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ALTERNATING CURRENT AND
ELECTRICAL MACHINES

7.1 ALTERNATING CURRENT

1. What is meant by alternating current ? Write an
expression for it. Define its amplitude, time period and
frequency.

Alternating current. An alternating current is that
current whose magnitude changes continuously with time
and direction reverses periodically. In contrast to it, a
direct current is that current which flows with a constant
magnitude in the same direction, as shown in Fig. 7.1.

A
Direct current

Alternating current

0 \/ » |

Fig. 7.1 Alternating and direct currents.

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 :

€ =€, 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

€

I E_S sinot  or
R R

Thus the current in the circuit varies sinusoidally

with time and is called alternating current.

I=Iosinmt

Here
I = instantaneous value of a.c. at any instant {

I =—1-{‘1 = peak or maximum value of a.c. and is

called current amplitude.

Amplitude. The maximum value attained by an alter-
nating current in either direction is called its amplitude or
peak value and is denoted by I

Time period. The 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 cycleis2n,
s0

Angular displacement in a complete cycle
Angular velocity

Time period =

or T=—

(7.1)
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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

E o
[= 1%
So an alternating current can be represented as
3 . el
I=Iusmmt=fusm2ﬂﬁ=fnsm?r

Figure 7.1 shows the 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 cps or 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. We can
prove it mathematically also.

2. Prove mathematically that 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 ¢ is given by

I =1, 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 = ldt = I, sin ot . dt

The total charge that flows through the circuit in
one complete cycle of a.c.,

q:jdq= IT I, sin ot dt
0

. [ﬂ]lﬁi[msz_ﬂ]’"

R o/ T T g
IT

=—££[ooser—cosO]=—L[1—1]=0
2n 2n

The average value of a.c. over one complete cycle
of a.c.,
q
I:ro = ? =0
Thus the average value of a.c. over a complete cycle of
a.c. is zero.

3. Ordinary moving coil galvanometer used for d.c.
cannot be used to measure an alternating current even if
its frequency is low. Explain, why.
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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 define the mean value of a.c.
over half a cycle or its root mean square value.

7.2 MEAN OR AVERAGE VALUE OF A.C.

4. Define average value of a.c. over half a cycle.
Establish the relationship between the ‘average value’ and
the ‘peak value’ of an alternating current.

Average value of a.c. It is defined as that value of
direct current which sends the same charge in a circuit in the

same time as is sent by the given alternating current in its
half time period. It is denoted by

Iﬂv or IJ"

Relation between average value and peak value of
a.c. The value of alternating current at any instant t is
given by

I'= 1, sin ot

This current can be assumed to remain constant for
a small time df. Then the amount of charge that flows
through the circuit in small time 4t is given by

dg=1.dt =1, sin ot.dt

The total charge that flows through the circuit, say in
the first half cycle, i.e., from ¢ =0 to t =T /2 is given by

i /2
g= [ dg= | Iosinmtdt=fol:—mw:]
0 0 @ Jo
I T/2
=——0 I:cosz—nf]
xIT LT g

=—-L[cos m—cos 0]
2n

o

= _ﬂ[_l_u:i’tlz
2n m
.. The average value of a.c. over the first half cycle is
_Charge q 29 2 LT
®" "Time TJ2. T F-x
or N =%t- 1, =0.637 I,
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Thus the mean or average value of an alternating current
is 2/ mwor 0.637 times its peak value. The similar relation
can be proved for the alternating emf, which is

2
ew=‘;‘~eo =0.‘§3-TZEO.

-

=
—

7.3 ROOT MEAN SQUARE (RMS) OR
VIRTUAL OR EFFECTIVE VALUE OF A.C.

5. What is meant by rms value or effective value of an
alternating current ? Derive a relation between it and its
peak value.

Root mean square or virtual or effective value of
a.c. It is defined as that value of a direct current which
produces the same heating effect in a given resistor as is
produced by the given alternating current when passed for
the same time. It is denoted by I, ., I, orby I,

Relation between the effective and peak value of
a.c. Suppose an alternating current I=I; sin wf be
passed through a circuit of resistance R. Then the
amount of heat produced in small time df will be

dH = I1?R dt

If T is the time period of a.c., then heat produced in
one complete cycle will be

T
H=]‘ ?Rdt
0

Let I, be the effective value of a.c. Then heat
produced in time T must be

o
H—!’lﬁRT

oy 1Ll

T T
2 s " 4 2
J,_ﬂ,RT_ll Rdt or Lg= EEI dt

But %I 1%dt is the mean of the squares of the
0
instantaneous values of a.c. over one complete cycle,
hence the effective or virtual value of a.c. equals its
root mean square value, i.c.,

Ly =

Lf
La=ii=] 124t
Tﬂ

T T
Now [ I?dt={ I sin® ot dt

>
=12J 1-cos2wt

dt
2
_iﬁ[t_sinzmr]T
g 20 |,
IZ T
=20 (T—O)—-1—|singt
2 20l T o

~
A

< g% 1
T ——(sin 4n—sin 0)
g 20
_L’ LT
° ===
LT
;eﬁorfm= 10_
P2
or Icﬂ,orf Jz_l'o OWLO
Thus the effective or rms value of an a.c, is — f times its

peak value.

7.4 ROOT MEAN SQUARE VALUE OF AN
ALTERNATING EMF

6. Define the root mean square value of an alternating
emf. Derive a relation between it and its peak value.
Root mean square value of an alternating emf. It 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 resistance for
the same time. It is also called virtual or effective value
of the alternating emf. Itis denoted by €, or € - or €.
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= E’G sin of
Heat produced in a small time dt will be
g2 e
dH = = dt =—2 sin® ot dt
R R

Let T be the time period of the alternating emf.

Then heat produced in time T will be
2

TE
H= J’dH I?sm ot dt
0

I (1-cos20t) .. _ & I:t_siant:IT
2 2R 20 |,

52 ‘A
oo gur]
0
_Eﬁ e :
_ﬁ[T_E}m(‘lﬂ_mo):I
g2 BT

or H= —“ [T 0]=2-
2R
If € . 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
2
H E’rms
R
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From the above two equations, we get

EZT53
R 2R

= 7% =0.707 €,

For Your Knowledge

or

> 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 V a.c., |
' we mean that its rms value is 220 V. The peak value
| would be
Vp=v2.V,, =2 x220=311V.
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

|

a.c. ampere in terms of Joule heating (H = I1>Rt) which
is independent of the direction of current. Hence the
rms value of alternating current in a 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

L effectofmnmt,someyafeqﬂ_edhotminstmmen&/

A

Examples based on
(i) Mean (ii) Effective (iii) Instantaneous values
of Alternating Currents and Voltages
Formuloe Used
1. Instantaneous value of a.c, I = I, sin of,
where I, is the peak or maximum value of a.c.
2 Average or mean value of a.c. over half cycle,

1._—1 5 =0.637 I,

3. Effective or rms or virtual value of a.c.,
Iy or Lyor I, =% I, =0707 I,

4. For alternating voltages, we have
- 1
€=E sinot, €,=0637€, € = 38"
Units Used

Currents [, I, and I, are in ampere, voltages
€€ and€ g T

‘ add up to zero. To overcome this problem, we define l
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Example 1. The electric mains in a house are marked
220 V, 50 Hz. Write down the equation for instantaneous
voltage. [CBSE D 95C ; Haryana 02]

Solution. Here €, =220V, f=50Hz

rms
Instantaneous voltage is given by
E=€ sinwt=v2E _sin2nft
=1.414x 220 sin (2 x3.14x 50 t)
= 311sin 314 £ volt.

Example 2. 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 ?

Solution. For normal brightness of the bulb,
€, . =12V
=2 8.
=1414x12 =17 V.

Example 3. The peak value of an alternating voltage
applied to a 50 Q resistance is10 V. Find the rms current. If
the voltage frequency is 100 Hz, write the equation for the
instantaneous current.

Solution. Here R=50Q, € =10V, f=100 Hz

I, =0.707 1, =0.707 x 200 = 141.4 mA
The instantaneous current is given by
I=1,sin2 n f t=200sin 200 © f mA.

Example 4. Calculate the rms value of the alternating
current shown in Fig. 7.2, [CBSE D 98]

I‘“‘

2A

0 »

-2A

Fig. 7.2

12
Solution. I, _=,/-1

{z 1o\ a2
=w=zm

Example 5. The electric current in a circuit is given by
=iy (t/ 1) for some time. Calculate the rms current for the
period t =0 fo t =1.
Solution. The mean square current for the rms
current for the period ¢ =0 to =t is given by

2 2
-i-I2 +I3
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e T 2

ot S 1S i
== — | dt

i zjo(t)

0
2 = 2 [.37F 2 =5 2
=_{0..I tzdt_i .E_- :_fg_ .t_=..lg..
T % w3l £ 3. 38
— 2
i =vVit= _’g_’_n‘
rms 3 _Jg

Example 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 ?
Solution. Here I, =5 A, f =50 Hz

() [y=v21,, =v2x5=7.07 A.
(i) I,, =2 I, =0.637x7.07 =45 A.
s

(iii) At t =1/300s,

I=1I,sin2 x ft=7.07 sin (2“ 50x—1~]
300

=7.07 sin g =7.07 x i} =612 A.

Example 7. The instantaneous value of an alternating
voltage in volts is given by the expression €, =140 sin 300 ¢,

where t is in second. What is (i) peak value of the voltage,

(it) its rms value and (iii) frequency of the supply ?

Take n=3, V2 =14.

Solution. Comparing the equation :

€, =140 sin 300 ¢
with the standard equation : 3 =50 sin of, we get
(i) Peak voltage, €, =140 V.
(i) rms value of voltage,
€, 140 _

=0 -"""_-100V.
rms J—z‘ 1.4 -

(iii) Angular frequency, w =300
® _ 300

.. Frequency, f=2_r:_2x3 =50 Hz.

Example 8. A resistance of 40 Q is 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.
Solution. (i) €, =220V, R=40Q

-
rms R 40

(i) Maximum instantaneous current,
Iy=+2 I, =1414x55=78 A.

TS

(iif) Let the alternating current be given by

1= I, sin ot

Let the a.c. take its maximum and rms values at
instants #, and , respectively. Then

I,= fg sin of, ,

L
which implies @ ¢, =ZE and I = Tg =, sinot, ,

which implies o t, = 5 +—

T N
4

ty === B
2 17 45 4 x2nf

=L=is=25ms.
4x2nx50 400

(
/Broblems For Practice

e

~]

The instantaneous emf of an a.c. source is given by
€ =300sin 314 t. What is the rms value of the emf ?
[CBSE D 20001  (Ans. 212 V)
The emf of an a.c. source is given by the expression
€ = 300sin 314t. Write the value of peak voltage
and frequency of the source. [CBSE D 93 C]
(Ans. 300 V, 50 Hz)
The instantaneous current from an a.c. source is
I =5sin 314t
What is the rms value of current ? [CBSE PMT 2000]
(Ans. 3.54 A)
An alternating voltage given by V = 140sin 314t is
connected across a pure resistor of 50€2. Find (i) the
frequency of the source. (ii) the rms current through
the resistor. [CBSE OD 12]
[Ans. (1) 50 Hz (i) 1.98 A]
An alternating emf of peak value 350 V is applied
across an a.c. ammeter of resistance 100 Q. What is
the reading of the ammeter ? (Ans. 2.47 A)
The effective value of current in a 50 cycle a.c.
circuit is 5 A. What is the value of current 1/300
second after it was zero ? [Punjab 94]
(Ans. 6.123 A)
The peak wvalue of an alternating current of
frequency 50 Hz is 14.14 A. Find its rms value. How
much time will the current take in reaching from
0 to maximum value ? (Ans. 10 A, 5 ms)
A 100 iron is connected to a 220 V, 50 cycles wall
plug. What is (i) peak potential difference (ii) average
potential difference and (iii) rms current ?
[Ans. (i) 311 V, (ii) 198 V (iii) 2.2 A]

. The equation of a.c. in a circuit is I = 50sin 100 ©tt.

Find (i) frequency of a.c., (if) mean value of a.c. over
positive half cycle, (iif) rms value of current and
(iv) the value of current 1/ 300 second after it was
zero. (Ans. 50 Hz, 31.8 A, 35.35 A, 433 A)
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HINTS
1. €, =0707, € =0707x300=212 V.

2.

3

(i) I,=50A . I

Peak voltage, €, =300 V.

2nf =314
314 314
i =50 Hz.
f= o 3xam
I,=5A

I, =0707 I, =0.707 x5 = 3.54 A.
Given V =140sin 314t = 140sin 2 ft

(i) 2nf =314

e

2 2x3.14

I V... 0707V, 0707140

JULL el L ~1.98 A
(0 hs =3 R 50
In=§9—=—35—0=3.5A

R 100

Reading of the ammeter
=1I,.=0707x35=247 A.
Current after 1/300 second is given by
I=lysinot=v21,, sin2n ft

_J—XSSIII(ZTIXSDX LJ

300
= 542 sin 5/2 ><--~[2—§ =6.123 A,
I, 1414
=0 _""""_10A
i 2 1414

1
4 x50

Here!{;:lﬂﬂﬂ, ‘éms=220v, f =50 Hz
() €y =2E , =2 x20=311V.

1
50

Time taken by the current to reach its maximum
%‘ § =5 ms.

! 2
(i€, = X €, =0.637 x311=198 V.
g 120

i) s ms =20 oo p

R 100
Comparing [ =50sin 100 nt with I = I, sin 2n f f,
we get

@lgmf=100n or f=2E

=50 Hz.

w O I =0.637 x50 = 31.8 A.

(iif) 1, =0.707 x50 = 35.35 A.

(i) I=50sin [monxi):sosinf
300 3

=50X0.866=43.3 A.
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7.5 PHASORS AND PHASOR DIAGRAMS

Phasors 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) alongwith proper phase angle between them
is called a phasor diagram or Argand diagram.

Fig. 7.3 A phasor diagram for an alternating emf and current.

Suppose the alternating emf and current in a circuit
are given by
€ =€ sin i and I=1,sin(of+¢)
where ¢ is the phase angle between € and I To
represent these quantities as phasors, we draw circles
of radii €, and I, as shown in Fig. 7.3. Let Z AOX = ot
and £ BOX =of + ¢

Then vector OA represents phasor £ of

magnitude € and vector OB represents phasor T of

magnitude I, both rotating with the same angular
velocity @ in the anticlockwise direction. The

projection OM (=€) of OA on the vertical axis
represents the instantaneous value of the alternating
emf. The projection ON (= I) of OB on the vertical axis

represents the instantaneous value of the alternating
current. The angle ¢=2AOB represents the phase

angle between the phasors € and T. In the present
case, the current leads the emf by phase angle ¢
If the current lags behind the emf, we can write
= I, sin (ot - ¢)
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g For Your Knowledge \

> Though in a phasor diagram, we represent alternating |
current and voltage as rotating vectors, these quan-
tities are not really vectors themselves. These are scalar
quantities. In fact, the amplitudes and phases of the
harmonically varying scalars combine mathemati-
cally 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 enable 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 on 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, |
itis like two pendulums of the same frequency which |
start their motions at dxfferent mstants of ime. ),

A\

-~ .

7 6 A.C. CIRCUIT CONTAINING ONLY
A RESISTOR

7. Show that the voltage and current always vary in
the same phase in an a.c. circuit containing resistance
only. Show the relationship graphically and draw a
phasor diagram for it.

A.C. circuit containing resistanceonly. As shownin
Fig. 7.4, suppose a resistor of resistance R is connected
to a source of alternating emf € given by

€ =€, sin ot (1)

Such a circuit is known as _;J\zh_
a purely resistive circuit.

If I be the current in the
circuit at instant f, then the &
potential drop across R will €, sin ot
be IR.  According to

, g. 7.4 A.C. through

Kirchhoff's loop rule, aresidor

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

or € sinot=IR
or I=-9 sin ot
R
or I =1, sin ot <62)

where [, = }Q = the maximum or peak value of a.c.

From equations (1) and (2), we note that both € and
I are functions of sin of. Hence the emf € and current |
are in same phase in a purely resistive circuit. This
means that both € and I attain their zero, minimum and
maximum values at the same respective times. This
phase relationship is shown graphically in Fig. 7.5(a).

)

Figure 7.5(b) shows the phasor diagram for a

resistive a.c. circuit. Both the phasors € and T areiin the

same direction, making same angle wt with x-axis. The
phase angle between them is zero.

E 1

(a) (b)

Fig. 7.5 (a) Graph of € and I versus ot and
(b) Phasor diagram, for a resistive a.c. circuit.

A.C. CIRCUIT CONTAINING ONLY
AN INDUCTOR

8. A sinusoidal emf is applied to a circuit containing
an inductor only. Show that the current lags behind the
voltage by n/2 radian. Also derive an expression for the
reactance of an inductor, when connected across an a.c.
source. Give its units. L

7000

A.C. circuit containing
only an inductor. Fig. 7.6
shows an inductor of induc-

=)
tance L connected to a 7
source of alternating emf € €, sin ot
gven by Fig. 7.6 A.C. through
E=€ sinot ..(1) an inductor

We assume that the inductor has negligible
resistance. Thus the circuit is purely inductive a.c. circuit.

As the alternating current flows through the
inductor, a back emf - L% is set up which opposes the

[ 3

applied emf. ~ N

. Net instantaneous emf =€ — Lsi

But this emf must be zero because there is no
resistance in the circuit.

e L
dt dt
or Eo sir‘woi‘=x‘...ﬂ
dt
or dl—e sin ot . dt
Integrating, Idl’:j &.sinmt.dt
L
&
or I =—-—% cos ot + constant
oL
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As the applied emf is sinusoidal, we expect the
current also to be sinusoidal. Thus the average of
current | must be zero over a time period. Now the
average of cos wt is zero over a time period, hence the
integration constant in the above equation must be
zero.

Then

I=-—L cos ot =— I, cos ot
ol

=~1I,sin(n/2 - ot) [ cos B=sin(m/2 —0)]

or I=1Isin(ot-n/2) ..(2) [.~sin0=sin(-0)]

€
where =_(}. = the peak value of a.c.
o

Phase relationship between € and I. On comparing
equations (1) and (2), we find that the phase angle of
current [ is n/2 rad less than that of emf E.

Thus 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 € attains its maximum value (€,) a quarter of
cycle (timeT/4) earlier than the current I, or the
current attains its peak value( ;) a quarter of cycle later
than the voltage €. This phase relationship is shown
graphically in Fig. 7.7(a).

€1
A
€
E-- :
) s T
]'d: .r' \‘\ 2n ai
g / ﬂw of
Y
(a) (b)

(a) Graph of € and I versus wt and (b) phasor
diagram, for an inductive a.c. circuit.

Figure 7.7(b) shows the phasor diagram for an

Fig. 7.7

>
inductive a.c. circuit. The phasor € makes an angle ot

with x-axis in anticlockwise direction. As the current
lags behind the emf in phase by n/2 rad, so the current

phasor T makes an angle /2 rad with the phasor of g
in clockwise direction.

_“Inductive  reactance. = Comparing  equation
I, =&,/ oL with the ohmic relation I, =€/ 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
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current is called reactance. In this case, it is called
inductive reactance and is denoted by X, .

X, =oL=2n fL

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

Forac, X, « f
Ford.c, f=0, so X, =0

Thus an inductor allows d.c. flow through it easily but
opposes the flow of a.c. through it. Obviously,

I =i= E!! _E'rms=§,mg_

™~ 2 ol oL X,

Variation of X; with frequency. As X; o« f, so the
graph of X, versus f is a straight line with a positive
slope. As f increases, X, also increases.

Fig. 7.8  Graph of X; versus f.

7.8 A.C. CIRCUIT CONTAINING ONLY
A CAPACITOR

9. Explain the effect of introducing a capacitor in d.c.
and a.c. circuits.

Effect of a capacitor in a d.c. circuit. Fig. 7.9 shows 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 Bbecomes
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

AB
od [
e L

e

5
Q

)Ammeter

Yo

Fig. 7.9 A capacitor in a d.c. circuit.
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circuit, as is clear from the momentary deflection in the
ammeter. The maximum charge on the capacitor plates
will be g, = CV;,. Thus a capacitor stops a d.c.

If 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. 7.10 shows the variation of charge g
with time t. Clearly, the charge grows exponentially
from zero to the maximum value g,. 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 q,.

"l oses0g,
0.6320 g,
9 : :
0 RC 2RC 3RC
Time —

Fig. 7.10 Varation of charge g with time ¢ during
the charging of a capacitor

Effect of capacitor in an a.c. circuit. Fig. 7.11 shows
a capacitor of capacitor 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.

ILE
I
GS Ammeter
E)—72\
A K

Fig. 7.11 A capacitor in an a.c. circuit.

10. A sinusoidal emf is applied to a circuit contai-
. ning a capacitor only. Show that the current leads the
voltage by m/2 radian. Derive the expression for the
reactance of a capacitor, when connected across an a.c.
source. Give its units.

&2
~—~A.C. circuit containing only a !
capacitor. As shown in Fig. 7.12, "
consider a pure capacitor C connected
across a source of alternating emf €
given by €, sin ot

€ =€ sin ot (1) Fig.7.12

7.9

Due to the continuous charging and discharging of
the capacitor plates, a continuous but alternating
current exists in the circuit.

At any instant,
P.D. across the capacitor plates = Applied emf

ie., V=E.=E.0 sin ot
But V=Q
C
or Q=CV =CE_ sin ot
*. Current at any instant is
dQ d .
I=—&-E~ =EE(CE’0 sin ot) = 0CE cos ot
or I'= I cos ot =1 sin( of + ©/2) ..(2)

where I, = oCE, =—_—59—~ = the current amplitude.
1/ oC

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 m/2 radian. The phase relationship
between € and [ is shown graphically in Fig. 7.13(a).
We see that the current reaches its maximum value
earlier than the voltage by one-fourth of a period.

€, 11
&
Iy
0
(@) ()]
Fig. 7.13 (a) Graph of € and I versus ot and
(b) Phasor diagram, for a capacitive a.c. circuit.

Figure 7.13(b) shows the phasor diagram for a

'y
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 n/2 rad, so the current

phasor T’ makes an angle n/2 rad with phasor € in
anticlockwise direction.
Capacitive reactance. Comparing the relation,

-
0 1l

€
with the ohmic relation I, = E‘}, we find that the factor

ic is the effective resistance or opposition offered by the
(4]

capacitor to the flow of a.c. through it. It is called capacitive
reactance and is denoted by X...
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Thus nE——=—

The SI unit of capacitive reactance is ohm (£2).

1
For a.c,, XC o —
f

Fordec, f=0 . X.=w

Thus a capacitor allows a.c. to flow through it easily
but offers infinite resistance to the flow of d.c, i, a
capacitor blocks d.c. Obviously,

Variation of capacitive

reactance with frequency. 1
Capacitive reactance, %
c
i
fig* u)C 21th
f ———
i - ? Fig. 7.14 Graph of X, vs. f

Thus the capacitive reactance varies inversely with
the frequency. As f increases, X- decreases. Fig. 7.14
shows the variation of X with f.

Examples based on
(i) Inductive reactance
acitive reactance

il) Cap

Formulae Used

1. For an a.c. circuit containing inductor only,
(1) Inductive reactance, X; =olL=2r f L

(if) Current amplitude, In, Eﬂ_
_j_ (ﬂL i
oo o W E’ £ 5
(i) Efb:t_lve current, I, XL -E -
2. For an a.c. circuit containing capacitor only,
At . aia O e ; 1 1
(i) Capacitive reactance, X = e = = f- -
(')Currmtam litude, I, = &_ &
., i) C t amp r nuxcﬂlimc
- (iii) Effective current,
€ (3
—_ms _ __rms_ _

Units Used
Inductance L is in henry, capacitance C in farad,
reactances X and X in ohm, currents [, and [
in ampere and voltages € and € _ in volt.

PHYSICS-XII

Example 9. A100 Hza.c. is flowing in a 14 mH coil. Find

its reactance. [Haryana 98]
Solution. Here f =100 Hz, L=14 mH=14x 10> H
Reactance, X; =2nfL

=2><2_73x100x14x10'3=s.sn.

Example 10. A pure inductor of25.0 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.
[NCERT]
Solution.Here, L=25.0 mH=25.0x10" H,
€ =220V, f=50Hz

rins
X, =2nfL=2x3.14x 50x 250x107° =7.85Q
R

e X, 785

=28.03 A.

Example 11. Find the maximum value of current when an
inductance of one henry is connected to an a.c. source of
200 volts, 50 Hz. [CBSE OD 95 C ; Punjab 2000]

Solution. Here L=1H, Etff =200V, f=50 Hz
Maximum current,

B_I" ¥ V2 x 200 09 A.
% X 2qu Ix318x50x1

Example 12. A coil 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 capacitor which has the same

reactance at that frequency ? [CBSE D 95 C]
Solution. (i) Here L=1H, X, =3142Q
.+ Frequency,
=X el el
2L 2%3142%1
[+ X =2=fI]
(i) Xo =X =3142Q
1
But X- . FC
ol S 1
T2m fX. 2x3.142 x 500 x 3142

=0.11x10°F = 0.11 yF.

Example 13. An a.c. circuit consists of only an inductor of
inductance2 H. If the current is represented by a sine wave
of amplitude0.25 A and frequency 60 Hz, calculate the effective
potential difference (Vcﬂ) across the inductor. (n =3.14)
Solution. Here L=2 H, [, =025 A, f =60 Hz
Vet
Inductive reactance, X; =—
oy
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Iy
Ve = X - Ly =2 fL'TZ-
0.25
1.414
Example 14. Alternating emf, € =220 sin 100 =t is
applied to a circuit containing an inductance of 1/m 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 ?

Solution. Alternating emf, € =220 sin 100 nt

=2x314x60x2 x V=1332V.

Comparing with € =€ sin2x ft, we get
€,=220V, f =50 Hz

Current amplitude,

& & 220

0 = = =22 A
oL 2ﬂfl. 27t x 50 x

n
Since the current in an inductive circuit lags behind

the emf in phase by 25 radian, therefore, instantaneous

current through the circuit is
I= I, sin(100 nt —/2)
=22 sin (100 nt - m/2)
The a.c. ammeter will read the rms value of current,

=Y 22
s =S =75 =1556 A
Example 15. An inductor 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 instan-
taneous voltage of the source when the current is at its peak
value ?

Solution. Here L=200mH=02H €;=210V,

f =50 Hz
Peak current,

A &

G, 2n fL

210

33A

2 x314x50x02

As in an inductive a.c. circuit, current lags behind
the emf by n/2, so the voltage is zero when the current
is at its peak value.

Example 16. A1.50 uF capacitor is connected to a220 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 ?

[NCERT ; CBSE OD 09]

Solution. Here C=1.50uF=1.50x107°F,
€, =220V, f=50Hz

7.11

Capacitive reactance,

1 1
= = =212C)
A 2nfC 2x3.14x50x150x107°
i it
X, - H2

Peak current, I, =v2 I, =1414x1.04=147 A

The current in the circuit oscillates between
+1.47 A and -1.47 A and is ahead of emf by 90°.

B
X<

If frequency is doubled, the capacitive reactance is
halved and consequently, the current is doubled.

Now

Example 17. A capacitor of 1 pF is connected to an a.c.
source of emf € =250 sin 100 nt. Write an equation for
instantaneous current through the circuit and give reading
of a.c. ammeter connected in the circuit.

Solution. Here C=1pF=10°F, & =250V,
o=100 trads .

The instantaneous current through the circuit,

I= Iosin(mul‘]:wceﬂ ﬂ'.n(mt+£]
2 2

=2x3.14x50><10“6x2505in[100 m+23)

=0.0786 sin [100 af + ;_‘]

Reading of the a.c. ammeter is
L,,,s =0.707 I, =0.707 x 0.0786 = 0.06 A.

I‘/\—mblems For Practice

1. What is the inductive reactance of a coil if current
through it is 800 mA and the voltage across it is
40V? (Ans. 50Q)

Find the value of current through an inductance of
2.0 H and negligible resistance, when connected to
an a.c. source of 150 V and 50 Hz. [Punjab 92]

(Ans. 0.239 A)
An inductance of negligible resistance, whose
reactance is 22 () at 200 Hz is connected to a 220 V,
50 Hz power line. What is the value of inductance
and reactance ? (Ans.0.0175H, 55Q)

4. A coil of self-inductance has inductive reactance of
88 Q. Calculate the self-inductance of the coil if the
frequency is 50 Hz. (Ans. 0.28 H)

5. Find the maximum current through an inductance
of 2 H connected to an a.c. source of 150 V, 50 Hz.

[Punjab 97] (Ans. 0.337 A)

6. Calculate the frequency at which the inductive

reactance of 0.7 H inductor is 220 Q2. (Ans. 50 Hz)

o

LS ]
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9.

10.

11.

A2

What is the capacitive reactance of a 5 uF capacitor
when it is a part of a circuit whose frequency is
(i) 50 Hz (if) 10° Hz ? [Haryana 95)
(Ans. 636.6Q,3.18 x1072 Q)

A capacitor has a capacitance of 1/ pF. Find its
reactance for a frequency of (i) 50 Hz and (ii) 10° Hz.
(Ans. 10Q, 0.5Q)

A 15 pF capacitor has a capacitive reactance of
12 Q. What is the frequency of the source ? If the
frequency of the source is doubled, what will be the
capacitive reactance ? (Ans. 8846 Hz, 6Q))
A capacitor of capacitance 10 pF is connected to an
oscillator giving an output voltage, € = 10sin ot
volt. If @=10rad s, find the peak current in the
circuit. (Ans. 1.0 mA)
A capacitor has a reactance of 100 at 50 Hz. What

will be its reactance at 125 Hz ? (Ans. 40Q)
HINTS
(P 40
. X, =—%= =500Q.

ra

B T -3
ly 80010

Here L=20H, €, =150V, f=50Hz

Reactance, X; =2 f L=2x3.14 x50 x2=628Q

Current, Ilﬁ =——=—=0.239A.

At f=200Hz, X, =

X xR T g
2r f

T 2x22x200 400
2x22x50x7

At f=50Hz X, =2n f L=
i it 7 % 400

=550

XL=2"=f L=2x2—72 xS(]xZ:TQ

€,
XL

220x7
= =50 Hz.
- 27:1. 2x22x07
1 1

oC 2nfC

 1414x150 x 7
4400

=0.337 A.

(3
1“=3(_0_=

Capacitive reactance, X-=

(i) When f =50 Hz,
1

Xc= — ) = 636.6Q2
2x314x50x5x%x10

(i) When f =10° Hz,
1
Xi= Q
€ 2x314x10° x5x10™°

=318 %102 Q.

10.

114
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Proceed as in Problem 7 above.
1

Here C=15uF=15x10°F, X .=——=120Q

ere M x c 2nfC
1
.. f al
2nX .C
1

e 8846
2x3.14x107° x12

When frequency is doubled, capacitive reactance
becomes,
XC

1
X = = ==§0.
€ rx2fxC 2

E,
1/ oC
=10x10x10"° x10=10°A
=1.0 mA.
1
As X.oc—
W
X L
X f

X=X =

I = = mCE

50x100 —400.

7.9 A.C. CIRCUIT WITH RESISTANCE

AND INDUCTANCE IN SERIES

11. An alternating emf is applied to a series combi-

nation of a resistor and a capacitor. Investigate the phase
relationship between current and emf. Find the
impedance of the circuit.

A.C. circuit containing Land R in series. As shown

in Fig. 7.15, consider a resistor R and inductance L
connected in series to a source of alternating emf €
given by € =& sin ot.

f— Vg = RI—sp— V, = X,] —

ED sin wt

Fig. 7.15 A series LR-circuit.

Let I be the current through the series circuit at any

instant. Then

1. Voltage V, = RT across the resistance R will be

in phase with current T.So phasors ‘7;{ and I are
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in same direction, as shown in Fig. 7.16. The
amplitude of 17,; is
R
Vo =R

Fig. 7.16 Phasor diagram for series LR-circuit.

2. Voltage ‘i;'z =XL? across the inductance L is
ahead of current I in phase by n/2 rad. So
phasor 171 lies /2 rad anticlockwise w.r.t. the
phasor T.1ts amplitude is

V" =1,X
where X; is the inductive reactance.
By parallelogram law of vector addition,
7 haR
Using Pythagorean theorem, we get
€2 = (V,") + (%) =(L,R? + (X )

= 2 (R*+ X))

by
R* + XL2
Clearly, R* + I"(L2 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

Z=R*+ X2 =|R* + &L

or

[+ X, = oL]

Ti'le phase angle ¢ between the resultant voltage
and current is given by

It is obvious from the phasor diagram that the
current lags behind the emf by phase angle ¢ so the
instantaneous value of current is given by

I =1, sin (ot - ¢)

713

ExamEles based on

Formulae Used

g :
1. Impedance, Z = = [R? + X? = [R? + o*I2

2. Current, Im

Irms
&
Z
3. Phase angle ¢ is given by
X, oL R
tan ¢=—L=— or ==.
B

4. Instantaneous current, I = I sin (of — ¢)

Units Used

R, X, and Z are all in ohm, inductance Lin henry
and angular frequency win rads ™.

Example 18. When an inductor L and a resistor R in
series are connected across a12 V, 50 Hz supply, a current
0f0.5 Aflows in the circuit. The current differs in phase
from applied voltage by n/ 3 radian. Calculate the value of R.

[CBSE OD 06]

=12V, f=50Hz, I _=05A,

s

Solution. Here, €
¢=mn/3 rad

rms

€
Impedance, Z= IL"‘S- moE =240Q

R
A =—
s cos ¢ Z

R=Zcos¢=24cosg=24><%=129.

Example 19. A bulb of resistance 10 Q), 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 1t/ 4 radian, calculate the value of L. [CBSE OD 01]

Solution. Here R=10Q, f =50 Hz, ¢=£rad
ﬁ=2nfL

R R
L_Rtan@_ 10x tann/4
C2nf  2x3.142x50

As tan ¢=

=0.0318 H.

Example 20. A coil of resistance 300 Q and inductance
1.0 H is connected across an alternating voltage of frequency
300/2 n Hz. Calculate the phase difference between the

voltage and current in the circuit.

Solution. Here R=300Q, L=10H f=:;@ Hz
T

_oL_2nfL_2rx300x10 _
R R 27x300

. Phase difference, ¢ =45°.

tan ¢ 1
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Example 21. 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. (Take & =3).
[CBSE Sample Paper 03]
Solution. The coil draws lesser current in the
second case because of the reactance offered by the
inductor.
Incaseofd.c, V=10V, I=2 A
Y150
I 2

In case of a.c., Edf =10V,

R

Ie}}’ =1A

Inductive reactance,
=|Z*-R*=10> -5 =53 Q

or 2nfL=53
—5-3/—_- 5J§ =0.0288 H.
2naf 2 x3x 50

Example 22. An 80V, 800 W heater is to be operated on a
100 V, 50 Hz supply. Calculate the inductance of the choke

required. [CBSE D91 ; Haryana 02]
Solution. As P=VI
L Ise=t _10A i R=2 =050
vV 80 1 410
As the choke is connected in series with the heater, the
current should remain same for the impedance adjusted.
Y AAn o
T IR+ P2 R + 422D
or 10 = L -
JBz +4mx50%x 2
or 64+10000°F =
or 2 L=—C —o019H

000072 O “T100=%

Example 23. 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.

(1) Give reason for this observation.

(if) Calculate the value of the reactance of the coil.
[CBSE D 94]

Solution. (i) For d.c. circuit, resistance
_V _100 _200
-1-18 3

=667 Q

PHYSICS-XII

For a.c. circuit, impedance

v
off 10 1000

Ly

As the effective resistance of the coil is greater for
a.c. than for d.c., so the current decreases in a.c. circuit.

(ii) As Z=4|R* + X,
2
L =v22 - R? =_[100% - [ )

_ 10045 _ 100 x 2.2361

5 3
Example 24. 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

=74.53 Q.

coil. [CBSE F 95]
Solution. (i) For d.c. circuit, V=200V, [=2 A
. Resistance, R = % = % =100
(i) For a.c. circuit, Eeff =200V Ieﬁ =10 A,
f=50Hg&
e
. Impedance, Z=-2 =22 _2000q.
Ieﬂ‘ 1.
(iii) Let L be the inductance of the coil. Then
w?? = 72 — R?* =200% - 1007 =30,000
[-Z=yR*+ o’F]
or oL=1003Q
_100¥3 _ 10043
® 2n f
1008 ey
2x3.14x 50

Example 25. 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.

[CBSE D 97]

Solution. Here Eeﬁ =60V, P=10W

Resistance of the lamp,

g2
R=-Z 050 o0
P 10
Current through the lamp,
JRRE
off
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(@) e;ﬁ =100V, f=60Hz

Required impedance,
Ieg 1/6

Reactance of required choke = 1||Z2 = 2

= J600? 2.
X, =4600" —360° =480Q

Inductance of required choke,
2l 480
2rn f 2x31.4x60
(if) Value of resistance required in place of choke
=600 —-360 =240 Q.
Example 26. A 12 Q resistance and an inductance of
005/n H are connected in series. Across the ends of the
circuit is connected a 130 V a.c. supply of 50 Hz. Calculate

(1) the current in the circuit and (if) phase difference between
the current and voltage.

or

=1.273 H.

[Haryana 03]

0.05

Solution. Here R=12Q, L=—H € =130V,
n
=50 Hz.
Impedance of the LR-circuit,
Z=\|R?+ @ =[R? + 4P f 2.
-4
=J122+4r{2x2500x2—5i-
th
=,/144 +25 =169 =13 Q
(/) Current in the circuit,
3 130
I =-0_—_—_=-10A
™S ol
(if) Phase difference ¢ is given by =~
ol = 0L 2L IO 4167

R R 12xn

é=tan! (0.4167) = 22.6°.
Here the voltage leads the current By a phase angle
of 22.6°.

Example 27. The a.c. circuit shown in Fig. 7.17, has a
choke L and a resistance R. The potential difference across

R L
I

Ve —V,

()
o
E = Ensinmr

Fig. 7.17

Fig. 7.18

719

the resistance R is Vir =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 ?

Solution. As V,, is in phase with current]and V, is
90° ahead of current | in phase, so the phase difference
between V; and V, is 90°, as shown in Fig. 7.18.

Ve =V + V2 =4[160% + 1202 =200 V

=29 o000

%
Impedance, Z = £
pe I 1.0

Fms

When direct current (0 =0) is passed, reactance oL
becomes zero.

. P.D. in the circuit = P.D. across R =160 V.
Example 28. In the circuit shown in Fig. 7.19, 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 (if) the
phase angle between the voltage and current. [CBSE F 04]

T R

)
p—y
Fig. 7.19

Solution. (i) The voltages across Land R are 90° out
of these. Their resultant voltage is

Ve = V2 + V2 =/90% + 1202 =150 V

IL..=3A
. Impedance,
Z= Voms =@=5[}Q
g
(ii) tamf.j;:ﬁ=EI~'---@=2

. Phase angle, ¢=tan"! ; =53.1°

' /D roblems For Practice

1. Calculate the impedance of a coil of resistance 3 Q
and reactance 4 Q. (Ans. 5Q)
An inductance coil has a resistance of 100 ohm. When
a.c. signal of frequency 1000 Hz is applied to the coil,
the applied voltage leads the current by 45°. Calculate
the self-inductance of the coil. [CBSE D 98C]

(Ans. 0.016 H)

=)
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o

An a.c. source of 100 V r.m.s., 50 Hz is connected
across a 20 Q) resistor and 2 mH inductor in series.
Calculate (i) impedance of the circuit and (ii) r.m.s.
current in the circuit. [CBSE D 93]

(Ans. 209, 5 A)
A 100 V, 50 Hz a.c. source is connected to a series
combination of an inductance of 100 mH and a
resistance of 20Q. Calculate the magnitude and
phase of the current.

(Ans. 2.68 A, current lags behind voltage by 57.5°)

. A current of 11 A flows through a coil, when

connected to a 110 V d.c. source. When 110 V a.c. of
50 Hz is applied to the coil, only 0.5 A current
flows. Calculate the (i) resistance (ii) impedance
and (iif) inductance of the coil.

[Ans. (1) 10, (i) 2209, (i1i) 0.7 H]
An arc takes a current of 10 A at 80 V. Find the
inductance, which should be put in series to work
the arc from 220 V, 50 Hz supply. (Ans. 0.065 H)

A current of 2.0 A is flowing in the LR-circuit
shown in Fig. 7.20. Find the voltage across the a.c.
source and the impedance of the circuit.

(Ans. 260 V, 130Q))

L R L=01H R=300Q
1
240 V—~—100V

& )
o \d

V=V, sin wt V = 200 sin 400 ¢ volt

Fig. 7.20 Fig. 7.21
8. Calculate the impedance and the rms current in the

9.

(Ans. 509, 2V2 A)
The virtual current in the a.c. circuit shown in
Fig. 7.22, is 1.0 A. Find (i) virtual voltage across the
coil L, (if) impedance of the circuit and (iif) reactance

a.c. circuit shown in Fig. 7.21.

of the coil. [Ans. (i) 160 V (i) 200 Q (iii) 160 Q)
L R
120V —|

1.0A

{~)

o i

200V

Fig. 7.22

10.

A circuit containing a resistance of 50 and an
inductance of (1/ ) H in series is connected to a
200V a.c. line of frequency 60 Hz. Find the

11.

14.

16.
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reactance, the impedance, the current in the circuit
and the phase difference between the alternating
voltage and current.
(Ans. 1209, 1300, 1.538 A, tan ' 24)
An a.c. circuit consists of a 220 V, 50 Hz supply
connected across a 100 Q resistor. What inductance
should be connected in the circuit in series with
resistance so that the current is reduced to half ?
(Ans. 0.55 H)
A long solenoid connected to a 12 V d.c. source
passes a steady current of 2 A. When the solenoid is
connected to an a.c. source of 12 V at 50 Hz, the
current flowing is 1 A. Calculate the inductance of
the solenoid. (Ans. 33 mH)

. A choke coil and a resistance are connected in series

in an a.c. circuit. A potential difference of 130 V is
applied to the circuit. If the potential difference
across the resistance is 50 V, what should be the
potential difference across the choke coil ?

(Ans. 120 V)
An emf, € = 200sin 377t volt is applied across an
inductance L having a resistance of 1.0€. The

maximum current is found to be 10 A. Find the
value of L. (Ans. 53 mH)

. An electric circuit containing an inductance L and

resistance R in series has an impedance of 50 at
100 Hz and an impedance of 100 at 500 Hz. Find
the values of Land R. (Ans. 28.13 mH, 46.77Q)

In the RL-circuit shown in Fig. 7.23, resistance
R =309, reactance X; = 40Q and peak emf=220 V.

Fig. 7.23 &

HINTS
: H

2,

Calculate the (i) impedance Z, (ii) phase difference
between the emf and current and (iii) the peak
current I, in the circuit. [ISCE 03]

[Ans. (i) 50Q, (if) 53.1° (iii) 4.4 A]

Z=R+X?=[#+# =50,
Here R=100Q, f=1000Hz ¢=45°

X2 L
'[‘a.'n¢_ L:L
R R
tany 45° 27 x 1000 x L
100
or L PR Ly e
2r x 1000
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y

e 5

4,

S

Z= R+ o?P = [R? + an* f2P

= /400 + 4 x 9.87 x 2500 x(2 x 10%)? =20Q

€
L =-—"1% =—100=SA.
T 20
Impedance,

Z =R+ % = [R? + 4n f2 2
= 20 + 4n® x 507 x(0.1)* @
= /400 + 986.96 Q =/1386.96 Q = 37.24Q

v
. Current, T=-2 =190 4y _oegn
Z  37.24
27 x50 x 0.1
gty g g B0 L SERORROL by o
R 20

. ¢ = tan"! (1.5708) = 57.5°
Proceed as in Example 24 on page 7.14.

5. R=V /1=80/10=8€Q. When the inductance is put

in series, the current should remain same for the
new impedance adjusted.

1 =V;ff
of l’R2+4n2f2L2

220
or 10=
JSZ + 4n? x50% x 2

or 64+ 10000 n** = 484

sl e
10000 =
or L=0.065 H
7.V, is 90° ahead of V in phase.

8.

' )

Vs = Vi2 + V2 = 2407 + 1007 =260V

1%
z-Jms 200 4350,
1.

TS
V/ =220sin 400t = V, sin of
V, =200V, 0=400rads™,
X, = oL =400 x0.1=40Q
Z= R + X} =307 + 407 =500
V, 200
il
=2~
y 200
(i V2 x50

M)V, =V,2 - V& =,/200° - 120> =160 V.

V. 200
iy Z=—ms_20_s900.
@) lliRie

=242 A,

L1}

Yos _
z

rms

/.17
10. Proceed as in Example 26 on page 7.15.
12/ R e
2A
g
Z=|R+x} =L
R2+xf=l—12
or X7 =144- R* =144 -36=108
X, =630
XY, 6 x1.7%%
“2nf 2x3.14x50
= 0.033 H =33 mH.

13, Vy=yV.2 - V2 =4/130° - 50° =120 V..

14 Here €, =200V, ©=377rads™!, R=1.09Q, I, =10A

U

Z=-I_0-= Rz+}{,_2 %="12+XL2
0

X, =420 -1 =1997Q;

X; 1997

L=—==—"""—-=0.053H=53 mH.
[0} 377

15. Impedance, Z = /R* + 4n” f 22

At f=100Hz, Z=50Q

" 50=/R* + 4r® (100)*
or R®+ 4n% (100)* 2 = 2500 (i)
At f=500Hz, Z=100Q
: 100 = |/ R? + 4x? (500)*
or R? + 4n? (500)* I* = 10000 (i)
On solving equations (i) and (ii), we get

L=2813x10°H and R=4677Q.
16, () Z=yR?+ X2 =30 + 407 =500,

. R 30

i)cos p=—=—=06
(if) cos ¢ 7 %

d=cos™! (0.6) = 53.1°.

(iif) 10=%=%=4.4A

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

12. An alternating emf is applied to a series combi-
nation of a resistor and a capacitor. Investigate the phase
relationship between current and emf. Find the
impedance of the circuit.

A.C. circuit containing C and R in series. As shown
in Fig. 7.24, consider a resistor R and capacitor C
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connected in series to a source of alternating emf €
given by

3 =Eo sin of

p— Vi =RI—spe— V=X I —f

—(~)
L=
ED sin of

Fig. 7.24 Series LR-circuit.

Let I be the current through the series circuit at any
instant. Then
1. Voltage 17; = RT across the resistance R will be
in phase with the current T.So phasors 17,; and T
are in same direction, as shown in Fig. 7.25. The
amplitude of V, is VX = I,R

2. Voltage Vé =X T across the capacitance C lags

behind the current T in phase by 7/2 rad. So

phasor \72 lies /2 clockwise w.r.t. the phasor 1.
Its amplitude is
‘ Vo =IXe

where X.. is the capacitive reactance.

Fig. 7.25 Phasor diagram for a series CR-circuit.

By parallelogram law of vector addition,
17;2 + ?E. =
Using Pythagorean theorem, we get
€2 = (V" + (V" P =(IpRY? + (X,

=12 (R*+X2)

or Iy=

PHYSICS-XII

Clearly, \/ R? + XCZ is the effective resistance of the

series CR-circuit which opposes or impedes the flow of
current through it and is called its impedance and is
denoted by Z. Thus

1 1
Z=Af R X2 R — {-.-x..z—]
*c T € wC

The phase angle ¢ between the resultant voltage
and current is given by

VUR LR RNQAR

tan ¢ =

It is again obvious from the phasor diagram that
the current is ahead of emf by phase angle ¢ so the
instantaneous value of current is given by

I= I sin (ot + §)

ExamEfes based on

Formulae Used
y e € 2 1
1 1mpedance,Z=—If= REPX 5= R2+;2-62—
€
2z Cul’lﬂﬂl‘..l‘.. Irms=Tm
3. Phase angle ¢is given by
tan¢=XJ=UTwC or cos¢=§

&Instantaneous current, [ = I, sin (ot + ¢).
Units Used

R.XcandZareallmolml,capamtance Cin farad
and angular frequency ®in rad s~

Example 29. What is the value of current in the a.c. circuit
containing R =10 Q, C =50 uC in series across 200 V, 50 Hz
a.c. source ? [CBSE OD 93]
Solution. Here R=10Q, C =50 uF=50x10"°F,
=200V, f=50 Hz

T S
4P f2C?

Ver

1
= [10% +
\/ 4n% x (50)% x (50 x 107°)?
100 + 4053 =64.4Q

v
o @A 310 A.
64.4

Z

Example 30. 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

Current, I off =
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same voltage 1s applied across another device Y, the same current
flows through the circuit but it leads the applied voltage by
/2 radian. (i) Name the devices X and Y. (ii) Calculate the
current flowing in the circuit, when same voltage is applied
across the series combination of X and Y. [CBSE OD 97]

Solution. (i) Device X is a resistor and Y is a
capacitor.

(3
(if) Here R=X. =—2 =220 _s400
1y 05

When XandY are connected in series, their
impedance becomes

Z=[R? + X2 =[440? + 440
= V387200 =62225Q

Eeﬁ' 220
" 62225

Example 31. A series circuit contains a resistor of 20Q, 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.
[Punjab 99]

=220V, f=50Hz,

Current, | = =0.35 A.

Solution. Here R=20Q, €
L =25 A

~Pmapedance, Z= §m‘5 =
5 & it Lo
3

rms
But Z=yR2+X>

X, =4Z% - R? = /882 ~20?

=88 +20) (80 —20) = /108 x 68 = 85.7 Q2.

Example 32. An alternating current of 1.5 mA rms and
angular frequency =100 rad s~ flows through a 10 k Q
resistor and 0.50 pF capacitor in series. Calculate the value
of rms voltage across the capacitor and the impedance of the
circuit. *[CBSE D 93C)

Solution. Here =100 rad s’
-3
I, =15mA=15x10"A
R=10kQ=10%Q,
=0.50 uF =0.5 x 107°F
Impedance,
1

2
R+ ——mzcz

Z=

X! 432 1
% \/(10 i (100)% x (0.5 x 1078)% .

=10® +4x10% =v5x10% =2.23x 10 Q.

/719

The rms voltage across the capacitor is

=Xclps

rms = x I

1

=mx1.5x10'3v=30v.
*x0.5x%

. Example 33. A20V~5 Wilamp is to run on 200 V-50 Hz

a.c. mains. Find the capacitance of a capacitor required to
run the lamp.

Solution. Current rating of the lamp,

I=222 025 4
V.20
Resistance of the lamp,

vV 20

In order to run the lamp on 200 V - 50 Hz a..
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

2 2
=1HR2 - XCZ =\[R2+(21tlf CJ =J802 +[ii—~c-]

€
As Imls = —'%!g
0.25 = =
2
o e
314C
or 80%+ : [200) =800°
@14 \025
= L _ 8002 -802 =880 x 720
(314 C)
s 1 _ @80x720=79%
314C
= 4OX10R=AOLF.
314 x 796

Example 34. A resistor of200 Q and a capacitor of15.0 pF
are connected in series to a 220V, 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. [NCERT ; CBSE OD 08]

Solution. Here, R =200 Q,
c=150p1==15.0 x10°F,V,

1
W% 21'9"C T2x3.14x 50x 15.0x 10°°

Z=|R? + X2 = /(200)? + (212.37 =291.5Q

=220V, f =50 Hz
=2123Q
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Therefore, the current in the circuit is

oo 2 Vst = M =0.755 A.
rms Z. 29158

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

R
VR =1, .R=0755x200=151V
VE =1 .X.=0755x2123=1603V

rms rms

The algebraic sum of the two voltages, V, and V. is

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 voltage is
obtained by using Pythagoras theorem,

Ve,c = V2 + V2 =151 + (1603

=220V

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.

Example 35. In a series R-C circuit, R =308,
C=025uF, V=100V 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.  1CBSE D (4]

Solution. Here R =30Q, C =0.25x10°F,
V.. =100 V, ©=10,000 rad s~
1 1

X = o 10520252105

Z=,’R7‘+X§

= /30 + 400% = /160900 = 401.1Q

400Q

Vs _ 100 _
VR =1  R=025%30=75V

e
VE =1 . .X.=025x400=100V

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.

Example 36. An a.c. circuit consists of a series
combination of circuit elements ‘X’ and 'Y". The current is
ahead of the voltage in phase by n/ 4. If element X" is a pure
resistor of 100Q, (i) name the circuit element "Y', and
(ii) calculate the rms value of current, if rms value of voltage
is141V. [CBSE OD 04C)

Solution. (i) The circuit element “Y” is a capacitor.

PHYSICS-XII

(i) Phase angle ¢=E

R
But cosp=—
¢ Z
n 100Q
0SS —=—
4 Z
100
Z=——=1002
& 12
=100 x 1.414 =1414Q
I i, vrms = 141V -~
msT 714140
/ \'roblems For Practice

I. A circuit containing a 20 resistor and 0.1uF
capacitor in series is connected to 230 V a.c. supply
of angular frequency 100 rad s™'. What is the
impedance of the circuit ? [CBSE OD 90]
(Ans. 10° Q)
A circuit consists of a resistance of 10Q and a capaci-
tance of 0.1 pF. If an alternating emf of 100 V, 50 Hz
is applied, find the current in the circuit.
[Haryana 92]
(r\l!'-.. 3.14 mA}
. A 20 W, 50V, filament is connected in series to an
a.c. mains of 250 V, 50 Hz. Calculate the value of the
capacitor required to run the lamp. (Ans™ _ . T
!, Find the impedance of the circuit shoWm in
Fig. 7.26, for (i) direct current and (i) alternating
current of frequency 10/ n kHz.
[Ans. (i) Infinite (if) 32Q)

ra

20Q 24F

5. A 1pF capacitor is connected to a 220 V -50 Hz a.c.
source. Find the virtual value of current through
circuit. What is the peak value of voltage across the
capacitor ? [CBSE OD 2000 C]

(Ans.0.07 A, 311 V)

6. A capacitor in series with a resistance of 30Q is

connected to a.c. mains. The reactance of the

capacitor is 40€Q. Calculate the phase difference
between the current and the supply voltage.

(Ans. tarl'lé

3

- A circuit has a resistance of 10Q and its impedance

is 10042 Q. Find the reactance of the circuit.

(Ans. 100Q))

-~
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~J
o
—

HINTS f— Vg = RI —sp—— V= X, ] ——p— V=X —
I. Here R= 20Q,C=0.1pF=01x10°F=107F, AAN—o— O —— “
®=100rads™ R v, L ¢
Impedance, l ; AL mez—br
- g2 —y 72
Z=_IRT% (,)ZCZ R ‘\ > VE
1
SA e
J (100)* x (107> 3 )
in o
=400 +10° @=10°Q G
1 1 . Fig. 7.27 A series LCR-circuit.
2. Xe=m—x= - =32x10'Q
2nfC 2x3.14 x50 x0.1x 10
Let I be the current in the series circuit at any
Z=R?+ X2 =100+ 1024 x10° =32x10*Q  instant. Then )
g
€ . = i i
gl ;,5 it ll.‘![)04 ~314x10%A =314 mA. 1 Voitag_e_ .1?8 RT acr(j’ss the resistance R wfl_be_
it in phase with current I . So phasors 17;{ and | are
3 a2 gl RL 99 Lang in same direction, as shown in Fig. 7.28. The
mns T e ‘ ‘? ;
ail amplitude of Vj, is
Z=a=6259 VR_IR |
i Jzz _R?= J6252 1252 2. Voltage ‘7 X, T across the inductance Lis
750 % 500 = 612.37 ahead of c current I in phase by /2 rad. So phasor
1 g s ' \7 lies /2 rad anticlockwise w.r.t. the phasor
or —— =612.
2nfC T Its amplitude is
i 1 Ly
€= 2 xa1axs0x61237 Yo = ToXy s
=52 x10°F =82 F. 3. Voltage \7 =X I across the capacitance C lags
X = £ 1 1! —318x10°Q behind the current T in phase by n/2 rad. So
20 £ C atiiiiling> - ™ phasor V lies /2 clockwise w.r.t. the phasor T
1ML Vind __ 220 5 —007A. Its amphtude is
il 3.18x1 E.
i % =hX
Vo=+2V,, =1414x220=311 V.
Xc 40 4
6. tand= Zc =-—
¢ Ri20 ' |5
14 =
=tan ' —.
L 3 W
7. Reactance, X = Zzil p2 %
Z e
7. JA<SERIES LCR-CIRCUIT
13.. Usmg phasor dmgram, derive an expression for

the impedance of a series LCR-circuit.

connected in series to a source of alternating emf €
given by

E:Ensinmt

Fig. 7.28 Phasor diagram fora Fig. 7.29 Impedance
Series LCR-circuit. As shown in Fig. 7.27, suppose a  series LCR-circuit when
resistance R, an inductance L and capacitance C are V; >V

triangle when X; > X,.

As 17;_ and 17;: are in opposite directions, their
resultant is ( VL —17(;). By parallelogram law, the
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resu]tént of 17; and (\7{ - 17::) must be equal to the

applied emf € , given by the diagonal of the
parallelogram.

Using Pythagorean theorem, we get
€2 = (V" + (V)" - V© )
= (I,R)? + (I,X, - [X- )
= IZ[R® +(X, - X )]
E’U
VR + (X, - X )

Clearly, ,/ R®+ (X, - Xc )2 is the effective resistance of

the series LCR-circuit which opposes qusimpedes the flow of
current through it and is called its impedance. It is
denoted by Z and its SI unit is ohm (Q). Thus

7
Z=JR’-+(X,_ -X.) =JR.2 +{mL--(:—C]

The relationship between the resistance R,
inductive reactance X, capacitive reactance X. and
the impedance Z is shown in Fig. 7.29. The right angled
A OAP is called the impedance triangle.

or Iﬂ =

Special Cases

1. When X; > X, or V; >V, we see from Fig. 7.28
that emf is ahead of current by phase angle ¢
which is given by

X, - )
tand;:’“—RX‘; or cusd):—;;

The instantaneous current in the circuit will be
I =1, sin (ot = ¢)
The series LCR-circuit is said to be inductive.
When X; <X or V, <V, we see from Fig. 7.30
that current is ahead of emf by phase angle ¢
which is given by
_Xe =X, _R
tan ¢ = o or cos ¢_E
The instantaneous current in circuit will be
~ I=I;sin (ot +¢)

The series LCR-circuit is said to be capacitive.
3. When X, =X. or V, =V, ¢=0, the emf and

current will be in the same phase. The series

LCR-circuit said to be purely resistive.

It may also be noted that
B i 8 g
IU=E° or ;=T°2E or I,m:—zﬂ

PHYSICS-XII

Z
X=X
AC i
R

Fig. 7.30 Phasor diagram for a
series LCR-circuit when V; <V,.

Fig. 7.31 Impedance
triangle when X; < X...

14. Define the terms susceptance and admittance.
Give their units.

Susceptance. The reciprocal of the reactance of an a.c.
circuit is called its susceptance. Its ST unitis ohm ™! or mho.

Admittance. The reciprocal of the impedance of an a.c.
circuit is called its admittance. Its ST unit is ohm ™ ' or mho.

7.12 RESONANCE CONDITION OF
A SERIES LCR-CIRCUIT

15. What do you mean by the resonance condition of a
series LCR-circuit ? Calculate its resonant frequency.

Resonance condition of a series LCR-circuit. A series
LCR-circuit is said to be in the resonance condition when the
current through it has its maximum value.

The current amplitude I, for a series LCR-circuit is

iven b
gl y Eo

{2
R*+|oL-——|
oC

Clearly, I, becomes zero both for ® = 0 and ® — «.
The value of I, is maximum when

Iy=

1 1
L-—=0 =
i or @ TC
2
Then impedance, Z = \’Rz - (mL— L] =R
oC

Clearly 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.
This condition of the LCR-circuit is called resonance
condition. The frequency at which the current ampli-
tude [, attains a peak value is called natural or resonant
frequency of the LCR-circuit and is denoted by f..

1 1
Th D e S e
ve 0,29 STTE T BN
The current amplitude at resonant frequency will be
I =E

=0
R
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16. Give some of the important characteristics of the
series resonant circuit.

Characteristics of series resonant circuit :
1. Resonance occurs in a series LCR-circuit when

X, =X :
2. Resonant frequency, f. = — .

pency, Jr 2n+LC
3. The impedance is minimum and purely resistive.
4. The current has a maximum value of(EU,f R)at
resonant condition.

5. The power dissipated in the circuit is maximum
and is equal to €2 /R.

rms
6. The current is in phase with the voltage or the
power factor is unity (cos ¢ =1 when ¢=0).
7. Series resonance can occur at all values of
resistance R.

8. The voltage across Ris equal to the applied emf.

9. The voltages across Land C are equal and have a
phase difference of 180° and so their resultant is
zero.

The voltages across L and C are very high as
compared to the applied voltage. Hence a series
LCR-circuit is used to obtain a large magni-
fication of a.c. voltage.

10.

11. The series resonant circuit is also called an
acceptor circuit. When a number of frequencies
are fed to it, it accepts only one frequency f, and
rejects the other frequencies. The current is

maximum for this frequency.

For Your Knowledge

> Resonance occurs in a series LCR-circuit when |
X, =X or o, = 1/ JLC. For resonance to occur, the
| presence of both L and 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 €/ R i.e., the total source voltage |
i will appear across R. So we cannot have resonance in
'LR-and LC-circuits.

7.13 SHARPNESS OF RESONANCE :
Q-FACTOR

17. What do you mean by sharpness of resonance in a
series resonant circuit ? Find expression for Q-factor of
the circuit. :

Sharpness of resonance : Q-Factor. Fig. 7.32 shows
the variation of current amplitude [, in a series
LCR-circuit with angular frequency «, for three
different values of R. The current amplitude has a peak

7.23

at the resonant frequency o, = e and falls to zero in

JLC
either 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. The sharpness of resonance is measured by a
coefficient called the quality or Q-factor of the circuit.

Low R

Fig. 7.32 Variation of current amplitude with
frequency in an LCR-circuit.

The Q-factor of a series resonant circuit is defined as
the ratio of the resonant frequency to the difference in two
frequencies taken on both sides of the resonant frequency
such that at each frequency, the current amplitude becomes

times the value at resonant frequency.

V2
Mathematically, the Q-factor can be expressed as
®, o, Resonant frequency
0, -0, 2Ao Bandwidth
where o, and ®, are the frequencies at which the

Q=

current falls to -J]-i— times its resonant value, as shown in
Fig. 7.33 and we have used

(olzmrmAm; 0, =0, + Ao

Bandwidth

'
I
|
|
1
1
1
L
1
1
[
i
(l
[
1

1
I
1
I
1
1
]
]
I
'
i
I
1
i
'
'

o, o, o —»

W,

Fig. 7.33 Bandwidth of a series resonant circuit.
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The frequency range ®, — ®, =2Ao is called band-

width. The larger the value of Q-factor, the smaller is
the value of 2Aw or the bandwidth and sharper is the
peak in the current. Q-factor is a dimensionless quantity.

Expression for O-factor. Clearly at o, the impedance
is equal to R, while at », and o, its value is v2 R.

Z=\/R2+[wL~LT =2 R

oC
Iy 1
or R2+(mL——] =2R? or olL-—=%R
oC oC
We can write
1
et S < 61
o ©,C (1)
and mZL—ElE =+ R - A2)
Adding (1) and (2), we get
1ot
L-—|—= (=0
st C[ e e )
1
or 0y o =
Subtracting (1) from (2), we get
1[0 -0
(o, —w1)L+—(——}=2 R
Cl o0,
1
or {(02—031)[144- }=2R
Co, @,

1
or (0, - L+ D=2 R [ m]mZ=E:|
or =

NN
= b = @y -2’;{' 3
e 2A0 ‘”1““‘2' R ®)
The above equation can also be written as
B o, L1, _Voltage drop across I or C)
R I Applied voltage
= Voltage magnification

Thus the Q-factor of a series LCR-circuit may also be
defined as the ratio of the voltage drop across the inductance
(or capacitance) at resonance to the applied voltage.

1
Al
mf:—-l—- or olL= :
LC o,C

Using the above relations, we get

PHYSICS-XII

From equation (3), we see that if Q-factor is large
ie., if Ris low or Lis large, the bandwidth 2 Awis small.
This means that the resonance is sharp or the series
resonant circuit is more selective.

18. Describe the use of a series resonant circuit in the
tuning of a radio receiver.

Tuning of a 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 f, =«§-1—JE_E. If Q-value of the

circuit is large, the
signals of the other
stations will be very
weak. By changing I To receiver
the wvalue of the C

adjustable capacitor T

C, the signal from the

desired s_taliorl Can Fig. 7.34  Series resonant circuit.
be tuned in.

Antenna

Examples based on
Series L CR-Circuit, its Resonance

and Q-Factor

Formulae Used
1. Impedance of a series LCR-circuit,
€ s

2
s = [R4 (X, - X = Rh(m{.-lc)

rms o

Z=

2. Phase angle ¢ between current and voltage is given by
X, -X R
tan =¥ -
T gt
3. Resonant frequency of LCR-series circuit (when
X, =Xc)

T
" 2x4LC
! =m«_L=1‘{'_f
o Wy — o R R\NC
where ®; and o, are the frequencies at which
current falls to 1/+/2 times its resonant value.

Units Used

R, X, X- and Z are all in ohm, inductance L in

henry, capacitance Cin farad, angular frequencies
oy, 0, and ®_ in rad o
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Example 37. Determine the impedance of a series (i) Inductive reactance,
LCR-circuit if the reactance of C and L are250 Q and 220 © X, =2% fL=2x314x60x0.3=113.04Q
respectively and R is 40 Q. [CBSE F 94C] Capasitive veaciirion

Solution. Here X. =250Q, X; =220Q, R=40Q 1 1

Impedance, e "2nfC 2x3.14x60x60x107°

Z=JR* +(X, -K.F =4423Q
Net react
= /40% + (220 —250)* = /1600 + 900 =500Q. i s

= X, - X =113.04 - 44.23 =68.81Q
Example 38. A resistor of 50 ohm, an inductor of (20 / ) Impedance,
H and a capacitor of (5/ n) uF are connected in series to a

voltage source 230 V, 50 Hz. Find the impedance of the L= JRZ +(X —)(C):z =\/502 + (68.81}2
] ] CBSE OD 0
R A x — /2500 + 47348 =72348 = 85 Q.
Solution. Here R=50Q, L= 2 H, (if) Current in the circuit is
3 o Fe2x 1070 Vr 120
C=="pF==x10"°F, € =230V, f=50Hz = B A
L of f ly=— == =141A.
20
X; =2nf L=—x2 x nx 50 =2000 Q Example 41. A resistor of 12 ohm, a capacitor of reactance
T ; ;
1 1 14 ohm and a pure inductor of inductance 0.1 henry are

X. = = =% =2000Q joined in series and placed across a 200 volt, 50 Hz a.c.
Cx2nf (5/m)x10°x2xnx50 supply. Calculate

Z=4f R? + (X, - X- }2 (i) the current in the circuit and

3 2 (if) the phase angle between the current and the voltage.
= \/(50) +(2000 —2000) Take m =3 for purpose of calculations.

=4/2500 Q =50 Q. Solution. Here R=12Q, X. =14Q, L=0.1H
Example 39. What will be the readings in the voltmeter €. =200V, f=50Hz
! e 3 off ’
and anmeter of the circuit shown in Fig. 7.35
Impedance,
' %)
_I_ - z=JR+(X, - X_)
Xc=4Q 0vVE and X, =oL=2nf L=2x3x 50x0.1=30Q
_ Z =,J(12)? + (30-14) = /144 + 256 Q
X, =4Q R=45Q or Z =+400 =20 Q.
Fig. 7.35 ‘ { ¢ current in the circuit,
Solution. Impedance of the circuit is Iﬁ E, _Eﬁ = 200 10 A
? 20

= [p2 ~ ¥ 2 = [452 AP =
Z_JR g .XC) J45 e (ii) The phase angle ¢ between the current and

3 P
Reading of the ammeter =1 = =-"" = %q oAl voltage is given by
Z 5 XL_XC=30_14=E=4

\ t = = =1.3333
Reading of tlze ;oltmeterj WL an ¢ R 2 12 3
=(Xp —Xc) Lys =(4-4)x2 =0. 6= tan™' (1.3333) = 53.1°.

Example 40. A 0.3 H inductor, 60 uF capacitor and a
50 Q resistor are connected in series with a 120 V, 60 Hz
supply. Calculate

Example 42. Figure 7.36 shows series LCR circuit with
L= 5.0 H, C=80pF, R=40Q connected to a variable

(i) impedance of the circuit frequency 240 V source. Calculate : R

(if) current flowing in the circuit. [CBSE F 94] (1) the angular frequency of -

Solution, Here L=0.3 H, C=60 uF=60x 107 E the source which drives the &
\ =0. - = ;

circuit at resonance.

R=50Q, V,, =120V, f=60Hz Fig. 7.36
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(ii) the current at the resonating frequency.

(iii) the rms potential drop across the capacitor at
resonance. [CBSED 12] . 1

(if) ly=—D="—=100A

Solution. Here V,, =240V, L=50H, | Sesdg Ao~ lg e
C=80puF=80x10°F, R=40Q - 100
1 1 A 2x3x50x11x 107
() o, = = =50rads . 4
" JLC 5x80x107® =1i'g%=3os.osv.

Example 45. An inductor coil joined to a 6 V battery

(i7) At resonance, Z=R=40Q
' draws a steady current of 12 A. This coil is connected in

Voms 240 _

P ]
Tms = Z 40 B series to a capacitor and a.c. source of alternating emf 6 V. If
1 1 the current in the circuit is in phase with the emf, find the
(i) VS, =T, X =6x —————==1500 V. s current.
o C 50x80x10
Solution. Resistance of the coil,
Example 43. A resistor of resistanice 400€), and a capacitor vV 6
of reactance 200}, are connected in series to a 220 V, 50 Hz, R=—=—=05Q
a.c. source. If the current in the circuit is 0.49 ampere, find = :
the (i) voltage across the resistor and capacitor (ii) value of In the a.c. circuit, the current is in phase with the
inductance required so that voltage and current are in phase. ©
[CBSE Sample Paper 11] .. Impedance,
Solution. Here R =400Q, X, =2000, Z=R=05Q, I - S a0 s
f=50Hz, I, =049 A Z 05

Example 46. A radio wave of wavelength 300 m can be

transmitted by a transmission centre. A condenser of

vE = I, X =0.49x200 =98V. capm;ity 2.? WF is available. Calculate the inductance of the
required coil for resonance.

() VR =1, R=049x400=196V

rms

rms

(B)As Viand d are: in.banic JRuE. Solution. Frequency of the radio wave,

XL=XC or 21ﬂ=xc ! v_c_3x108-_1061_12
X. _ 200x7 aE
=t =——F"—=2£10,64 H.
2nf 2x22x50 For resonance,
. L 1 1

Example 44. A resistance of 2 ohms, a coil of inductance ‘ v= or Ve
0.01 H are connected in series with a capacitor, and put 2nVLC 4n* LC
across a 200 volt, 50 Hz supply. Calculate : . Inductance,

(i) the capacitance of the capacitor so that the circuit o~ 1

resonates. CeNEE
(i) the current and voltage across the capacitor at 1
resonance. (Take t =3 ) [CBSE D 99C] T 4x9.87 (105)3)(2.4:( 106

Solution. Here R=2Q, L=0.01H Eeﬁ =200V, :

f=50Hz =1.055 x 10° H.
N R = Example 47. A 25.0 pF capacitor, a 0.10 henry inductor
@ esonancc; bt and a 25.0 ohm resistor are connected in series with an A.C.
¥ ®ic source whose emf is given by € =310 sin 314 ¢ (volt).
& 1 1 (i) What is the frequency of the emf ?
C= = (i) What is the reactance of the circuit ?
4n? 2L 4x (3)% x (50)% x (0.
j ; R : pix (51 e (iii) What is the impedance of the circuit ?

ol o (iv) What is the current of the circuit ? -
X3 X X U
(v) What is the phase angle of the current by which it
=0.0011F=11x10"*F. leads or lags the applied emf ?
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(vi) What is the expression for the instantane s 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 ? [CBSE OD 95, upto part (iv)]
Solution. (i) Given & =310 sin 314 ¢ (volt)

Comparing it with € =€ sin2 n ft, we get

21’[f=3]4 or f=ﬁ= 314 =
2 27314
(if) X = L ] -=1273Q
2n fC 2x22x50x25x10”
[--1uF=107°F]

X, =27 f L=2x 2 x 50x0.1=314Q
7

As X, and X are out of phase by 180°, therefore,
Net reactance
=X. -X; =127.3-314=9590Q
and it is capacitive.
(iif) Impedance,
Z=R? +(X. - X, * =/25) +(95.9)°
= /625 +9196.81 = /9821.81 = 99.1Q.

(iv) Effective current,

-
C SO

But E =Eﬂ_=@=220v
T2 2

Hence ¢="75.4° or 1.31 rad.

As the circuit is capacitive, the current leads the
voltage by 75.4°.

(vi) The instantaneous current is given by

I=1,sin (2~ ft + ¢)

Io=IyV2 =22242 =313 A
I=3.13sin (3141 + 1.31).

(vii) Effective voltage across the capacitor is
Ve = Iy Xo =222 x127.3=282.6 V

But

~J
bo
~J

Effective voltage across the inductor is
Vi =l X =222 x31.4=69.7 V
Effective voltage across the resistor is
Vg = Iy R=2.22x25=555V. .
(viif) Vector diagram of voltages is shown in
Fig. 7.37.

V,(69.7V) A

Ve (555V)

Y Vc(2826V)

Fig. 7.37

(ix) Impedance, Z =1’R2 +(X, —XC)2

Z is minimum, if X; =X

1
if 2 N=
ori nf 27 fC
1 7x7
X ST = e FPRY] 3
4 f2C  422)%(50) x 25x 10”
=0.405 H.

Example 48. A 2 uF 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 inductive and capacitive reactances of the circuit,
(if) total impedance of the circuit,
(ifi) 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. [1SCE 98]
Solution. Here C=2 pF=2x 10°° F R=100Q,
L=8HE =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.
1 10°

1
= = =—=39.8 Hz.
5 2rVLC 2p [8x2x10"% 8=n
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() X, or X, at resonant frequency,
=2nf, L=2mx E =2000 Q.
8m
(i) Total impedance at resonance, Z= R =100£.
(iif) Peak value of current,
b & W,
Z R 100

(iv) Phase difference between voltages across inductor

and resistor = 90°.
(v) Phase difference between voltages across inductor

and capacitor = 180°.

Example 49. 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.

Solution. Here f, =800 Hz, f, =745 Hz, f, =855 Hz
: 800 800

f,—f, 85-745 110
(ii) Bandwidth = f, - f, =855 —745 = 110 Hz.

=7.27.

(
)roblems For Practice

1. A resistor of 50 Q, an inductor of 20/ = H and a capa-
citor of 5/ n pF are connected in series to a voltage
supply of 230 V - 50 Hz. Find the impedance of the
circuit. (Ans. 50 Q)
A 40 Q resistor, 3 mH inductor and 2 uF capacitor
are connected in series to a 110 V, 5000 Hz a.c.
source. Calculate the value of the current in the
circuit. (,-'\n;,-_ 1.25 A)
3. A capacitor of unknown capacitance, a resistance of
100Q and an inductor of self-inductance L(= 4/r%)
henry are connected in series across an a.c. source
of 200V and 50 Hz. Calculate the value of the
capacitance and the current that flows in the circuit
when the current is in phase with the voltage.
[CBSE OD 13C] (Ans. 25uF, 2 A)

4. A 50pF capacitor, 0.05 H inductor and a 48Q
resistor are connected in series with an a.c. source
of emf, € = 310sin 314 t. Calculate the reactance of
the circuit and tell its nature. What is the phase
angle between the current and the applied emf ?
[Ans, 48 Q (capacitive), 45° (current leads voltage)]
An LCR-series circuit with L= 100 mH, C = 100 uF,
R=120Q is connected to an a.c. source of emf
€ =30sin 100t volt. Find the impedance, peak
current and resonant frequency of the circuit.
(Ans. 150Q, 0.2 A, 50 Hz)

6. A 12Q resistance and an inductance of 0.05 / t H
with negligible resistance are connected in series.

[

w

PHYSICS-XII

Across the ends of this is connected a 130 V
alternating voltage of frequency 50 Hz. Calculate
the alternating current in the circuit and the
potential difference across the resistance and across
the inductance. [CBSE D 2000C]

(Ans. 10°A, 120 V, 50 V)

A capacitor, resistor of 5, and an inductor of 50 mH
are in series with an a.c. source marked 100 V, 50 Hz.
It is found that voltage is in phase with the current.
Calculate the capacitance of the capacitor and the
impedance of the circuit. [CBSE D 99]

(Ans. 2.02x 10 F,50)
In the a.c. circuit shown in Fig. 7.38, the main
supply has constant voltage but variable frequency.
For what frequency will the voltage across the
resistance R be maximum ? (Ans. 500 Hz)

Fig. 7.38

g

10.

Fig.

An a.c. source of frequency 50 hertz is connected to
a 50 mH inductor and a bulb. The bulb glows with
some brightness. Calculate the capacitance of the
capacitor to be connected in series with the circuit,
so that the bulb glows with maximum brightness.
[CBSE D 2000] (Ans. 2.02x 107 F)

A 200 km long telegraph wire has a capacity of
0.014 pF per km. If it carries an alternating current
of 50 kHz, what should be the value of an
inductance required to be connected in series so
that impedance is minimum ? Take 7 = +/10.

(Ans. 0.357 mH)

. A series LCR circuit with L=4.0 H, C = 100 uF and

7.39

R =600 is connected to a variable frequency 240 V
source as shown in Fig. 7.39.
R

Calculate :

(i) the angular frequency of the source which
drives the circuit at resonance.

(i) the current at the resonating frequency.

(iii) the rms potential drop across the inductor at
resonance. [CBSE D 12]

[Ans. (i) 50rads™ (i) 4 A (iii) 800 V]
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2. A scries LCR-circuit is connected to an ac source

(200 vV, 50 Hz). The voltages across the resistor,
capacitor and inductor are respectively 200 V, 250 V
and 250 V.

(i) The algebraic sum of the voltages across the
three elements is greater than the voltage of the
source. How is this paradox resolved ?

(ii) Given the value of the resistance R is 400,
calculate the current in the circuit. [CBSE F13]

Figure 7.39 shows a series LCR circuit connected to
a variable frequency 220 V source with L=80mH,
C = 50uF and R = 60€. Determine :

(i) the source frequency which derives the circuit
in resonance ;
(if) the quality factor (Q) of the circuit.

[CBSE OD 14C]  [Ans. (i) 80 Hz (i) 0.67]
Compute the resonant frequency and the Q-factor
of a series LCR-circuit having L=4.0H, C=36puF
=36x10° F and R =10/3Q. How can the sharp-
ness of the resonance of the circuit be improved by
a factor of 2 by reducing its full width at half
maximum ? (Ans. 250/3 rad s, to double Q,

R should be halved)

HINTS

1.

o

X, =2nfL=2n x50><%=20009

1 1

x = = =2m:n
€7 2nfC 27 x50%(5/7) x10°

Z =R + (X, ~ X)? =/507 + (2000 — 2000)?
=500
Proceed as in Example 40 on page 7.25.

3. As current and voltage are in phase,

1
XL=XC or 27ﬁ=ﬁ
4 4n? 7L 4n’(50)%(4/=%) 40000
I =Erms'=em =@=
. Z R 100

Proceed as in Exercise 7.21 on page 7.72.
Here €,=30V, ©=100rads™

Reactance, X = (L oL
oC

1
100 x 100 x10°°

=100-10=90Q
-. Impedance,
z= R+ x* =] 20% + 9% =150Q

—~100x100x1073

N
b
O

€, 30
Peak current, [, =-2=-""=02A
i il =
Resonant frequency,
il 1
" 2rJLC
1 1

27 V100107 x100x10°°

6. Z=R+(2nf L}
0.05

2
=Jl2z+(2n)<50x——] =130
b4
=4 rms

130
[, ==t - "2 10 A
sl CATRIE

Ve=1, R=10x12=120V

0.05

X, =2n f L=2mx50x 1: =50

V=1
7. For current to be in phase with voltage,
Xe=X,
1
2n f C
h 1 1l 1x7x7
4n? _f2 j il 4x22><22x(5(])2 %50 x 1073
=202x10* F.
Impedance,

Z= R + (X, - X =R=5Q.

8. For voltage across R to be maximum,

X, =10x5=50V.

rms °

or =2n f L

8

X, = X. or ﬁ:Zx)"L
i
f_Zﬁ:JE
= ] - 500 Hz.
2n ;xzxm"'
n =T

9. Here f=50Hz, L=50mH=0.05H
The bulb will glow with maximum brightness
when impedance is minimum ie,,

=2n f L

1
X=X
ikt bl =y
1 1
DAy s e 2
4n” f° L  4x9.87 x(50)" x0.05

= 2.02x107*F.

10. C=0.014 x 200 = 2.8 uF = 2.8x10°°F,
f=5kHz=5x10> Hz
Z is minimum when X, = X
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1
2r f C
{111 1
4n’f2C 4x10x(5x10°)? x2.8x107°
=0.357 x 10°H = 0.357 mH.
11. Proceed as in Example 42 on page 7.25.

12. (i) The algebraic sum of the voltages across the
three elements is greater than the voltage of the
source because these voltages are not in same
phase.

By using a phase diagram, we see that

Vg = V2 (v, -V P

= /2007 + (250 250)% =200 V

or 2n f L=

(i) 1 =V_‘f=f21=@=5n.
Az R 1T 40
13. ,
0 o =7z
1 L |
= =500 rad s
J80x107 x50x107°
®, 500 _
=L =-""=80Hz
5 2r  2=n
TG e L
(i) Q B
~3
_500x80x10° 4 _2_,
60 6 3

14. Proceed as in Exercise 7.21 on page 7.72.

7.14 CHOKE COIL*

19. What is a choke coil ? Explain its action in a.c.
circuits, Why is it preferred to resistance in a.c. circuits 7

Choke coil. A choke coil is simply an inductor with
"urge 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 a phase angle of /2 rad.

Construction. It is made of thick insulated copper
wire wound closely in a large number of turns over a
soft-iron laminated core. Choke coil offers a large
reactance X, =2nf 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. 7.40, 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.

PHYSICS-XII

L R
~)
oy
V=V,sin ot

Fig. 7.40 Choke coil.

Average power dissipated per cycle in the circuit is
R
B,

“"=Vdf Il}ff cos ¢= Ve,ff I‘f.m.

Inductance L of the choke coil is very large so that
R <<oL. Then

Power factor, cos ¢= R 0
®

i.e., Average power dissipated by the coil is very small.
As Z=\R*+ &’ 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
use of choke coil, the voltage is reduced to an
appropriate value, without wasting any power. Choke
coils are also used in various electronic circuits,
mercury lamp and in sodium vapour lamp.

7.15 POWER IN AN A.C. CIRCUIT

20. Define power for an a.c. circuit. Derive an expre-
ssion” for the average power of a series LCR-circuit
connected to an a.c. source. Discuss the various special
cases.

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
€ and current I vary sinusoidally with time and are
generally not in 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
€= EB sinot and [=[;sin (ot -¢)
where ¢is the phase angle by which the voltage € leads
the current I.
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The instantaneous power is given by
P=EI=E I, sin ot .sin (of - ¢)

= Eﬂz-!-(l [2 sinwt.sin(wt - ¢)]

=§92—IQ[ cos ¢ — cos (2ot — ¢) |
[-2sin Asin B=cos(A— B)—cos(A+ B)]
Average power dissipated per cycle
= Average of E;—I”[cos:b— cos(2 wf —§)].

The second cosine term [cos(2wt—¢)] is time-
dependent. Its average over a cycle is zero.

€1y
E, = T cos¢
& 1
or R""=Tzﬂ'7_ﬂz_'ms¢
R
or Erms rins cos # Erms rms ° z
Special Cases

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

2
P =€ s X126 »Ef—m

an rms ° rms ° rms = R

2. Pure inductive circuit. Here the voltage leads the

current in phase by ZE, i3 ¢=2£

RS o

av rims rims

=0

A

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

3. Pure capacitive circuit. Here the vultage lags
behind thecurrentmphaseby ie., ¢-—-

b1y
5rms £O5 (_ 5] =0

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,

g Ky
P, =€ .1, cos¢, where ¢=tan 1 X, 7% Some-
times, ¢ may have a non-zero value for series LR-, LC-
and LCR-circuits. So power is consumed in such
circuits, but only in the resistor R.
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7.16 POWER FACTOR

21. What do you mean by power factor of an a.c.
circuit ? Write an expression for it. When is the value of the
power factor of an a.c. circuit minimum and maximum ?

Power Factor. The average power of an a.c. circuit
is given by
P =€ I

av rms * cos ¢

rms
Average power

= Virtual emf x Virtual current x cos ¢

The product Emls ms 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 1. The power factor of a series
LCR-circuit is given by

R R

cos = —
Z \/R2+(mL l;'mC)

For a purely inductive or capacitive circuit, ¢=90°.

.. Power factor = cos 90° =0.

Thus the power factor assumes the minimum value
for a purely inductive or capacitive circuit.

For a purely resistive circuit, $=0°.

*. Power factor = cos 0° =

Thus the power factor assumes the maximum value
for a purely resistive circuit.

7}24%11‘&55 CURRENT

t is wattless current ? When is the current in
an a.c. circuit wattless ?

Wattless current. The current in a.c. circuit is said to be
wattless if the average power consumed in the circuit is zero.
The average power of an a.c. circuit is given by

p =€ I

av rms rms

cos ¢

5. Power dissipated at resonance in LCR-circuit. Fig. 7.41 A phasor diagram.

At resornce, X; =X, and ¢=0. So cos ¢=1, and
P =€ i . Thatis, maximum power is dissipated in

aw rms !
the circuit (through K ot resonance.

Figure 7.41 shows the phase angle ¢ between €
and I, . The current I, can be resolved into two
components :
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(a) Component 1, cos ¢ along €
angle between I, _cos ¢and €

rms
P, =&

. As the phase
. is zero, therefore

rms( s cos ¢) C(EU Erms rms Has ¢

(b) Component I__ sin ¢normal to E

rms

sin pand €

. As the phase
angle between [

L 2, theretore

m IS

i T
P T E’rrns( rms S $). cos E =0

We call the component [ _sin¢ as the idle or

rms
wattless current because it does not consume any
power in a.c. circuit. This happens in a purely
inductive or capacitive circuit in which the voltage and

current differ by a phase angle of E, ie,p==% g, so that

B =€

av rms rms

cos(x w/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.

7.18 AVERAGE POWER ASSOCIATED
WITH A RESISTOR

23. Prove that an ideal resistor dissipates power of
V2 s/ Rin an a.c. circuit.

Average power associated with resistor. Ifrcaseof a
pure resistor, the voltage and current are always in
same phase. So we can write the instantaneous values
of voltage and current as follows :

V=V;sinot and [=I[;sin of
Work done in small time dt will be
dW = P dt = VI dt =V, I sin® ot dt

=K‘-’2~Iﬂ(l—c052 ot) dt

The average power dissipated per cycle in the
resistor will be

T
w 1
P=—==| daw
i TIO
A V. sin2ot]’
=00 (1-cos2 wt)dt=—"L20|¢— ]
21‘-{0( . 21"[ 8
) Vil Voly Vi
°[(T -0)-0]=—20=
2 2R
Vb 3 v
or P \/“ J_ rms nm Em |i _g = Vr:us:|
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7.19 ENERGY AND AVERAGE POWER
ASSOCIATED WITH A PURE INDUCTOR

24. Derive an expression for the energy stored in an
inductor.

Energy stored in an 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. This energy is stored in the inductor as magnetic
field energy.

Let I be the current through the inductor Lat any
instant t. The current rises at the rate dI/dl. So the
induced emf is

The work done against the induced emf in small
time dt is
dW = Pdt=-&l dt =+ L% Idt=LIdl

The total work done in building up the current
from 0 to [, is

Ig P Iy 1
W=[dw=[ LEdl=Ef—{ =—E>
3 2. ‘2 0

This work done is stored as the magnetic field
energy U in the inductor.

i
25. Prove that 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 :

V =V, sin ot

I=Iosin(mt—3)
2

=-1, sin[g‘wt)=~fu cos wf

and

Work done in small time dt is
dW = Pdt=- V, I sin ot cos ot dt

VZI” sin 2ot dt
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The average power dissipated per cycle in the
inductor is :

Pﬂ =H=
T

1 T

5 = [ aw

T 0

T
=—Z‘ﬁj sin 2 of dt
aT *

Vol [cos Zwt] T Voly [

=+ 1
Zr 20 |, 4Tw

4 T-
cos — I
s A

Vil
= MIcv:.is4-1':—(:vr.\s()]=M[l -1]
4Tw 4Tw

=0
Thus the average power dissipated per cycle in an
inductor is zero.

-~

For Your Knowledge

> The energy stored in an inductor resides in the region
of its magnetic field.

= 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 of 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. D/
7.20 ENERGY AND AVERAGE POWER
ASSOCIATED WITH A PURE CAPACITOR

26. Derive an expression for the energy stored in a
capacitor.

Energy stored in a 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
i -4
C
Suppose now a small additional charge dq be dis-
placed from one plate to another. Then work done is

dW=qu=—g—dq

.. Total work done in displacing a charge q from
one plate to another is

faw-] ¢
W= =| —dg=
0 o €

0 S

M| =

7.33

This energy is stored as the electrostatic energy U
in the capacitor.

[ q=CV]

27. Prove that 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 mn/2 radian. So we write the
expressions for instantaneous voltage and current as
follows :

V =V, sin of
and I= Insin(mt+E)=Io cos ot
2

Work done in the circuit in small time dt will be

dW = Pdt = VI dt = VI, sin ot cos wt dt

V.
=;—I°sin2mtdt

The average power dissipated per cycle in the
capacitor is

sin 2wt df

20 20 0
T
ﬁ[ 4n ,}
4To B Sl
v,
=-—ﬂfﬂ[ms 4m - cos 0]
4Tw

Vil
=—_00[1-1]=0
4Tw

Thus the average power dissipated per cycle in a

capacitor is zero.

(@ For Your Knowledge )

> Energy stored in a capacitor resides in the region of its
electric field.

= 'meextemaisnuroehasmsupplymmergyécvzto

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

Formulae Used
1. Average power consumed per cycle in any a.c
circuit, P, =€ I cos ¢,
€ . .1, is the apparent power

2. Power factor, cos ¢ = . = B

ZH IR XX

3. Average power consumed per cycle in a pure
resistive circuit,

2 2
P _EQ_E Emlea
an 2R rms "t Crms R

4. Energy stored in an inductor, U = % L2

5. Average power consumed per cycle in pure
inductive circuit = 0.
(o

1

v

7. Average power consumed per cycle in a pure
capacitive circuit = 0.

8. For an LCR-circuit in resonance,

6. Energy stored in a capacitor, U_E cvi=

- 1
XszcaIIdf;:m'

Units Used

Power B is in watt, current [ _ in ampere,

voltage E in volt, uﬁietanoe I in henry,
capacitance e C in farad, energy U in joule and
R X, X~ mdza,waﬂm ohm.

Example 50. 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. [NCERT]
Solution. Here, P,=100W, V_ =220V
(@) R= ms - @20 _ 40
P_w 100
(b) Vy =42 V,, =1414x220 =311 V.
P, 100

(€) Tppg=—2=——=045A.

N, 20

Example 51. A capacitor and a resistor are connected in
series with an a.c. source. If the potential differences across
C, Rare120 V, 90 V respectively and if the rms current of
the circuit is 3 A, calculate the (i) impedance, (ii) power
factor of the circuit. [CBSE D 06C]

PHYSICS-XII

Solution. £, = [V + V2 = /90 + 1207

= V22500 =150 V
rl"s = 3 A
E .
(i) Impedance, Z =1 _150 s,
Ir”fs 3
(if) Power factor, cos ¢ = £~ . A
150

rms

Example 52. 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. [CBSE D 06C]
‘ 200 mH C 100 ‘
LN
3 po
Fig. 7.42 505!
Solution. (i) Power factor, cos ¢ = % =1
or Z=R
=X, or ——=2nxu
o @& 1
4n° f2L  4x9.87 x (50)> x 200 x 10~
=5x10°F=50 pF.
1 L 154200107
if) Q-factor = — _|— ——— =6.32.
G € 10 5x107°

Example 53. An alternating voltage € =200 sin 300 ¢ is
applied across a series combination of R=10Q and an
inductor of 800 mH. Calculate :
(i) impedance of the circuit
(if) peak value of current in the circuit
(iit) power factor of the circuit.
Solution. Given € =200 sin 300 ¢

[CBSE OD 94]

Comparing with equation, € =€  sin of, we find that
€,=200V, ©=300rads™"

(1) Impedance,
Z=\|R? + & =10 + (300)* x (800 x 10~ 3)?
=240.2Q.
(i7) Peak value of current,
€
=2=2% _og2a
Z 2402
0 s 10
(iif) Power factor, cos ¢=— =— =0.041.
Z 2402
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Example 54. A 200 V variable frequency a.c. source is the source at which resonance occurs ? (b) Calculate the
connected to a series combination of L=5 H, C =80 pFand impedance, the current, and the power dissipated at the

R =40 Q. Calculate (i) angular frequency of the source to resonant condition. [NCERT]
get maximum current in the circuit, (ii) the current Solution. (a) Resonant frequency of the source,
amplitude at resonance and (ii1) the power dissipated in the 1
circuit. Loi— s
[CBSE OD 02] 2nJLC
Solution. Here Em =200V, L=5H, C=80yF 5 1
R=400Q 2 x 3.14 /2548 x 10> x 796 x 107
(1) Resonant angular frequency, = 222; ':4 =35.4 Hz.
1 1 4 b g
@, = - =50rads™. b) At resonance, the i is
r =JIC \/Sx 80105 (b) At resonance, impedance is
4 ZAR=-30
(;: At resonance,hZ :IR =40Q The rinis curlBRE at ¢ .
e current amplitude at resonance,
€, ~2ZE,  1414x200 = 228277 S O 255
= =25 s =707 A. z R 3
R R 40 = 66T A
(iif) Power dissipated in the circuit The power dissipated at resonance is
_E (007 _ 1000 W P, =12 R=(66.7%x3 W =13.35 kW
R 40 Obviously, the power dissipated at resonance is

4 more than the power dissipated in the non-resonant

Example 55. A sinusoidal voltage of peak value283 V an corclTai fhe above sxampls:

frequency 50 Hz is applied to a series LCR circuit in which
R=3Q, L=2548mH, and C=796 uF. Find (a) the Example 57.A virtual current of 4 A flows in a coil when
impedance of the circuit, (b) the phase difference between the it is connected in a circuit having alternating current of
voltage across the source and the currents, (c) the power frequency 50 Hz. Power consumed in the coil is 240 W.
dissipated in the circuit, and (d) the power factor. (NCERT] Calculate the inductance of the coil if the virtual potential

Solution. Here £, =283V, f=50Hz R=3Q, differenceacrossitis 100 V.

L=2548x 10 H, C =796 x 105 F Solution. Here Ig—4A f=50Hz, L,}5‘.--100\{
(@) X, =2nfL=2 x 3.14 x 50 x 2548 x 10~ =8 Q. P=240W
1 P=I2R . 240=16R
XC_zfc 2314505796 x10° O - v
b1 4 b4 x x o
o R=%=159;z=l—ﬂ=?=zsn
Z=yR?+(X, -X. ) =32 +(8-4)* =5Q. o
(b) Phase difference ¢ is given by But Z=JR*+ o’ or Z*=R*+ o’
2 p2 2 2
an g Xi=Xc 854 4 (NP -R b2 15
R 3 3 ® 2nx 50
o "
¢=tan™! S =531 S S [+ o=27 f]

100r 5=
Thus the current in the circuit lags behind the

voltage across the source by a phase angle of 53.1°. Example 58. A circuit draws a power of 550 W from a

source of 220 V, 50 Hz. The power factor of the circuit is 0.8.
I -_ e | R e T T The current in the circuit lags behind the voltage. Show that
( ) rms &5 &

a capacitor of about e 1072 F will have to be connected
Power dissipated in the circuit, 42n

P, =12 R=(40)" x 3 =4800 W.
(d) Power factor = cos ¢ = cos 53.1° = 0.6.

Example 56. Suppose the frequency of the source in the
previous example can be varied. (a) What is the frequency of

to bring its power factor to unity.
Solution. As P, = V I cos ¢
P 550 _25

I an

V,ﬁ, cos¢ 220x08 8
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B, _550x8x8 22x64

R=—4 -
12 25x 25 25
off 2
P '_'Ie_,ff R]
smd: \[1 (08) _06_3
08 4
X
But tan¢=-FL
u an ¢ R
X, = tan ¢. IRl AN
4 25
For power factor to be unity,
1
X = or wL=—
L XC oC
1 i 1 i 1 1
or e e—m— — =
oL ©X, 2nf X, 100rn 42
[vol=X]
or =Lx]0'2l‘.
42

Example 59. An emf€ =100 sin 314 t is applied across a
pure capacitor of 637 wF. Find (i) the instantaneous current I
(ii) instantaneous power P (iii) the frequency of power and
(iv) the maximum energy stored in the capacitor.

Solution. (i) Given € =100 sin 314 t volt
As the current in a capacitor leads the voltage by
90°, so the instantaneous current is given by
I=1,sin (314 t +90°) = I, cos 314 ¢
€

3
_Q= 0 =
X " 1/C €, oC

But€, =100V, ®=314rads™, C=637x107°F
I, =100 x 314 x 637 x 107 =20 A

where Iy=

Hence I=20 cos 314 f ampere.
(if) Instantaneous power,
P=EI
=100 sin 314 t x 20 cos 314 ¢
= 1000 sin 628 f watt.
(iii) Angular frequency of power, ©, =628 rad i
®
. Frequency of power, f, =" =528 _100Hz.
P 20 2«
(iv) The maximum energy stored in the capacitor is
: % c82 =1 x637x10%x 100y
=3.185J.

Example 61. A series LCR circuit is made by taking

R =100 Q, L-% H, C—@u}' This series combination is

connected across an a.c. source of 220 V, 50 Hz. Calculate

PHYSICS-XII

(i) the impedance of the circuit and (ii) the peak value of
current flowing in the circuit. Calculate the power factor of
this circuit and compare this value with the one at its

resonant frequency. [CBSE OD 08C|
Solution. Here R=100Q, L== 2 H C=—o uF,
E’rms =220 V’ f =50 Hz
% =2nfL=2:rx 50 x 2 =200Q
n
1
X, = =100Q
2’Efc 2ux50x 00 306
1
(1) Impedance,
Z [R? + (X0
= /1007 + (200 - 100)?
=100+2 =100 x 1.414 = 141.4 Q.
(i) Peak value of current,
_& _2E,, 2x220 e i
0
Z z 1002
Power factor of the given circuit
iz R__100 _1
Z 1002 V2

At resonant frequency, Z = R, so the power factor
willbe oso=R-R_1
Z R
Example 62. The current in a coil of self-inductance 2.0 H
is increasing according to I=2 sin t* ampere. Find the
amount of energy spent during the period when the current
changes from zero to 2 A. [Roorkee 91]

Solution. The energy stored in the coil when the
current changes from 0 to 2 A is

| = | 2
U=§ LI, =§x2x(2) =4].

Example 63. A 100 pF capacitor is charged with a 50 V
source supply. Then source supply is removed and the
capacitor is connected across an inductance, as a result of
which 5 A current flows through the inductance. Calculate
the value of the inductance.

Solution. Energy stored in the capacitor
= Energy stored in the inductor

o  Sayiolyy?
2 2
2 -6
e cv; =100x102><(50)2 e
I 5

Example 64. A coil has an inductance of 0.7 H and is
joined in series with a resistance of 220 Q. Find the wattless
component of the current in the circuit, when an alternating
emfof 220 V at a frequency of 50 Hz is supplied to it.
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Selution. Here L=0.7 H R=220Q,€& =220V,
f=50Hz, X; =2afL=2nx 50 x 0.7 =220Q

oL R R W,
™ JRRax? 200 2
X
Nowidinge L o) o . hmdB®
R 220
Wattless component of current = [ _sin ¢
Bt SO
f ——-\—Exsmdes —‘/i-x 2—2—0.5A.
)roblemsFoerctice

1. An ammeter shows that an alternator is delivering
20 A. The voltmeter reads 220 V, while a wattmeter
shows that 4 kW of power is being delivered. Find
the power factor. (Ans. 0.91)

2. Acircuit containing an 80 mH inductor and a 250 uF
capacitor in series is connected to a 240V, 100 rad/s
supply. The resistance of the circuit is negligible.

(i) Obtain rms value of current.
(ii) What is the total average power consumed by
the circuit ? [CBSE D 15C]
[Ans. () 7.5 A (ii) 0]

3. An a.. circuit has a resistance and an inductance
connected in series as shown in Fig. 7.43. Calculate
the current and the power factor in the circuit.

(Ans. 0.1325 A, 0.053)

100Q 50 Q
24F 10H
250 V; 50 Hz 250V, 50 Hz

Fig. 7.43 Fig. 7.44

4. Calculate the current and power factor of the circuit
shown in Fig. 7.44. (Ans. 0.16 A, 0.032)

5. In the circuit shown in Fig. 745, the potential
differences across wésistance, capacitance and
induetance are given. Find the emf of the source of
alternating current and power factor of the circuit.
(Ans. 100 V, 0.8)

‘ 80V 40V 100V 1
o\
Fig. 7.45 =

6. A group of electric bulbs has a power rating of
300W. An a.c. voltage, V = 141.4sin (314t + n/ 3)
is applied to the group. Calculate the effective
current. (Ans. 3 A)

734

7. An alternating voltage and the corresponding
current in a circuit are given by
€ = 110sin (ot + ©/6) and I = 5sin (ot — 1/ 6)
respectively. Find the impedance and the average
power dissipation in it. (Ans; 229, 1375 W)
8. Aninductor 200 mH, capacitor 500 uF, resistor 10Q
are connected in series with a 100 V, variable
frequency a.c. source. Calculate the  [CBSE D 08]
(i) frequency at which the power factor of the
circuit is unity,
(i) current amplitude at this frequency,
(iii) Q-factor: | (Ans. % Hz, 1414 A, 2)

9. An inductor of unknown value, a capacitor of
100 pF and a resistor of 10 Q are connected in series
to a 200 V, 50 Hz a.c. source. It is found that the
power factor of the circuit is unity. Calculate the
inductance of the inductor and the current
amplitude. [CBSED08] (Ans. 101.3 mH, 2828 A)

10. Find the value of the phase lag/lead between the
current and voltage in the given series LCR circuit.
Without making any other change, find the value of
the additional capacitor, such that when ‘suitably
joined’ to the capacitor (C=2pF) as shown in
Fig. 746, would make the power factor of this

circuit unity. [CBSE OD 15]
L =100 mH C=13:"F R=400Q
o0 il

o)
o
V =V, sin (1000 t + ;)

Fig. 7.46

11. A circuit containing a 80 mH inductor and a 60 uF
capacitor in series is connected to a 230 V, 50 Hz
supply. If the circuit has a resistance of 15, obtain
the average power transferred to each element of
the circuit and the total power absorbed.

[Haryana 011 (Ans. PR =7906W, P.F=0,
P =0 B =7906W)

12. A resistor R and an element X are connected in
series to an ac source of voltage. The voltage is
found to lead the current in phase by n/4 If X is
replaced by another element Y, the voltage lags
behind the current by n/4.

() Identify elements X and Y.

(ii) When both X and Y are connected in series
with R to the same source, will the power
dissipated in the circuit be maximum or
minimum ? Justify your answer. [CBSE F 13]
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HINTS
2. (i) X, =oL=100x80x107° =8Q

1 1
XL el WL L 40,0
€7 oC 100x250x107°

Impedance, Z = X - X, =320
I =--———~——A 7.5 A.

(i) There is no ohmic resistance in the circuit.
', Average power consumed per cycle = 0.
3. X, = 2nfl=2x314x50x6=18840

Z= R + X = [100° + 18847 = 188670

€, 25
=0 - = (01325 A
lrms Z = 1886.7
R 100
P factor, ~ = — =0.053,
ower T, COS § = 7 T 18867
4. X;=2mf L=2x3.14x50x10=3140Q

1

X.= = =1592Q
€ 2rfC 2x3.14x50x2x107°

Z =R+ (X, - Xo) =[50% + (3140 - 1592)% = 15490
(3 250
atlfithse U (5P
ms T Tz T 1549 i
Power factor, I s A )
ower or, COoS ¢ 7 548 .
5. E= V2 +(V, ~ Vo) =807 + (100407 =100V
As tand;*—-ﬁ;—‘fg '
VR
v
cos . R =%=0.&
JVR +\<.VL~VC> :
1414
. V. =07 1414_—#-_100
!Plff 300 |
giii e L T
e TR T 00
7 Eo=1lov-'1o=5A
T n
by w<-—)=--_-.-.
e +6 ( i) ke
E
Z=20 M0 _5ng
L 5
P' %mﬁ¢=lmx5xoos£=137.5'w.

L8 (@) B Eactor wall ?ﬂty.at resonance, because
il Z=R d :—:1
then and cos ¢ 7

4 f = 1. = . 1 HZ
Mkl e 21:.J200x10'3x500x]0'6

A 1 _ 50

T 2tx102  n
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(““D_E =J'E 1414x100

200x10"3 20
-fact _-J ‘
(iif) Q-factor i 10_6

= 1i|or || Z =4

=1414 A

N =

9, Power factor, cos ¢ =

o X=X~ or 2nflL= 2ch

1 1
42 f2C 4x9.87 x(50)% x100 x 10 ©
=0.1013 H =101.3 mH
Current amplitude,
& _A2E,. 1414x200
0T R TENHRR 1 et
10. Clearly, ® = 1000 rad s
X, = oL=1000x100x107 =100Q
1 1
Xe ™ ac T To00xaRa0
As X > X, the current leads the voltage by phase
langle ¢ given by
I A Xe-Xy |
- R 400
Thus the phase angle is 45° with the current leading
the voltage. The power factor will be unity when
¢ = 0°. Then new capacitance C'should be such that
Xo=X, =100Q

1
or — =100 or "=
i ol

ofl L

=28.28 A

500-100

=1 . ¢=45°

1 1
©x100 "~ 1000100
Clearly, we need to connect an additional capacitor
of (10 - 2) = 8 uF in parallel with the given capacitor
for making power factor equal to unity.
1. X, =2nfL=2x3.14x50 x80 x 107 = 2513Q

1
X = = T =53.059
€T 2nfC " 2x3.14 x50 x60 x 107"

Z=\R*+ (X, ~Xo) =415 + (2513 - 53.05)
=3170

F = 10uF

BR =12 R=(7.26)" x15=796.6 W.
pL=p L

™
av rms mCOSE=0.

o[-

B = 790.6 + 0+ 0= 790.6 W.

12, (i) Xis an inductor and Y is a capacitor.

i) | T cass | of FR it r:os% Ui

i
ER = |Z =+/2R

PO Ol

I‘lﬂil‘l‘l‘ls

:}—1—=
V2
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X, =NZ?-R*=y2R*-R* =R
LR

I f CR-circuit, cos~ = — = —
1 case O ~Clrcul COS4 Z JE

= Z=+2R

\ Xe=VZ?~R*=\2R*-R® =R

Clearly, X; =X,.=R

The circuit is purely resistive. The impedance is
minimum and current is maximum. Hence the
power dissipated in the circuit is maximum.

7.21 LC-OSCILLATIONS

28. What are LC-oscillations ? Explain qualitatively,
how these oscillations are produced.

LC-Oscillations. When a charged capacitor is allowed to
discharge through a non-resistive inductor, electrical
oscillations of constant amplitude and frequency are
preduced. These oscillations are called LC-oscillations.

Qualitative explanation for the production of LC-
oscillations. Fig. 7.47(a) shows a capacitor with initial
charge g, connected to an ideal inductor. The electricgl
L4
2-C
As there is no current in the circuit, the energy stored
in the magnetic field of the inductor is zero.

As the circuit is closed [Fig. 7.47(b)], the capacitor
begins to discharge itself through the inductor, causing
a current I. 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, Uy, =% L

energy stored in the charged capacitor is U, =

At a later instant [Fig. 7.47(c)], the capacitor gets fully
discharged and p.d. across its plates becomes zero. The
current reaches its maximum value I, the energ

stored in the magnetic field is —% Ll'Dz. Thus the entire

electrostatic energy of the capacitor has been con-
verted into the magnetic field energy of the inductor.

After the discharge of the capacitor is complete, the
magnetic flux linked with the inductor decreases,
inducing a current in the same direction (Lenz’s law)
as the earlier current, as shown in Fig. 7.47(d). The
current thus persists, though with decreasing
magnitude, and charges 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
charged [Fig. 7.47(¢e)]. But it is charged with a polarity
opposite to that in its initial state [Fig. 72.47(3)]. Thus the

entire energy is again stored as 21% in the electric

field of the capacitor.

7.39
1=0 I
L L >
c
1113 ¥y

L3 Ug g

® )

Fig. 7.47 The oscillations in an LC-circuit.

The capacitor begins to discharge again, sending
current in opposite direction [Fig. 7.47(f)]. The energy
is once again transferred to the magnetic field of the
inductor. Thus the process repeats in the opposite
direction [Fig. 7.47(¢) and (h)]. The circuit eventually
returns to the initial state [Fig. 7.47(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
fy- These are called LC-oscillations. If there is no loss of
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energy, the amplitude of the escillations remains
constant as shown in Fig. 7.48. Such oscillations are
called undamped oscillations.

+ Amplitude —

Time —
Fig. 7.48 Undamped oscillations.

However, the LC-oscillations are usually damped
due to the following reasons :

1. Every inductor has some resistance. This causes
energy loss as heat. The amplitude of oscilla-
tions goes on decreasing and the oscillations
finally die out.

2. 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
transmitters is based on such radiations.

29. Show that when a capacitor is discharged through
an inductor of negligible resistance, the discharge is
oscillatory and simple harmonic. Calculate its frequency.

Mathematical treatment of LC-pscillations. As
shown in Fig. 7.49, suppose a capacitor of capaci- tance
C, initially charged to g, be connected to an inductor of
inductance L. As the circuit is closed, the charge on the
capacitor begins to decrease, giving rise to a current in
the circuit.

As g decreases, [ b, L 5
increases, so ~DO0™
‘,=_-£g A Y
dt e
Induced emf across +E:'__

the inductor at any

instant Fig. 7.49 Polarity of
dI induced emf across L as I
=cih— increases in the circuit.
dt
P.D. across the capacitor at that instant .—.%
According to Kirchhoff’s loop rule,
= Lﬂ 4 i =0
dt C
2 2
or +Ld_f+i=a -.—1=-ﬁ,ﬁ=-i§
at; € dt dt  dt
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2
or d—., - ¥ g=0
d" ILC
dZ
or E;g = mﬂz g=0

where @, = % . This is a linear differential equation

of second order. It has a general solution of the form :
q= Acos ayf +Bsin o,

Att=0, g=q,s0
Go = Acos0 + Bsin0
or A=gqy

Also , iti-—mo A sin-ayt + @, Bcos ot

Att=0, q=gq,(maximum) andsoj—r-;-o
L 0=-—%Asin0+%8c050
or B=0
Hence 4= g cos ot
and I——d—-moqﬂsmmot

Thus the charge on the capacitor plates oscillates
simple harmenically with time with angular frequency,
1

%= JIc

Frequency of oscillation, f,=— 1

21':\/_

30. Show that in the free oscillations of an LC circuit,
the sum of energies stored in capacitor and the inductor is
constant in time. [NCERT]

Conservation of Energy In Lc-Oscillations. Just as
the sum of potential and kinetic energies remains
constant in SHM, the sum of energies stored in the
capacitor and inductor remains constant during
LC-oscillations. At any instant, the electrostatic energy
stored in the capacitor is
14
Uy ==.—~

25E

The magnetic energy stored in the inductor at any
instant is

1.5
UB=E LI

If there is no (resistive) loss of energy, then the total
energy of the LC-circuit at any instant will be

U= U, +U, %f 1p

But q=qﬂcosmﬂtandl=—§-?—=mqosin%t
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‘fo cos® mﬂf+—Lmoq sin’ oyt

ZC
cos’ t+-1-L— sin? @t
=3C ‘?o @y C‘?D @
2
=5 C 0 [cos® wyt + sin® wyt] = 5 q(":

e CV02 = Initial energy, as expected

31. Give and explain the mechanical analogy of
LC-oscillations.

Mechanical analogy for LC-oscillations. The
LC-oscillations are similar to the oscillations of a mass-
spring system. In the LC-system, the energy alternates
between electrostatic and magnetic forms while in the
mass-spring system, it alternates between potential
and kinetic forms. The capacitor acts like a spring while
the inductor acts like an inertial mass. The charge
corresponds to displacement and the current corres-
ponds to velocity.

The displacement x of oscillating mass satisfies the
differential equation :
2
¥+m02x=0, where @, =,—

The charge g of the capacitor satisfies a similar
equation :

dzq

ar?

Clearly, x corresponds to g.

For a mechanical system,

do  d*x

F=m ta m;fz-

where

Al

+ayq=0, “ Z

For an electrical system,

2
E=-— Li{ =— L'd_zl?
dt dt
On comparing the above two equations, we see that
L is analogous to mass m ie, L is a measure of
resistance to change in current.
1

T
In case of mass-spring system, @, = J%

Again, in case of LC system,

Obviously, % is analogous to k. The force constant k

is the force required to produce unit displacement
while %(= K] is the potential difference required to
q

store a unit charge.
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Table 7.1 Analogies between Mechanical
and Electrical Quantities
Mechanical System Electrical System
Mass m Inductance L
Displacement x Charge g
Velocity v=— Current ]’=ﬂ
Force constant k Reciprocal capacitance %
Mechanical energy Electromagnetic energy
E:lk.\r2+lmv2 u=1ﬁ+lu?
- 2 2 C @
Examples based on

LC Oscillations

Formulae Used

1. Angular frequency of free oscillations of an
LC-circuit,
1
0=—
NLC

2. Frequency of free oscillations of an LC-circuit,

1
> JLC
3. Instantaneous charge on the capacitor,
q = g, cos ot
4. Instantaneous current in the LC-circuit,

I=—%=Iusinmt, where [, = o g,

5. Electrical energy stored in the capacitor at any

instant,
i
Ye=3c
2
14
upr™==."%
2 Trat
6. Magnetic energy stored in the inductor at any
instant,
¥ o2
Up=—LI
D
ug™ = 1LI
2

7. Total energy stored in the LC-c:ircuit
: 14 1,
U=U;+ U, $ic 2[.10.
Units Used

Chm:gesqandqu are in coulomb, currents [ and [
in ampere, inductance Lin henry, capaatame Cin

farad, angular frequency ® in rads™!, and
energies U, U and Uy are in joule.
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Example 65. Calculate the wavelength of radiowaves
radiated out by a circuit consisting of 0.02 pF capacitor and

8 uH inductor in series.
Solution. Here C =0.02 uF=0.02 x 10" ® F,
L=8uH=8x10"°H

1 1
f: =
27VIC 27,002 x10"®x8x 10"
=3.98x10° Hz

The wavelength of the radiowaves produced is

¢ 3x108

S im toos _awEgiiendin
f 398x10°

Example 66. An inductor of inductance 2.0 mH is
connected across a charged capacitor of capacitance 5.0 pF
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 pC.
(a) When q =100 uC, what is the value of% ?

(b) When q =200 uC, what is the value of I?
(c) Find the maximum value of I.

(d) When I is equal to one-half its maximum value, what
[IIT 1998]

is the value of q ?
Solution. Here L=20 mH=20x 10" H
C=50uF=50x10"°F

The natural frequency of LC-oscillations is given by

1 1
m:— —
JIC 2.0x102x5.0x107°
=10% rad s~!

The charge on the capacitor at any instant ¢ during

LC-oscillations,
q =gy cos ot

I=_ﬂ=qomsinmt=lnsinmf

dt
and j—i:qomzcosmhmzq
(@) When g=100uC=10"*C,
L g=10%x107* =10* As7L.
dt
(b) Here g=200uC. Also gq,=200uC

As q=q, cos ot 200 =200 cos wt

or coswt=1 or wt=0°
I=g, ®sin0°=0.
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This can also be followed from the fact that when

q =200 uC =g, the capacitor is fully charged. At this
instant, the current in the LC-circuit is zero.

(€) I, =g, =10*x200x10° =2.0 A.
(d) =1, sin ot
When I=1,/2, we have

L= sinot or sinot=05
2

ot =30°

Here q= g, cos ot =200 x 107 x cos 30°

1.

=200x107%x0.866 C
=1732x10°° C=1732pC

{)roblems For Practice

A coil of inductance 150 mH is connected in series with
a variable capacitor of capacitance 20 pF to 500 pF.
Calculate the frequency range over which the circuit
can be tuned. (Ans. 1.84 x 10* Hz to 9.2 x 10* Hz)

A 10 uF capacitor is charged to a potential of 25 V.
The battery is then disconnected and pure 100 mH
coil is connected across the capacitor so that
LC-oscillations are set up. Calculate the maximum
current in the coil. (Ans. 0.25 A)

A 1.5 mH inductor in an LC-circuit stores a maxi-
mum energy of 30 uJ. What is the maximum current
in the circuit ? (Ans. 0.2 A)

In an oscillatory circuit, the self-inductance of the
coil used is 10 mH. If the oscillatory frequency of
the circuit is 1.0 MHz, find the capacitance of the
capacitor connected in the circuit. (Ans. 2.53 pF)
A wave of wavelength 300 m can be radiated through
a transmitter. A capacitor of capacitance 2.4 pF is
available. What is the inductance of the coil required
for the oscillatory circuit ?  (Ans. 1.056 x 10 H)

HINTS

1 1
LA = =
' 2 JIG 27 [150x107° x20x 1072
=92 x10* Hz
1 1
h

"2 [LG,  20[150 x 1073 x500 x 10712
=1.84 x10* Hz

2. Maximum magnetic energy in the inductor

=Maximum electric energy in the capacitor

Th2lev

2 2
& 10x10°°
UMD A sl U oo chinken LTI 1S
0TI \/100x10—3x

=102 x25=0.25A
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3. % LIOZ = Maximum energy in the inductor
1x15x10%x12 = 30x10° ]
2
jars
I = L‘O_ﬂoj = 4x1072
15x107™"
I,=2x10" =02A
g Gl .
' 4n’f 2L 4x9.87 x(10°)% x10x 107
=253x107"? F=253 pF.
gl LA L e i
A 2r+LC A 4n°LC
or L= 2 = (300)°
47%c*C 4x9.87 x(3x10°)* x2.4x107°
=1.056 x10 °H.

7.22 TRANSFORMER

32. What is a transformer ? Explain the principle,
construction, working and theory of a transformer. How
is current affected in a transformer ? What are the various
energy losses in a transformer ? How can they be reduced ?

Transformer. A transformer is an electrical device for
converting an alternating current at low voltage into that at
high voltage or vice versa. If it increases the input voltage,
it is called step up transformer and if it decreases the
input voltage, it is called step down transformer.

A

AC To
source $ 3 load
Z Laminated iron core
(a)
3 3
AL o s To
source 1_‘:’i()ad
A Laminated iron core

(b)
Fig. 7.50 (a) Step-up and (b) step-down, transformer.

Principle. It works on the principle of mutual induction,
i.e., when a changing current is passed through one of the
two inductively coupled coils, an induced emfis set up in the
other coil.

Construction. A transformer essentially consists of
two coils of insulated copper wire having different
number of turns and wound on the same soft iron core.
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The coil P to which electric energy is supplied is called
the primary and the coil from which energy is drawn
or output is obtained is called the secondary. To
prevent energy losses due to eddy currents, a lami-
nated core is used. Because of high permeability of soft
iron, the entire magnetic flux due to the current in the
primary coil practically remains in the iron core and
hence passes fully through the secondary. This also
prevents the stray currents being generated in the con-
ductors lying around and the consequent power loss.

Two types of arrangements are generally used for
winding of primary and secondary coils in a trans-
former :

1. Core type. In the core type transformers, the
primary and secondary coils are wound on separate
limbs of the core so that the core is largely surrounded
by the coils. Many of the modern transformers are of
closed core type as shown in Fig. 7.51(a)

Soft

iron-core M —— )
= o)
O 0
= [T &
Ehn b
£ : £
= ‘- 8 '
£ 4 L od
r
8 — > JJ
(a)
| Bolt ==
iron-core Pk
O
O L—0
]
g T g
521 o
E a B g
& ] E

(b)
Fig. 7.51 (a) Core type and (b) Shell type transformer.

2. Shell type. In the shell type transformers, the
primary and secondary coils are wound one over
another on the same limb of the iron core. The coils are
very largely surrounded by the iron core. Trans-
formers used in radio and TV transmitters and
receivers are of shell type, as shown in Fig. 7.48(b).

Working. As the alternating current flows through
the primary, it generates an alternating magnetic flux
in the core which also passes through the secondary.
This changing flux sets up an induced emf in the
secondary, also a self-induced emf in the primary. If
there is no leakage of magnetic flux, then flux linked
with each turn of the primary will be equal to that
linked with each turn of the secondary.
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Theory. Consider the situation when no load is
connected to the secondary, i.e,, its terminals are open.
Let N, and N, be the number of turns in the primary
and secondary respectively. Then
g

dt
N, @

Induced emf in the primary coil,

Induced emf in the secondary coil, €, =

where ¢ is the magnetic flux linked with each turn of
the primary or secondary at any instant. Thus

E,_N
e] N]

Let € be the emf applied to the primary. By Lenz's
law, self-induced emf €&, opposes € in the primary coil.
~. Resultant emf in the primary =€ - €,

This emf sends current I, through the primary coil
of resistance R.

- E-€ =RI
But R is very small, so the term RI, can be neglected.
Then E=€,

Thus €, may be regarded as input emf and €, as the
output emf,

_ Outputemf N,

(1)
Input emf N,

R [Nm

The ratio N,/ N,, of the number of turns in the
secondary to that in the primary, is called the turns
ratio of the transformer. It is also called

transformation ratio.

In a step up transformer, N, > N,, i.e., the turns ratio
is greater than 1 and therefore €, >& . The output
voltage is greater than the input voltage.

In a step down transformer, N, < N, ,ie., the turns
ratio is less than 1 and therefone E, <E The output
voltage is less than the input voltage

It may be noted that equation (1) has been derived
by using the following three assumptions :

1. The primary resistance and current are small.

2. The same flux links both with the primary and

secondary windings as the flux leakage from
the core is negligibly small.

3. The terminals of the secondary are open or the

current taken from it is small.

Currents in primary and secondary. Assuming the
transformer to be ideal one so that there are no energy
losses, then

Input power =Output power or € I, =€,1,
where [ and I, are the currents in the primary and
secondary, respectively.

PHYSICS-XII

Hence S=_t=_2 (2)

Thus a step up transformer steps up the voltage,
but steps down the current exactly in the same ratio.
Similarly, a step down transformer steps down the
voltage but steps up the current exactly in the same ratio.

The efficiency of a transformer is defined as
= M x 100% ‘__(3)
Power input
The efficiency of real transformers is fairly high
(90 —99%) though not 100%.

Energy losses in transformers. The main causes for
energy loss in transformers are as follows :

1. Copper loss. Some energy is lost due to heating
of copper wires used in the primary and secondary
windings. This power loss (= I”R) can be minimised by
using thick copper wires of low resistance.

2. Eddy current loss. The alternating magnetic flux
induces eddy currents in the iron core which leads to
some energy loss in the form of heat. This loss can be
reduced by using laminated iron core.

3. Hysteresis loss. The alternating current carries
the iron core through cycles of magnetisation and
demagnetisation. Work is done in each of these cycles
and is lost as heat. This is called hysteresis loss and can
be minimised by using core material having narrow
hysteresis loop.

4. Flux leakage. The magnetic flux produced by the
primary may not fully pass through the secondary.
Some of the flux may leak into air. This loss can be
minimised by winding the primary and secondary
coils over one another.

5. Humming loss. As the transformer works, its
core lengthens and shortens during each cycle of the
alternating voltage due to a phenomenon called
magnetostriction. This gives rise to a humming sound.
So some of the electrical energy is lost in the form of
humming sound.

( For Your Knowledge

\.\

A step-up transformer changes a low-voltage into a
high-voltage. This does not violate the law of
conservation of energy. The current decreases by the
same proportion. When voltage increases n times, the
current reduces to 1/ n times.

> A transformer is essentially an a.c. device. It cannot
work on d.c. It changes alternating voltages/currents.
It does not affect the frequency of a.c.

The small transformers are self-cooled, which transfer |
heat directly to the surroundings. Large transformers
are cooled by placing them in oil tanks to prevent

erheating. /
\ overheating B

|

A}
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7.23 USES OF TRANSFORMERS

33. State some of the important uses of transformers.
Some uses of transformers :

1. Small transformers are used in radio receivers,
telephones, loud speakers, etc.

2. In voltage regulators for TV, refrigerators,
air-conditioners, computers, etc.

3. In stabilised power supplies.

4. A step-down transformer is used for obtaining
large current for electric welding.

5. A step-down transformer is used in induction
furnace for melting metals.

6. A step-up transformer is
production of X-rays.

used for the

7. In the transmission of electric energy from the
generating stations to the consumers.

7.24 LONG DISTANCE TRANSMISSION
OF ELECTRICAL POWER

34. Explain the use of transformers in long distance
transmission of electric power.

Use of transformers in long distance transmission
of electric power. The most important application of
transformers is in the transmission of electrical power
from a power station to far away areas where it is
actually used. Following are the disadvantages of
transmitting the electrical power at low voltage :

1. Large length of transmission cables have
a;;preciable resistance. Hence a large amount of energy
(I°Rt) will be lost as heat during transmission.

2. Large voltage drop (IR) occurs along the line
wire. Hence the voltage at the receiving station will be
much smaller than that at the generating station.

3. To carry large currents and to keep the resistance
of transmission wires low, thick wires have to be used.
The cost of installing thick wires will be extremely high.

Thus the long distance power transmission at low
voltage and high current is neither efficient nor
economical. If I is the current in the cable, and R its
resistance, the power wasted in the cable is I*R. The
power loss can be reduced by reducing I or R. The
power supplied by the generator is given by P =VI,
where V is the voltage across its terminals. Since
I=P/V, for a given amount of power P, the power
loss is less if I is less or V is high.

In actual practice, as shown in Fig. 7.52, a typical
power station generates 1000 kW at 6600 volts. This
voltage is first stepped up to 132000 volts before
transmission. Transmission lines from different power
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stations in a region deliver power to a common
regional pool, called the grid. From the grid, the power
is fed to the cities at 33000 V, the stepping down is
done outside the city. Then again at a sub-station, the
supply is stepped down to 6600 V. For domestic
purposes, the voltage is again stepped down to 220 V.

Step down

F 2"
20V

Step up Step down

=

[
Area Consumer
sub-station sub-station

Fig. 7.52 Schematic diagram of a distribution system.
Examples Based on
Transformers and Long Distance
Power Transmission

Formulae Used
1. The voltages and currents in a transformer are

o |
6600V £
&t

Generating
station

111]

11T

related as
& _ L N,
E‘r L N

where suffix 1 refers to primary coil, 2 to secon-
dary coil and k is the transformation or turns ratio.
2. € I, (Power in primary coil)
=&, 1, (Power in secondary coil)
3. Efficiency of a transformer,
A Output power _ 040,
Input power
4. Power is transmitted from power stations to
sub-stations at very high voltages to reduce cost
and reduce losses.
Units Used

Voltages E.,,Ez are in volts ; currents I, I, in
ampere ; and k and 1 have no units,

Example 67. The primary coil of an ideal step-up trans-
former has 100 turns and the transformation ratio is also 100.
The input voltage and the power are 220 V and 1100 W
respectively. Calculate :

(i) number of turns in the secondary

(i1) the current in the primary

(iif) voltage across the secondary

(iv) the current in the secondary

(v) power in the secondary. [CBSE D 06]
Solution. Here N, =100, €, =220V, P =1100 W

(i) Transformation ratio, k = 5 =100
1

.. N, =100 N, =100 x 100 = 10,000.
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: P, 1100
L=xl=——=5A.

6 h=g =20

(iii) €, =kE, =100 x 220 =22,000 V.

x I 5
L=-1=—=0.05A

o 4 k 100

(v) For an ideal transformer
Input power = 1100 W.
Example 68. How much current is drawn by the primary

of a transformer which steps down 220 V to 22 V to operate a
device with an impedance of 220Q ? [CBSE OD 08]

Solution. Here €, =220 V,€, =22 V, Z, =220Q

Qutput power =

Current drawn by the secondary or by the device of
impedance 220 € is

€
L=-2= LA
Z, 220
If there are no energy losses, then
Input power = Output power ie., € I, =€,1,

€ I
23 RO o0t
e1

Example 69. A transformer has 500 turns in the primary
and 1000 turns in its secondary winding. The primary
voltage is 200 V' and the load in the secondary is 100 €.
Calculate the current in the primary, assuming it to be an
ideal transformer. [ISCE 02]

Solution. Here N, =500, N, =1000, € =200V,

R, =100Q

or 1

_N, g _1000
2 N il
) |

€ = 500><200=400V

Current in the secondary,

For an ideal transformer,
8111 = E'2 L
.. Current in the primary,

8A
L8 200

Example 70. In an ideal transformer, number of turns in
the primary and secondary are 200 and 1000 respectively. If
the power input to the primary is 10 kW at 200 V, calculate
(1) output voltage and (ii) current in primary. [CBSE D 02]

Solution. Here N, =200, N,=1000, € =200V,

P, =10 kW =10,000 W

PHYSICS-XII
N, &
- Output voltage,
N 1000
€,=—2xE = 200 =1000 V.
2°N, 17200 -

(if) Input power, P, =L€,

.. Current in primary,

Example 71. The output voltage of an ideal transformer,
connected to a 240 V a.c. mains is 24 V. When this trans-
former is used to light a bulb with rating24 V, 24 W, calcu-
late the current in the primary coil of the circuit.

[CBSE OD 2000)

Solution. Here € =240V, EZ =24V, P,=24W
B

Current in the secondary, I, =% = 24 =1A
E, 24

For ideal transformer, € I, =€,

.. Current in the primary,

p <ol 28x1_
b By 1040
Example 72. A transformer of 100% efficiency has 200
turns in the primary and 40,000 turns in the secondary. It is
connected to a220 V a.c. mains and the secondary feeds to a
100 resistance. Calculate the output potential difference per
turn and the power delivered to the load.
Solution. Here N, =200, N, =40,000, € =220V,
R, =100k Q =10’ Q

0.1 A

As -E-azﬁ
Ei Nl
N 40000
B2 B a 220 = 44,000 V
27N, 1T 200 s
€, 44000
Output pd. perturn=—2=——=11V
EpC. per e N, _ 40000
Power delivered to the load
g . & _ (44000
272 Rz 105

=19360 W =19.36 kW.

Example 73. A step down transformer is used to reduce
the main supply of 220 V to 11 V. If the primary draws a
current of 5 A and the secondary 90 A, what is the efficiency
of the transformer ?
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Solution. Here € =220V, €,=11V, I, =5A,
L, =90 A
Power input =€,1, =220x 5=1100 W
Power output =€,I, =11x 90 =990 W
Efficiency,
_ Power output 990
r ~ 1100

=0.90 =90%.

Power input

Example 74. Calculate the current drawn by the primary
of a transformer, which steps down 200 V to20 V to operate
a device of resistance 20 Q. Assume the efficiency of the
transformer to be 80%. [CBSE D 01]

Solution. Here € =20V, €,=200V, R,=209Q,
n =80%
Current flowing through secondary,

€
12 =_2 zi_Z_U =T A
R, 20
Efficiency, n = P"LW _&1L
Power input €1,
80 20x1
100 200 x L
or I, =0125 A,

Example 75. A 10 kW transformer has 20 turns in the
primary and 100 turns in the secondary circuit. An a.c.
voltage €, =600 sin 314 ¢ is applied to the primary. Find
(1) the maximum value of flux and (i1) the maximum value of
the secondary voltage.

Solution. (i) Flux linked with each turn of primary,

b= B A cos of =§ cos ot

Here ¢, = BA =maximum value of flux linked with

each turn

d
E =—N =—N, — cos wi
LTS ‘dt(q’ e
=mN1t1bsmmt
Peak value of El g
=e =N =0
0=ON; § or N,

Given €, =600 sin314 t =€ sin of
€, =600V, 0=314rads™’

Hence ¢, = B 0.0955 Wb.
314 x 20
0
(i) e -
é" N,
. Maximum vall.xe of secondary voltage is
0 0
& - N 2 g0 = 2%, 600 = 3000 V.

1
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Example 76. (i) The primary of a transformer has

400 turns while the secondary has 2000 turns. If the power
output from the secondary at 1100 V is 12.1 kW, calculate

the primary voltage. (ii) If the resistance of the primary is

0.2 Q and that of the secondary is 2.0 Q and the efficiency of
the transformer is 90 %, calculate the heat losses in the
primary and the secondary coils.

Solution. (i) N, =400, N, =2000,€, =1100 V

€, =, 400 _ 0y
2000

—~-11m
5 x

)
(i) Resistance of primary, R, =02 Q
Resistance of secondary, R, =2.0Q
Output power =€,1, =12.1 kW =12100 W
. Current in the secondary,

L oSh 12100 .o
2, 1w

Output power
Input power
12100 W
Input power

As Efficiency =

. 4
100

or Input power,

12100 = 100
9
Current in the primary,
€1 13 2
I, =-11 BHxI gt
E, 220
Power loss in the primary
= I’R, =(61.1* x 0.2 =746.61 W

€.l = =1344x10° W

Power loss in the secondary
= IR, =(11)* x 2.0 =242 W.

()romems For Practice

1. A transformer has 300 primary turns and 2400
secondary turns. If the primary supply voltage is
230 V, what is the secondary voltage ?  [NCERT]

(Ans. 1.84 kV)

2. A transformer has 200 primary turns and 150
secondary turns. If the operating voltage for the
load connected to the secondary is measured to be
300 V, what is the voltage supplied to the primary ?

[NCERT]
(Ans. 400 V)

3. The ratio of the number of turns in the primary and
the secondary coils of a step up transformer is
1:200. It is connected to a.c. mains of 200 V.
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Calculate the voltage developed in the secondary.
Determine the value of maximum current in the
secondary, when a current of 2.0 A flows through
the primary. (Ans. 40,000 V, 0.01 A)

4. A transformer of 100% efficiency has 500 turns in
the primary and 10,000 turns in the secondary coil.
If the primary is connected to 220 V supply, what is
the voltage across the secondary coil ?  [ISCE 94]

(Ans. 4400 V)

5. When a voltage of 120 V is impressed across the
primary of a transformer, the current in the primary
is 1.85 A. Find the voltage across the secondary,
when it delivers 150 mA. The transformer has an
efficiency of 95%. (Ans. 1406 V)

6. The primary of a transformer has 200 turns and the
secondary has 1000 turns. If the power output from the
secondary at 1000 V is 9 kW, calculate (i) the pri-
mary voltage and (ii) the heat loss in the primary coil
if the resistance of primary is 0.2 Q and the efficiency
of the transformer is 90%. (Ans. 200 V, 500 W)

7. A town situated 20 km away from a power plant
generating power at 440 V, requires 6000 kW of
electric power at 200 V. The resistance of the two
wire line carrying power is 0.4 Q per km. The town
gets power from the line through a 3000-220V
step down transformer at a substation in the town.

(/) Find the line power losses in the form of heat.

(i) How much power must the plant supply,
assuming there is negligible power loss due to

leakage ? [CBSE OD 03]
[ Ans. (i) 640 kW, (i) 1240 kW]
HINTS
1. E,=2.& = 00 400 . 230 = 1840 V = 1.84 kV.
N: _
2. B = ,Ez_—xson 400 V.
3, liere—J-—— € =200V, L =20A
N, 200

Mo g 220 200~ 40000 v
N, 1

Assuming the transformer to be ideal, we have

&1, =€,
€1 200x20
- Ll =0.01 A.
W €, 1| 4000
4. By= 2 N L

=——— x220=4400 V.
500

5. Here E, =120V, I, =1.85A,

=150 mA =150 x 107 A, n=95% = 0.95
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Power output

_EZIZ

i EIII

qE‘I 095x120x185
L 150 x 1072

Efficiency, n =
Gl Power input

€, = =1406 V.

6. Here N, =200, N, = 1000, €, = 1000 V;
R =020 '
200

E, = x 1000 = 200 V.

N,
D & -8, %2 71000

N,

(if) As efficiency = 90%, therefore
Output power
Input power

or —9_X_!_03— x 100 =90
Input power

. Input power, &I, = 10,000 W
10000 _ 10000

I, =——=——=50A
1T TR T

%100 = 90

Heat loss in the primary coil
= IZR, =(50)% x0.2=500 W.
7. Total length of wire =20 x 2 =40 km
Resistance of the wire, R=40x04=160Q
_ P 600 kW
TV 3000V

=200 A

rms

. Z
(i) Power loss in the form of heat =17 x R

=(200)* x 16 = 640000 W = 640 kW.
(if) Power supplied by the plant

= Power demand + Power loss

=600 + 640 =1240 kW.

7.25 A.C. GENERATOR

35. With the help of a labelled diagram, explain the
principle, construction and working of an a.c. generator.
Derive the expression for the induced emf and current.

A.C. Generator. A generator or dynamo is a device which
converts mechanical energy into electrical energy. Actually,
the name generator is a misnomer because it does not
generate any energy. It just converts mechanical
energy into electrical energy.

An a.c. generator is the one which produces a current
that alternates or changes its direction regularly after a fixed
interval of time, i.e., it is a device which converts mechanical
energy into alternating form of electrical energy. The
present form of a.c. generator is due to Nikola Tesla, the
great Yugoslav scientist who built it in the year 1888.

Principle. The working of an a.c. generator is based
on the principle of electromagnetic induction. When a
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closed coil is rotated in a uniform magnetic field with
its axis perpendicular to the magnetic field, the
magnetic flux linked with the coil changes and an
induced emf and hence a current is set up in it.

Fig. 7.53 A.C. Generator.

Construction. It essentially consists of the following
main parts :

1. Field magnet. It is a permanent magnet of the
horse shoe shape in a small dynamo (magneto) or itis a
powerful electromagnet in a large dynamo. It produces
a strong magnetic field in the region between its
pole-pieces.

2. Armature. It consists of a rectangular coil PQRS

having a large number of turns of insulated copper
wire wound on a soft iron cylindrical core. The core is
laminated one to avoid losses due to eddy currents.
The soft iron core concentrates the lines of force to
increase the flux density B. The armature can be
rotated in the magnetic field of the field magnet about
an axis perpendicular to field B

3. Slip rings. The two ends of the armature coil are
connected to two coaxial brass rings S, and S, called
slip rings. The rings are rigidly fixed to same shaft
which is used to rotate the coil. The slips are insulated
from each other as well as from the shaft. As the
armature coil rotates, the slip rings also rotate about
the same axis of rotation.

4. Brushes. Two graphite or flexible metallic rods
called brushes are lightly pressed against the two slip
rings. The brushes B, and B, remain fixed in their
positions and maintain sliding contacts with the
rotatable slip rings S, and S, respectively. It is through
these brushes that the current induced in the armature
coil is fed to the external circuit by means of line wires.
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5. Source of energy. The armature coil is rotated
about its axis with the help of turbine or any other
device connected to it. It is the rotational kinetic energy
of the turbine which is ultimately converted into
electrical energy by the a.c. generator.

Working. As the armature coil rotates, the magnetic
flux linked with it changes and so an induced current
flows through it. Suppose initially the coil PQRS be in
the vertical position and it is rotated in the clockwise
direction. The side PQ moves downward and SR
moves upward. According to Fleming’s right hand
rule, the induced current flows from Q to P and from S
to R. So during the first half rotation of the coil, the
induced current flows in the direction SRQP, with
brush B, acting as positive terminal and brush B, as
negative terminal. During the second half-rotation, the
side PQ moves upward and SR moves downward. The
direction of induced current is reversed, i.e., it flows
along PQRS, so that the brush B, now functions as the
positive terminal and brush B, as the negative
terminal. Thus the direction of current in the external
circuit is reversed after every half cycle. Hence
alternating current is produced by the generator. Such
a generator which generates alternating current is
called an a.c. generator or an alternator.

Expression for induced emf. Let
N = number of turns in the coil
A = face area of each turn
B = magnitude of the magnetic field
6 = angle which normal to the coil makes
with field B at any instant ¢

o = the angular velocity with which coil rotates

Then the magnetic flux linked with the coil at any
instant f will be

¢= NBA cos 0 = NBA cos ot
By Faraday’s flux rule, the induced emf is given by

E=-@=—-‘i(NBAcosmr)=NBAmsinmr
dt  dt
or € =€, sin ot

where EB = NBA & When a load of resistance R is
connected across the terminals, a current I flows in the
external circuit.
Pl € _ €, sin ot
R R

Both current and voltage vary

= I, sin of
S
R
sinusoidally with time. The power dissipated in the

load is supplied by the agent in rotating the coil in the
magnetic field.

where [, =
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Hydroelectric power station. In a hydroelectric
power station, water is stored in a dam at a height,
from where it falls into giant waterwheels or turbines.
These turbines are connected to the loops of wires in
a.c. generators. The kinetic energy of the falling water
thus gets converted into rotational energy of the
turbines and ultimately into electrical energy supplied
by the generator.

Thermal power station. In a thermal power station,
steam is produced by boiling water using coal or oil as
fuel. The turbines coupled to the loops of a.c.
generators are rotated by steam rushing past them and
thus electrical energy is generated.

Nuclear power plant. In a nuclear power plant, a
nuclear fuel is used instead of coal to generate
electrical energy.

7.26 ADVANTAGES AND DISADVANTAGES
OF A.C. OVER D.C.

36. Write some advantages and disadvantages of a.c.
over d.c.

Advantages of a.c. over d.c.

1. The generation of a.c. is more economical than
dc

2. The alternating voltage can be easily stepped up
or stepped down by using a transformer.

3. The alternating currents can be reduced by
using a choke coil without any significant
wastage of energy.

4. The alternating currents can be transmitted to
distant places without any significant line loss.

5. Also a.c. can be easily converted into d.c. by
using rectifiers.

6. A.C. machines are simple and robust and do not
require much attention during their use.

Disadvantages of a.c. over d.c.

1. Peak value of ac. is high (I, =v2I,,) It is
dangerous to work with a.c.

2, In phenomena like electroplating, electro-
refining, electrotyping, etc; a.c. cannot be used.

3. AC. is transmitted more from the surface of
conductor than from inside. This is called skin
effect. Therefore, several fine insulated wires
(and not a single thick wire) are required for
the transmission of a.c.
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Examples based on

Generators

Formulae Used
For an a.c. generator,
1. Flux linked, ¢= NBAcos of
2. Instantaneous induced emf, & =€ sin o
3. Maximum induced emf, &, = NBA®
4. Instantaneous currentt, I'= I sin of
€, NBAw.
R

5. Maximum current, 1’0 =§!g-=

Units Used
Flux ¢ is in weber, field B in tesla, area A in m?,
emfs € and € in volt, currents I'and I, in ampere,
resistance R in ohm.

Example 77. Kamla peddles a stationary bicycle the pedals
of which are attached to a 100 turn cofl of area0.10 nr*. The
coil rotates at half a revolution per second and it is placed in
a uniform magnetic field of0.01 T perpendicular to the axis of
rotation of the coil. What is the maximum voltage generated in
the coil ? [NCERT ; CBSE OD 08]

Solution. Here N =100, A=0.10m?, f=05 Hz,
B=0.01T

The maximum voltage generated in the coil,

€, = NBAw= NBA x 2rf
=100 x 0.01x 0.10% 2 x 3.14'x 0.5 = 0.314 V.

Example 78. An a.c. generator consists of a coil of 50 turns
and area2.5 n? rotating at an angular speed of 60 rad s in
a uniform magnetic field B=030 T between two fixed pole
pieces. The resistance of the circuit including that of the coil
is 500 Q.

(a) What is the maximum current drawn from the
generator ?

(b) What is the flux through the coil when the current is
zero ? What is the flux when the current is
maximum ?

(c) Would the generator work if the coil were stationary
and instead the pole pieces rotated together with the
same speed as above ? [CBSE OD 98C ; F 03]

Selution. Here N =50, A=25m?, ©=60rad s !,
B=030T, R=500Q

Maximum current,

;- & _ NBAow
YR R
50 x 0.30 x 2.5 x 60

= =45 A
500
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NBAw®

(b) Current, I = I, sin ot = oo rotates in a magnetic field of 0.5 T at a constant
frequency of - Hz. Calculate the value of

Flux, ¢, = NBA cos ot . y e : :
(/) maximum (ii) average induced emf produced in
Current is zero if sin ot =0, or @t =0°. Then flux is the coil. [CBSE Sample Paper 08]
maximum and its value is [Ans. (i) 270 V (ii) 0]

"

¢y = NBA cos 0° An a.c. generator consists of a coil of 50 turns and area

= NBA =50 x0.30 x 2.5 Wb 2.5m? rotating at an angular speed of 60 rad s ' in
a uniform magnetic field of 0.30 T. The resistance of

=505 W the circuit including that of the coil is 500€. (i) Find

Current is maximum when sin ot =1 or ot =90°. the peak value of current drawn from the
Then flux is zero because generator. (ij) What is the flux through the coil
¢, = NBA cos90° =0. when the current is zero ?  (Ans. 45 A, 37.5 Wh)

(c) Yes, the generator would work if the coil were 3. An a.c. generator consists of a coil of 2000 turns
stationary and the pole pieces are rotated together with each of area 80cm?® and rotating at an angular
the same speed because this will also bring about the speed of 200spm™in 2 uniform magnetic field of
necessary flux change. 4.8x107°T. Calculate the peak and rms values of
emf induced in the coil. [Punjab 02]

Example 79. An a.c. generator comsists of a coil of
100 turns and cross-sectional area of 3 nt’, rotating at a
constant angular speed of 60 radians | sec in a uniform mag- HINTS

netic field of 0.04 T. The resistance of the coil is 500 0hm. 1. (i) € = NBAw = NBA x 2nf

(Ans. 16.085 V, 11.375 V)

Calculate (i) maximum current drawn from the generator and 150
(ii) maximum power dissipation in the coil. ~ [CBSE D 02] =20 x0.5x0.09 x2m x i
Solutien. Here N =100, A=3m? o=60rads™, ~270 V.
B=0.04T, R=5009Q (i€, =0
(i) Maximum current drawn, 2. () Here N=50, A=25m? o=60rads™,
;& _NBAow B=030T, R=500Q
=2 =
R R Peak value of current,
_100x004x3x60 . ., o & _ NBAw
500 T S
(i) Max. power dissipation _50x030x25x60
& 1 & & KR I 500 Tl
e R % -9 (i) When current is zero, induced emf = 0. As the
(1.44)% x 500 induced emf is I_l:he rate of change o.f magnetic
= D A =5184 W. flux, so magnetic flux must be maximum.

= NBA'= 0.30 x 25 = 37.5 Wh.
Example 80. A generator develops an emf of120 V and has ¢ i i ik
a terminal potential difference of 115 V, when the armature 3. Here N=2000, A=80cm? =80x10"*m?
current is 25 A. What is the resistance of the armature ? 200

=48 x107°T, f= = Ips,
Solution. Here £ =120V, V =115V, I =25 A Himsan flmedtmpmn = e

E_v 2 x 2000 20n I
% =2nf =———="—"T1ad s
As I = i 60 ¢
g &V _1m0-us_ M 2n
T ; =2ooox4_sx1u—2xsux10*‘x—3~
Fp’m For Practice filmiitd

1. An armature coil consists of 20 turns of wire, each €,ne = 07078, = 0.707 x 16,085
of area A=0.09m? and total resistance 15.0Q. It =11.375 V.
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VERY SHORT ANSWER CONCEPTUAL PROBLEMS

Problem 1. What is the average value of a.c. over a
cycle and why ?

Solution. Zero, because a.c is positive during one half
cycle and equally negative during other half cycle.

Problem 2. When an alternating current is passed
through a moving coil galvanometer, it shows no
deflection. Why ?

Solution. A moving coil galvanometer measures
average value of current, which is zero for a.c. over every
cycle. So galvanometer shows no deflection.

Problem 3. Why a d.c. voltmeter and d.c. ammeter
cannot read a.c. ? [Punjab 98C)

Solution. The average value of a.c. over a cycle is zero.
So a d.c. voltmeter/ammeter will show zero reading with
alternating voltage/current.

Problem 4. On which effect of current, a.c. ammeters
are based ? Give reason.

Solution. A.C. ammeters are based on heating effect of
current because this effect does not depend on the
direction of current.

Problem 5. Can we define rms value of a.c. in terms
of the chemical effect of current ?

Solution. No, because the chemical effects are
reversed when the direction of current is reversed.

Problem 6. Which value of current do you read with
an a.c. ammeter ?

Solution. Root mean square value of the current.

Problem 7. Can we use a.c. of frequency 15 cps for
lighting purpose ?

Solution. Yes, because the fluctuations in current will
be so rapid (30 times per second) that the bulb will appear
glowing continuously due to persistence of vision.

Problem 8. A 110 V d.c. heater is used on an a.c.
source, such that the heat produced is the same. What
would be the rms value of the alternating voltage ?

[1SCE 96]

Solution. By definition, rms value of the alternating
voltage =110 V.

Problem 9. 220 V a.c. is more dangerous than 220 V
d.c. Why ?

Solution. 220 V a.c. has a peak voltage of 220 x+/2
=311V, while 220 V d.c. has a peak voltage of 220 V only,
so a.c. of same voltage is more dangerous than d.c.

Problem 10. Find the time required for a 60 Hz alter-
nating current to reach its peak value starting from zero.

Solution. Time period of a.c.,

f e’

The current will take one-fourth of the time period to
reach its peak value starting from zero.

. Required time, t=I= LI
4 4x60 240

Problem 11. What is meant by the statement that the
current through an inductor lags behind the emf across
ithyn/2?

Solution. This means that in an inductive a.c. circuit
whichever value emf attains, current attains a similar
value a quarter of cycle later. For example, if emf attains
its maximum value at f =0, then current attains its
maximum value att = T/ 4, and so on.

Problem 12. The frequency of a.c. is doubled. How
do R, X; and X get affected ?

Solution. (i) R remains unaffected.

(i) X; gets doubled, because X; « f.
(iif) X becomes one-half of the original value,

because X x%.

Problem 13. What is the reactance of an inductor in a
d.c. circuit ? [Punjab 98C)
Solution. For d.c., f =0, therefore,
inductive reactance X; =2r f L=0.
Problem 14. Capacitors block d.c. Why ?

[Punjab 95]
Solution. For d.c., f =0, therefore,
1
Xe= — =
2n fC

So a capacitor does not allow d.c. to flow through it
i.e., it blocks d.c.

Problem 15. For very high frequency a.c. supply, a
capacitor behaves like a pure conductor. Why ?

1
ion. As X =
Solution ¢=5% fC
1
Xn~oc—
c f

Hence at very high frequency, capacitive reactance
becomes negligibly small and capacitor behaves like a
pure conductor.

Problem 16. Show that an inductor offers an easy
path to d.c. and a resistive path to a.c.

Solution. Inductive reactance,

X,=2n f L
Clearly, X, is zero for d.c.( f = 0)and has a finite value

for a.c. (finite f). Hence an inductor offers an easy path to
d.c. and a resistive path to a.c.
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Problem 17. An ideal inductor is in turn put across
220V, 50 Hz and 220 V, 100 Hz supplies. Will the current
flowing through it in the two cases be the same or
different ? [CBSE OD 98]

Solution. The current flowing through the inductor
will be more in first case because inductive reactance
(X, =2n f L)is less than that in second case.

Problem 18. A choke coil and a bulb are connected in
series to an a.c. source. The bulb shines brightly. How
does its brightness change when an iron core is inserted
in the choke coil ? [CBSE OD 95]

Solution. When the iron core is inserted in the choke
coil, the self-inductance L increases. Consequently, the
inductive reactance, X; = oLincreases. This decreases the
current in the circuit and the bulb glows dimmer.

Problem 19. Voltages across L and C in series are 180°
out of phase. Comment.

Solution. Given a current in series LC, voltage in L
leads current by 90° phase and voltage in C lags behind
current by 90° phase. So voltages in Land C differ by a
phase of 180°.

Problem 20. When L and C are connected in parallel,
currents in L and C are 180° out of phase. Comment.

Solution. Given an applied voltage across parallel
LC, current in Llags behind voltage by 90° phase, current
in Cleads voltage by 90° phase. So currents in Land Care
180° out of phase.

Problem 21. When are the voltage and current in
LCR-series a.c. circuit in phase ? [Haryana 02]

Solution. When X, = X, voltage and current in a
series LCR-circuit are in same phase.

Problem 22. If the frequency of the a.c. source in a
series LCR-circuit is increased, how does the current in
the circuit change ? [CBSE D 98C]

Solution. With the increase in frequency, the currentin
a series LCR-circuit first increases, attains a maximum
value (at f = f,) and then decreases.

Problem 23. The hot wire ammeter in Fig. 7.54(a)
shows some deflection but not in Fig. 7.54(b). Why ?

Fig. 7.54

Solution. Capacitor in Fig. 7.54(a) conducts a.c. and so
ammeter shows some deflection. Capacitor in Fig. 7.54(b)
blocks d.c. and so ammeter shows no deflection.
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Problem 24. When a series LCR-circuit is brought
into resonance, the current in the circuit increases to a
large value. Why ?

Solution. In resonance condition, the impedance of the
LCR-circuit becomes minimum and so current in the
circuit rises to a maximum value.

Problem 25. An air core coil and an electric bulb are
connected in series across a 220 V, 50 Hz a.c. source. The
bulb glows with some brightness. How will the glow of
the bulb be affected on introducing a capacitor in series
in circuit ? Justify your answer. [CBSE OD 94]

Solution. Impedance before inserting capacitor,

Z =R+ P

Impedance after inserting capacitor,

1 2
ZZ=JR2+ [mL——-—) ;
oC

Clearly, Z, < Z,. So when capacitor is inserted, current
through the circuit increases and the bulb glows more
brightly.

Problem 26. What is the maximum value of power
factor ? When does it occur ?

Solution. One. For a purely resistive circuit, ¢ = 0.
.Power factor, cos ¢=cos 0=1

Problem 27. What is the minimum value of power
factor ? When does it occur ?

Solution. Zero. For a purely inductive or capacitive
circuit, p= + /2

.. Power factor, cos ¢=cos(+n/2)=0

Problem 28. Why power correction is must in heavy
machinery ? [Punjab 01, 04]
Solution. B, =V, I

ms I"'-'?‘.'SCOS ¢'

A heavy machinery needs large power. For a given
supply voltage, it requires either large current or improve-
ment of power factor. For supplying large current, thick
wires have to be used which is not economical. In practice,
power factor (cos ¢) is increased by decreasing ¢. This is
done by using a capacitor of appropriate capacitance.

Problem 29. In an a.c. circuit, there is no power con-
sumption in an ideal inductor. Why ? [Punjab 98C]

Solution. In an a.c. circuit containing inductor only,
the voltage leads the current by phase angle n/2 so
average power consumed per cycle is zero.

Fzﬂr = Vmis -

Problem 30. A capacitor of capacitanceC is connected
across an a.c. source of maximum emf V,. What is the

average power dissipated in the circuit ?  [CBSE D 93C]
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Solution. In an a.c. circuit containing capacitor only,
emf lags behind the current by phase angle n/2 so
average power consumed per cycle is zero.

I —EJ=
rnlscm( 2 D'

Problem 31. A perfect self-inductance when con-
nected to an a.c. source does not produce any heating
effect, yet reduces current in the circuit. Why ?

Solution. As the average power consumed per cycle in
an inductive a.c. circuit is zero, so no heating is caused.
But the inductive reactance, X, = oL=2nfLplays the
same role in a.c. circuit as the resistance in d.c. circuit. So
an inductance reduces current in an a.c. circuit.

P =V

av rms *

Problem 32. When is the current in a.c. circuit
wattless ?

Solution. The current in an a.c. circuit is wattless when
the phase difference between current and voltage is /2.
It can be obtained by using an inductor or a capacitor in
the circuit.

Problem 33. Which is the best method of reducing
current in an a.c. circuit and why ? [CBSE D 96C]

Solution. The current in an a.c. circuit can be best
reduced by using a choke coil or capacitor. There is no
dissipation of energy in these devices.

Problem 34. Can we use a capacitor instead of a
choke coil for reducing current in an a.c. circuit ? Give
reason. [CBSE OD 96C]}

Solution. Yes, because the average power dissipated
per cycle in an ideal capacitor is also zero.

Problem 35. With reference to alternating currents
and voltages, state any one fundamental difference
between resistance and reactance. [ISCE 98]

Solution. The resistance of any component is
independent of the frequency of a.c. while the reactance
changes with the change in frequency of the a.c. source.

Problem 36. What do you mean by charging and
discharging of a capacitor ?

Solution. The process of storing charge on the plates of
a capacitor is called charging, and the process of
withdrawing charge from the plates is called discharging
of the capacitor.

Problem 37. On what factors does the rate of charging
and discharging of a capacitor depend ?

Solution. The rate of charging and discharging of a
capacitor depends on (i) its capacitance C and (ii) the
resistance R of the circuit.

Problem 38. Show graphically the variation of charge
Q with time, when a condenser is charged.

[CBSE OD 90C]

Solution. Fig. 7.55 shows the variation of charge Q
with time ¢, when a capacitor is charged.

PHYSICS-XII
Meet at
QU """""""""""""""" o0
QT Growth of
0632 Qyf -- - coge
C i

RC 2RC 3RC 4RC 5RC
t—

Fig. 7.55

Problem 39. A capacitor is connected in series to an
ammeter across a d.c. source. Why does the ammeter
show a momentary deflection during the charging of he
capacitor ? What would be the deflection when it is fully
charged ? [CBSE OD 14C]

Solution. The momentary deflection is due to the
transient current flowing through the circuit when the
capacitor is getting charged.

The deflection would be zero when the capacitor gets
fully charged.

Problem 40. Define time constant of RC-circuit.

Solution. The time constant of RC-circuit may be
defined as the time in which the capacitor gets charged to
0.632 times the maximum charge Q,.

Problem 41. Why can’t transformer be used to step up
d.c. voltage ? [CBSE OD 11 ; Haryana 01]

Solution. The d.c. supply does net produce a changing
magnetic flux in the primary and hence no emf is set up in
the secondary of the transformer.

Problem 42. Does a step up transformer contradict
the principle of conservation of energy ? [Haryana 93, 94]

Solution. No. In a transformer, energy is neither
created nor destroyed.

Problem 43. Does a transformer change the
frequency of a.c. ?

Solution. No. The frequency of alternating voltage
obtained across the secondary is same as that of voltage
applied across the primary.

Problem 44. What causes the core of a transformer to
get heated up under operation ? [ISCE 95]

Solution. The eddy currents set up in the iron core heat
up a transformer under operation.

Problem 45. Why is the core of a transformer
laminated ?

Solution. The core of a transformer is laminated so as
to minimise energy losses due to eddy currents.

Problem 46. Why is the core of a transformer made of
a magnetic material of high permeability ?

[CBSE Sample Paper 1990]
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Solution. Due to high permeability of core material,
the magnetic lines of force will crowd the core. Most of the
flux linked with the primary will pass through the
secondary. Flux leakage decreases and efficiency of
transformer increases.

Problem 47. A transformer is used to step down a.c.
voltage. Which appliance will you use to step down d.c.
voltage ?

Solution. A pure resistor can be used to step down d.c.
voltage.

Problem 48. The core of transformer is made of a
material having narrow hysteresis loop. Why ?

Solution. The alternating current carries the iron core
through the cycles of magnetisation and demagne-
tisation. Work is done in each of these cycles and is lost as
heat. This is called hysteresis loss which can be reduced
by using core material having narrow hysteresis loop.

Problem 49. Why is choke preferred to rheostat in
controlling a.c. supply ? [Himachal 98C ; ISCE 93]

Solution. A choke reduces current in an a.c. circuit
without dissipating any power. A rheostat also reduces
current but it dissipates energy in the form of heat.

Problem 50. Is there any device by which direct
current can be controlled without any loss of energy ?
Can a choke coil be used ?

Solution. No, there is no device which can contrel d.c.
without any loss of energy. A choke coil cannot control d.c.

Problem 51. Why a choke coil cannot be used in d.c. ?

[Haryana 01]

Solution. The reactance of a choke coil is given by

X;=2n f L

Fordc, f=0,s0X, =0.

Thus a choke coil does not oppose current in a d.c.
circuit. So it cannot be used to control d.c.
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Problem 52. In India, domestic power supply is at
220 V, 50 Hz, while in USA it is 110 V, 50 Hz. Give one
advantage and one disadvantage of 220 V supply over
110 V supply. [CBSE OD 04]

Solution. Advantage. The power loss at 220 V supply
is less than that at 110 V.

Disadvantage. The 220 V is more dangerous because
its peak value (311 V) is much higher than the peak value
(155.5 V) for 110 V supply.

Problem 53. A soleneid with an iren core and a bulb
are connected to a d.c. source. How dees the brightness
of the bulb change, when the iron core is removed from
the solenoid ? [CBSE OD 04]

Solution. The brightness of the bulb remains
unchanged, because the solenoid does not offer any
reactance (X, = 2x f L)in d.c. circuit (f = 0).

Problem 54. Fig. 7.56 shows the variation of an alter-
nating emf with time. What is the average value of the emf
for the shaded part of the graph ? [CBSE Sample Paper 04]

-

E {volt}"
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; \_/M "ST
-314 |-

Solution. Ea = 3 €
n

1]

Fig. 7.56

0

. x314 =200 V.
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SHORT ANSWER CONCEPTUAL PROBLEMS

Problem 1. Answer the following questions :

(a) For circuits used for transporting electric power,
a low power factor implies large power loss in
transmission. Explain. [CBSE OD 15]

(b) Power factor can often be improved by the use of
a capacitor of appropriate capacitance in the

(¢) A lamp is connected in series with a capacitor.
Predict your observations for d.c. and a.c. connec-
tions. What happens in each case if the capaci-
tance of the capacitor is reduced ?

[NCERT ; CBSE D 13C]

Solution. (@) As B =V, .I‘ﬁ, .cos ¢

P

oo av
i Vrf cos ¢
To supply a given power, low power factor (cos ¢)
requires a larger current to be supplied. This results in
larger(sz) heat losses.

(b) Power factor, cos ¢ = = X

Z 2
\’ R? + (mL- 1 )
oC
By using a capacitor of suitable capacitance, impe-
dance Z can be made small and hence power factor large.

In the limiting case when Z approaches R the power
factor becomes unity (maximum).
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(¢) For d.c., capacitor is an open circuit because
X =1/ ©C = . The lamp will not glow at all, even if Cis
reduced. For a.c, the lamp will glow because capacitor
conducts a.c. If Cis reduced, the reactance X will increase
and the brightness of the lamp will decrease further.

Problem 2. Distinguish between resistance, reac-
tance and impedance of an a.c. circuit.

[Punjab 02 ; CBSE D 2000]

Solution. Resistance. It is the opposition offered by a pure
resistor to the flow of current in a circuit. It depends on the
nature of material of the conductor. It does not depend on
the frequency of a.c. Its SI unit is ohm.

Reactance. The non-resistive opposition fo the flow of current
is called reactance. It may be an inductive or a capacitive
reactance. It is equal to the ratio of effective p.d. across the
inductor (or the capacitor) to the current flowing through it.

Inductive reactance, X; =oL=2n f L, X « f

Capacitive reactance,

1 1 1

X.=—= X
C wC 2nfC" "€ f
The SI unit of reactance is ohm.

Impedance. It is the effective resistance of an a.c. circuit
containing any two or all three elements R, L and C. It plays
the same role in an a.c. circuit as the resistance plays in a
d.c. circuit. It is equal to the ratio of the effective p.d.
across the entire circuit to the effective current flowing
through it. Its unit is also ohm. The impedance of a series
LCR-circuit is given by

Z=VR2 + [ml.—u%]z

(0]
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Problem 3. The graphs shown in Figs. 7.57 (a) & (b)
represent the variation of opposition offered by the
circuit element to the flow of alternating current, with
the frequency of the applied emf. Identify the circuit
element corresponding to each graph.

[CBSE Sample Paper 04]

Opposition to
current

O Frequency —»
(@)

Opposition to
current

O Frequency —
(b)

Fig. 7.57

Solution. (i) Graph 7.57(a) is for a pure resistor,
because the opposition to current is independent of
frequency.

(1) Graph 7.57(b) is for a pure inductor, because the
opposition to current is directly proportional to the
frequency of applied emf.

Problem 4. Compare the important features of resistance, reactance and impedance for an a.c. circuit.

Solution,
Resistance (R) Reactance (X; or X.) Impedance (2)
1. It is opposition to the flow of It is resistance offered by a pure | It is effective resistance offered by
current by a pure resistor. inductor or pure capacitor to the | LR- or CR- or LCR-circuit to the
flow of a.c. flow of a.c.
v Vey Vey
2. R=— X or Xp=—% Fo=r
{ Loy Ty
3. R does not depend on frequency of | As fincreases, X, increases while | Z depends on reactance X; ~ X.
a.c. X decreases. X; =2nf L, X, « f . .
g1 Z={R" + (X -X¢)
C 2nfC c f
4. Power dissipation across R is Power dissipation is zero across X, | Power dissipation depends on
maximum. or X power factor,
cos ¢ =
JR + (X, =X
5. Current and voltage across Rare in | In X , voltage leads by 90°. In X, | Phase angle between voltage and
same phase. current leads by 90°. current depends on (X, ~ X ).
6. Unit of Ris Q. Unit of X, or X, is Q. Unit of Z is Q.
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Problem 5. Prove that high frequency a.c. can pass
through a pure capacitor easily but not through a pure

inductor. [Punjab 03, 04]
Solution.
Inductive reactance,
Xy=2nfL ie, X xf
Capacitive reactance,
Foamide . el
o fFE f

Clearly, for a high frequency a.c., X is small and X
is large. That is why a high frequency a.c. can pass
through a pure capacitor easily but not through a pure
inductor.

Problem 6. (i) Draw the graphs showing variation of
inductive reactance and capacitive reactance with fre-
quency of applied a.c. source. (if) Can the voltage drop
across the inductor or the capacitor in a series LCR circuit
be greater than the applied voltage of the a.c. source ?
Justify your answer. [CBSE OD 02 ; D 05]

Solution. (i) Inductive reactance, X, =2nf L ie.,
X, =« f. As shown in Fig. 7.58(a), graph of X, against fis
a straight line with a positive slope. As f increases, X
also increases.

X; Xe
= f—
(a) ()
Fig. 7.58 2
- 1 ] 1
Capacitive reactance, X.=——— i, X c—
P O . Volah

Figure 7.58(b) shows the variation of X with f. As f
increases, X~ decreases.

(i) Yes, the voltage drop across the inductor or the
capacitor in a series circuit can be greater than the applied
voltage. These two voltages are not in same phase, hence
they cannot be added like ordinary numbers.

Problem 7. A capacitor blocks d.c. and allows a.c. to
flow through it. Explain. [Haryana 95, 01]
Solution. The reactance of a capacitor is given by

1 ; 1
X 3% fC ie, Xoc 7

Frequency of d.c, f =0, therefore, X-=c. That is
why a capacitor does not allow d.c. to flow through it i.e.,
a capacitor blocks d.c. For a.c., frequency f has a finite value
and value of X . is comparatively smaller. Thus a capa-
citor allows a.c. to flow through it. The conduction of a.c. is
due to continuous charging and discharging of the capacitor.

1.7

Problem 8. You are given an air coil, a bulb, an iron
rod and a source of electricity. Suggest a method to find
whether the given source is d.c. or a.c. Explain your
answer. [CBSE F 93C, 94]

Solution. The air core coil, bulb and the source of
electricity are connected in series.

If the bulb shines brightly, the source must be d.c.
type. The insertion of iron rod in the core coil will not
affect the bulb’s brightness. This is because for a d.c.
source ( f =0), inductive reactance

X, =2n fL=0

If the bulb shines dimly, the source is a.c. type because
now the coil offers reactance X . The bulb will dim further
when the iron rod is inserted in the coil which increases
the coil’s reactance.

Problem 9. Figures 7.59(a), (b) and (c) show three a.c.
circuits in which equal currents are flowing. If the
frequency of emf be increased, how will the current be
affected in these circuits ? Give reason for your answer.

[CBSE OD 04C ; D 11C]

R 5 lCl
YVy 1
€ E &
o 0o o\
Yy o L)

(a) (&) (c)
Fig. 7.59

Solution. (a) R is not affected by frequency. So current
does not change on increasing f.

(b) Inductive reactance, X; =2n f L. When the
frequency f is increased, X, increases and hence current
in the circuit decreases.

1
C o fiC
quency f is increased, X~ decreases and hence current in
the circuit increases.

Problem 10. Does the current in an a.c. circuit lag, lead
or remain in phase with the voltage of frequency applied
to the circuit, when () f =f, (i) f <f and (i) f > f_,
where f, is the resonant frequency ?

(c) Capacitive reactance, X . As the fre-

[CBSE OD 06]

Solution. (i) f = f, occurs when X = X.. Then the
circuit becomes purely resistive. So current and voltage
will be in the same phase.

(i) X, =2n f L and Xc=ﬁ

When f < f,, X, is small and X is large.

The circuit is capacitive. So current leads the voltage
in phase.

(iif) When f > f , X, is large and X is small.

The circuit is inductive. So current lags behind the
voltage in phase.
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Problem 11. When a.c. circuit with L,C and R inseries
is brought into resenance, the current has large value.
Why ? If the capacitance C is increased, will current
increase or decrease ? Explain with suitable relation.

[CBSE Sample Paper 1990]

Solution. The impedance of a series LCR-circuit is

given by
1 2
Z= R2+(mL——]
oC

When the circuit is brought into resonance,
! and z=R

wL=—

aC

Thus the impedance Z of the circuit is minimum at

‘resonance and hence the current through the circuit is
maximum.

If capacitance C is increased, the reactance 1/wC
decreases and so impedance Z increases. Consequently,
the current decreases.

Problem 12. In the cirenit shown in Fig. 7.60, R
represents an electric bulb. If the frequency of the
supply is doubled, how should the values of C and L be
changed so that the glow in the bulb remains

unchanged ? [CBSE Sample Paper 08]
R C : L
1\
L
Fig. 7.60
Solution. Current in the LCR-cireuit is given by
eff 1 2
R 4| onie
\[ (2=

When the frequency f of the supply is doubled, both
the values of L and C should be halved, so that the

reactance [2@L—L] remains unchanged and hence

current in the circuit remains the same. Then the glow of
the bulbs will remain unchanged.

Problem 13. An electric heater is connected, turn by
turn, to a d.c. and a.c. sources of equal veltages. Will the
rate of heat production be same in the two cases ?
Explain. [CBSE Sample Paper 11]

Solution. The element of the heater is a coil, having
inductance Land resistance R. Hence, for a.c., its effective

resistance( Z=vR*+ mzf) will be greater than its pure

resistance R for d.c. Consequently, for the same voltage, the
rate of heat production will be less for a.c. than that for d.c.
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Problem 14. An inductor ‘L’ of reactance X, is

connected in series with a bulb ‘B’ to an a.c. source as
shown in Fig. 7.61.
Briefly explain how
does the brightness of the
bulb change, when (i)
number of turns of the
inductor is reduced and
(ii) a capacitor of reac-
tance X . = X, is included
in series in the same
circuit. [CBSE D 02;15]
Solution. (i) When the number of turns in the inductor
is reduced, its reactance X, decreases. The current in the
circuit increases and hence brightness of the bulb increases.

(if) With capaciter of reactance X .=X,, the

impedance Z = \/R? + (X2 - X.)* = Rbecomes minimum.
The current in the circuit becomes maximum. The bulb
glows with maximum brightness.

Problem 15. A light bulb and an epen coil inductor
are connected to an a.c. source through a key as shown in
Fig. 7.62.

The switch is closed and after some time, an iron
rod is inserted into the interior of the inductor. The glow

Fig. 7.61

of the light bulb : (a) B L
increases ; (b) decreases ; - O
(c) is unchanged, as the ,
iron rod is inserted. Give T
your answer with reasons. A.C. mains
What will be your o O
answer if ac source is

Fig. 7.62

replaced by d.c. ?
[CBSE D 15 ; NCERT]
Solution. When the iron rod is inserted in the coil, its
inductance L increases p_ times. Consequently, its
reactance, X, = 2nfL increases.

Hence the impedance Z = R* + )(,_2 of the circuit

increases. This decreases the current and also the glow of
the bulb decreases.

When the a.c. source is replaced by a d.c. source, the
glow of the bulb increases and the insertion of iron rod
into the inductor does not affect the glow of the bulb. This
is because ford.c, f=0 and X, =2nfL=0.

Problem 16. An electric lamp having coil of
negligible inductance is connected in series with a
capacitor and an a.c. source. How does the brightness of
the lamp change on reducing the (i) capacitance, and (ii)
the frequency ? Justify your answer.

Solution. Capacitive reactance, X.= e

2nfC
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(i) When capacitance C is reduced, X increases.
The current through the circuit decreases.
Hence the brightness of the bulb decreases.
(i) When frequency f of ac. decreases, X.
increases. The current decreases and hence
brightness also decreases.
Problem 17. A capacitor ‘C’, a variable resistor ‘R’ and
a bulb ‘B " are connected in series to the a.c. mains in
circuit as shown in Fig. 7.63. The bulb glows with some
brightness. How will the glow of the bulb change if (i) a
dieleciric slab is intro- c
duced between the plates
of the capacitor, keeping
resis- tance R to be the
same ; (ii) the resistance R
is increased keeping the
same capacitance ?
[CBSE D 14]
Solution. (/) When the dielectric slab is introduced, the
capacitance C increases. This decreases the capacitive
reactance (X =1/®() and increases the current in the
circuit. Therefore, the bulb glows with more brightness.
(1i) When the resistance is increased, the current in the
circuit decreases. This decreases the glow of the bulb.

Problem 18. The current flowing through an inductor
of self inductance L is continuously increasing. Plot a
graph showing the variatien of :
(i) Magnetic flux versus the current
(ii) Induced emf versus dI /dt
(iii) Magnetic potential energy stored versus the
current. [CBSE D 14]

Mains

Fig. 7.63

Solution. (i) As ¢rec I, so +
the graph of ¢ versus ['is a s
straight line as shown in -~ %
Fig. 7.64(a) <
g
Gy AsB o, @e B
dt =
graph of € versus % is a Current (I) —»
straight line with € on the Fig. 7.64 (a)
~ve side.
a, a
dt dt
g 5
§ §
=
i g
3 5
: :
dl . When | increases
{ | When Jp ncreases + ki
at a constant rate
Fig. 7.64 (b) (c)
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T
(i) Magnetic energy S
stored, =
o
U
u=2rp §
2 o
5 7l
= el éﬂp
So the graph of U versus :
I is a parabola as shown in Siityertt (1) —>
Fig. 7.64(d). e sk 15

Problem 19. Show graphically the variation of
instantaneous power P with angle ot when alternating
voltage V =V sinwt is applied across (i) a pure resistor
(ii) a pure inductor and (iii) a pure capacitor.

Solution. (i) Instantaneous veltage and current are in
same phase in a pure resistor.

V = V,sinwt and [ =[sinwt

Instantaneous power, P =V] = Vy J'nsinzmt
P

ViloF

3n © 5t 3n 7m 2n of

2 & Z &

=la
ST =

Fig. 7.65 (a) Variation of instantaneous power with
ot in a resistive a.c. circuit,

Instantaneous power is +ve at every instant except
when both V and I are zero.

(if) In a pure inductor, current lags behind voltage by a
phase angle of n/2

V = V,sinot and I = Iysin(of -1 /2)= ~Icos ot
Instantaneous power,
V.
P=VI= —anosin wlcoswt = —%sin 2ot
Py
Valo

+_-
o y T2 | n__, 3nR2 i 2n o
/4 3n/4 Sm/4 /4 of
Vi |

2

Fig. 7.65 (b) Variation of instantaneous power with ot in
an inductive a.c. circuit.

(iii) In a pure capacitor, voltage lags behind the
current by a phase angle of n/2.

V = Vysinot, and I = I,sin(of + n/2) = I,cos o
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Instantaneous power,
. V.1
P = VI = V;I,sin ot cos ot = -L’z—'}-sin 2wt
Py
PoVy

+ -
2 /\
0 . 2 Mebo 3n2, 2n
/4 w 5n/d w wt

Fig. 7.65 (c) Variation of instantaneous power with wt in
a capacitive a.c. circuit.

PyVy
2

Problem 20. On the basis of power dissipation in a.c.
circuit, distinguish between resistance, reactance and
impedance.

Solution. (i) Power dissipation is maximum across a
resistance.

(ii) Power dissipation is zero across reactance X | or X ..

(iif) Power dissipation across impedance Z depends
on power factor cos ¢ in accordance with the relation

B =V I

av s ° - 008 ¢"

rms

Problem 21. At an airport, a person is made to walk
through the doorway of a metal detector, for security
reasons. If she/he is carrying anything made of metal,
the metal detector emits a sound. On what principle
does this detector work ?

Solution. Principle of a metal detector. A metal
detector works on the principle of resonance in a.c.
circuits. When we walk through a metal detector, we are,
in fact, walking through a coil of many turns. The coil is
connected to a capacitor tuned so that the circuit is in
resonance. When we walk through with some metal in
our pocket, the impedance of the circuit changes —
resulting in significant change in current in the circuit.
This change in current is detected and the electronic
circuit sounds as an alarm.

Problem 22. A radio frequency choke is air-cored
whereas an audio frequency choke is iron-cored. Give
reason for this difference. [CBSE D 97]

Solution. Inductive reactance of a coil of inductance L
is given by X, =2nfL

Radio frequency is a high frequency. To maintain X ;
low, L should have a small value. This is obtained by
using an air-cored choke for which p =1.

On the other hand, audio frequency is a low
frequency. To maintain a sufficient value of X, Lshould
have a large value. This is obtained by using iron core for
which p has a large value.

Problem 23. (a) Obtain the expression for the magnetic
energy stored in a solenoid in terms of magnetic field B,

PHYSICS-XII

B,area A and length [ of the solenoid. (b) How does this

magnetic energy compare with the electrostatic energy

stored in a capacitor ? [NCERT ; CBSE D 15C)
Or

Starting from the expression for the energy

W= % LI2, stored in a solenoid of self-inductance L to

build up the current I, obtain the expression for the
magnetic energy in terms of the magnetic field B,area A

and length / of the solenoid having n number of turns
per unit length. Hence show that the energy density is

given by 3212},10. [CBSE D 13‘C]

Solution. The work.done against the induced emf in
building up the current from 0 to I is

W = [aw —J’Emr—jfﬂ fdr—j’udf “lip
= b PV i N 2

The magnetic energy stored in the solenoid is

2
L | B

U,=W==LF==1| — > B=pnl

W= B D] b

1 B :
== (ponzAI}[-—-—] [+ L=pn*Al)
2 Mgt
or UB=—LBZA!
2pg,

(b) The magnetic energy stored per unit volume of the
solenoid is

o il
5 = -
Vi, Al
[Here V is volume that contains flux]
or U = —Bi 00
2p,

We know that the electrostatic energy stored per unit
volume in a parallel plate capacitor is

2
Uy = % ey E -(2)
In both the cases energy is proportional to the square
of the field strengths, Egs. (1) and (2) are general and valid
for any region of space in which a magnetic field or/and
an electric field exist.
Problem 24. Give two disadvantages of transmitting
a.c. over long distances at low voltage and high current.
[CBSE OD 96C]
Solution. Following are the disadvantages of trans-
mitting electrical power at low voltage :

1. Large lengths of transmission cables have sufficient
resistance. Hence a large amount of energy (I*Rt)
will be lost as heat during transmission.

2. Large voltage drop (IR) occurs along the line wire.
Hence the voltage at the receiving station will be
much smaller than that at the generating station.
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Problem 25. 11 kilowatts of power can be trans-
mitted in two ways :

() 220 volts at 50 amperes and

(i) 22,000 volts at 0.5 ampere.

Which is economical ? Give reasons for your choice.

[CBSE F 11]

Solution. Let R be the resistance of the transmission
line

(7) When 11 kW power is transmitted at 220 V at 50 A,
the line loss is

I?R = (50)* x R = 2500 R

(11) When 11 kW power is transmitted at 22,000 V at
0.5 A, the line loss is

I’R=(05%R=025R

Thus the line loss in case (ii) is much less than that in
case (i). It is more economical to supply 11 kW power at
22,000 V at 0.5 A.

Problem 26. (a) Out of the arrangements, given
below for winding of primary and secondary coils in a
transformer, which arrangement do you think will have
higher efficiency and why ?

(b) Show that in an ideal transformer, when the
voltage is stepped up by a certain factor, the current gets
stepped down by the same factor.

(c) State any two causes of energy loss in a
transformer. [CBSE Sample Paper 11)

(b)
Fig. 7.66

Solution. (@) Arrangement (a) will have a higher
efficiency, because leakage of flux is minimum (almost
zero) when the primary envelopes the secondary.

(b) For an ideal transformer,

Input power = Output power

€,1,=€1
Sy
E, I

So, when € _ increases, I, decreases in the same ratio.
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(c) The reasons for energy loss in a transformer are :
1. Resistance of the windings due to which
energy is lost as heat (IZR).
2. Flux leakage because all the flux of primary
does not pass through the secondary.

Problem 27. Box’ A, in the set up shown in Fig. 7.67,
represents an electric device often used/needed to
supply, electricity power from the (ac) mains, to a load.
It is known that V < V,.

ll;lxpcu £ V; }A ‘I’J v, é: Load
Y o
Fig. 7.67

(a) Identify the device A and draw its symbol.

(b) Draw a schematic diagram of this electric
device. Explain its principle and working.
Obtain an expression for the ratio between its
output and input voltages.

(c) Find the relation between the input and
output currents of this device assuming it to
be ideal. [CBSE Sample Paper 13]
Solution. (a) The device is a
step-down  transformer. Its

symbol is shown in Fig. 7.68.

o 0

(b) For transformer, refer
answer to Q. 32 on page 7.43.

(¢) Refer to the solution of

part (b) of the above problem. Fig. 7.68

Problem 28. A simple a.c. generator having a constant
magnetic field is connected to a resistive load. Explain
with reasons what will be the effects of doubling its
speed of rotation on the iollowing :

(a) the frequency of rotation,

(b) the generated emf, and

(c) the mechanical power required to rotate the
generator ? [CBSE F 95]

Solution. The maximum emf induced in a generator is
given by

E’U = NBA®

When speed of rotation (o) is doubled,
(a) Frequency of a.c. will be doubled.
(b) emf gets doubled.

(c) Mechanical power required to rotate the
generator also gets doubled.
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H 0 T s Problems on Higher Order Thinking Skills

Problem 1. Two bulbs B, . - Fig. 7.70 shows the plot of current versus frequency
and B, are connected in series M of a.c. source. At the resonant frequency, f = f,, the

with an a.c. source of emf 200 [—Vi—d—V,—| current is maximum. Sharpness of the current peak
V, as shown in Fig. 7.69. The indicates the sharpness of resonance or Q-factor.
labels on the bulbs read 200 V, 200V e 1
60 W and 200 V, 100 W 0 o " 2xlLC
respectively. - 1
Calculate the ratio of : Fig. 7.69 %
(i) the resistances of the bulbs, Rj/R,. 3
(if) the power being consumed when connected in
series, B/PB,.
(iti) the p.d. across the bulbs, V|/V,. [ISCE 03] f=f Frequency —
Solution. (#) Hel:! P, =60 W, sz =100 W Fig.7.70
.. Now R, = 2 and R, = v Problem 3. Mention the factors on which the resonant
P P, frequency of a series LCR-circuit depends. Plot a graph
R, B _100 _ 5.3 showing variation of :'mpf’dance of a series LCR-circuit with
R, T P, i the frequency of the applied a.c. source. [CBSE OD 05]

Solution. The resonant frequency of a series

G E At cRv. e o LCR-circuit depends on the values of inductance Land

B =PR and B,=1 R, capacitance C. In fact,
1
Hence %=%=5=3» f’_erJLC
(iii) P.D. across bulb B, V, = IR, The variation of impedance Z with frequency f for

a series LCR-circuit is shown in Fig. 7.71.

P.D. across bulb B, V, =1IR,
i = IR, = R =5:3 T
Vv, R, R =

Problem‘2. You are given three circuit elements X,Y

] Rf----% 1
and Z. When the element X is connected across an a.c. N

E A L™ (7S
source of a given voltage, the current and the voltage are in !
the same phase. When the elementY is connected in series :
with X across the source, voltage is ahead of the current in i S

phase by =/ 4. But the current is ahead of the voltage in phase
by m/4 when Z is connected in series with X across the ¥3.7.71

source. Identify the circuit elements X,Y and Z. Problem 4. Fig. 7.72 shows a light bulb (B) and an iron
When all the three elements are connected in series across  cored inductor connected to a DC battery through a switch (S).
the same source, determine the impedance of the circuit.

Draw a plot of the current versus the frequency of
applied source and mention the significance of this plot.
[CBSE OD 15]

Splution. X is a resistor, Y is an inductor, Cis a
capacitor.

Clearly, X; =X, so the impedance of the series
circuit is Z =R +(X, -X.)* =R

Fig. 7.72

(1) What will one observe when switch (S) is closed ?
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(ii) How will the glow of the bulb change when the battery is
replaced by an a.c. source of rms voltage equal to the voltage of
DC battery ? Justify your answer in each case. [CBSE SP 08]

Solution. (i) When the switch S is closed, the glow
of the bulb gradually increases till it becomes maximum.

Reason. As the current starts growing, a back emf
(E =- L%) is induced in the inductor. This delays the

growth of current to its final steady value in the circuit.
(i1) The glow will decrease.

Reason. When the ac source replaces the battery, the
iron-cored inductor begins to offer a large reactance. The
impedance of the circuit increases and current decreases.

Problem 5. When a circuit element ‘X’ is connected
across an a.c. source, a current of N2 A flows through it and
this current is in phase with the applied voltage. When
another element ‘Y" is connected across the same a.c. source,
the same current flows in the circuit but it leads the voltage
by n/2 radians.

(1) Name the circuit elements X and Y.

(ii) Find the current that flows in the circuit when the
series combination of X and Y is connected across the
same a.c. voltage.

(iii) Plot a graph showing variation of the net impedarce
of this series combination of X and Y as a function of
the angular frequency of the applied voltage.

[CBSE Sample Paper 08]

Solution. (i) The circuit element X is a resistor and Y

is a capacitor.

Vetr
(i) Here R=X. =

When X and Y are connected in series, the impedance
becomes

Z=|R*+X2=2R*=\2 R

Vaﬁ Veﬁ‘ _..'JZ_R

NG WL e

(ifi) Impedance, Z =[R? + X2 = /Rz +2Lc2
[}

The Z-o graph will be of the type as shown in
Fig. 7.73.

N —

Fig. 7.73
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Problem 6. Three students X, Y, Z performed an experi-
ment for studying the variation of alternating currents with
angular frequency in a series LCR-circuit and obtained the
graphs shown below. They all used a.c. sources of the same
rms value and inductances of the same value,

What can we (qualitatively) conclude about the

(i) capacitance values

(ii) resistance

used by them ? In which case will the quality factor be
maximum ?

What can we conclude about nature of the impedance of the
setup at the frequency wg ? [CBSE Sample Paper 08]

’T

ay

Fig. 7.74

Solution. (i) Clearly, the resonant frequency w, is
same for all the three graphs X, Y and Z

x
ASU]D=—mandlx=LY=LZ,SOCX=CY‘—‘CZ.

(1i) The maximum value of current at resonance is

& . 1
I =i— e, I« R
T S N
Ry <Ry <R,
Quality factor, Q = "’?f“

As mand Laresamemallthmecases,sororlﬁ
Now Ry <Ry, <R,, so Qy>0Q, >Q,
i.e., Q is maximum in case X.
At resonance frequency @, X; =X, so
Z=\R*+(X, -X.)* =R,

Thus the impedance of the circuit is purely resistive
in nature.

Problem 7. For a series LCR circuil, connected to a
sinusoidal a.c. voltage source, identify the graph that

corresponds to > 1 Give reason.

JLC

[CBSE OD 07C]
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A
Y
== By PR /I
Y \
't : .r' \\ of ¢
i »
; ’ n LY 2n b
Ve . z
e & 5%
(@)
A vV
ks -
=i -i\ !I A
.4 y Sl
of\ T\ 2« W
4 r
» )
(b)

Fig. 7.75
Solution. For m>% , X; (=ol) is large and

X-(=1/wC) is small. The circuit is inductive. So
voltage V is ahead of current I. This situation
corresponds to graph (a).

Problem 8. The graphs shown below, depict the
variation of current i, vs. angular frequency (@) for two
different series LCR-circuits.

1.0-

T

< 05-

X

0.0 S Eaid .y s ‘ .I
05 1.0 15 2.0
®, M rad/s -
Fig. 7.76
Observe the graphs carefully :

(i) State the relation between the L and C values of the two
circuits, when the current in the two circuits is
maximunt.
(if) Indicate the circuit for which

(a) power factor is higher

(b) quality factor (Q) is larger.
Give reasons for each case. [CBSE D 09C]
Solution. (i) Clearly, the current in the two LCR-

circuits is maximum for the same angular frequency,
o, =1.0 Mrad/s.

PHYSICS-XII
For each circuit,
o i ﬁ or  LiG=LG
(if) (a) At resonant frequency @,
Z=R

So, power f_actor for both circuits is same and is
equal to unity.

R
=—=1
cosd >

(b) As the resonance peak is sharper for circuit (i),
so it has a larger Q-factor.
Problem 9. Figure 7.77 shows how the reactance of an
inductor varies with frequency,
(1) Calculate the value of the inductance of the inductor
using the information given in the graph.
(if) If this inductor is connected in series to a resistor of
8 ohm, find what would be the impedance at 300 Hz ?

[CBSE OD 03C]
A
Ea— ~~~~~~~~~~~~~~~~~
=X
g‘" """"""""""" .
b i a5
& i35 i
2 i :
1 H |
H ! i
0 100 200 300 400 500
Frequency (Hz)
Fig. 7.77
Solution. () Inductance,
s -—-—XL
2n f

1
= ﬂx slope of X; - f graph
«.lx 8=0."_ 1
2n 400-0 100m
(i7) From the given graph, when f =300 Hz, X; =6Q

-, Impedance, Z = R* + X = /8% +6? =10Q.

Problem 10. [n the circuit shown in Fig. 7.78, the current
is found to lag behind the voltage by an angle of 36.9°.

R=40Q L

=3.18x10°H.

Fig. 7.78
110W
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Cal L"n.'ate t'Fre As 7= Eﬁ_ -[rR?2+ XLZ

(1) inductive reactance, I

(ii) impedance of the circuit, 110 _

: [ an2 2

(iif) current flowing in the circuit, and 2 10 100" + X
(iv) frequency of the applied emf. or = 1102 —100% = 3100 =458 Q

Take L=0.1 H, c0s36.9°=4/5and tan36.9°=3/4.

[1SCE 02] hes i B8 s,

2nf 2x3.14x50

X
Solution. (i) As tan ¢=—L
R Problem 13. Figure 7.79 given below shows how the

X, = R tan =40 tan 36.9° reactance of a capacitor varies with frequency.
3 (f) Use the information on graph to calculate the value
=40x 4 30Q. of capacity of the capacitor.
e (if) An inductor of inductance ‘L' has the same reactance
(f) dmpedance. g ) as the capacitor at 100 Hz. Find the value of L
Z=\R"+ X" (iti) Using the same axes, draw a graph of reactance
against frequency for the inductor given in part (ii).
= /40% +30% =50 Q. ; i 4 i :
(iv) If this capacitor and inductor were connected in
E 110 series to a resistor of 109, what would be the
@iii) 1, = ;' 50 =22A impedance of the combination at 300 Hz ?
30 [CBSE D 03C]
v) Frequency, f=—= =47.75 A.
() unYfZKLZXOI 14

Problem 11. A 50 W —100 V electric bulb is to be used

10
on a200 V - 50 Hz a.c. supply. Calculate the inductance of %
the lamp so that it may glow with its riormal brightness. w8
(Take m=3) [CBSE Sample Paper 03] 56
P 50W 1 g
Solution. I, , =—=——==A = 4
PV 10008 2 )
Voltage across inductance [,
3 ~ 0 100 200 300 400
VL=1’Ve_ﬂ'_VR Frequency (Hz) —»
Fig. 7.79
= J(200)% - (1002 =100 V3 V ,
Solution. (i) For f 100 Hz, X =6Q

The bulb will glow with its normal brightness if the A
same current flows through it. Therefore, the reactance K= 2% f C

of inductance L, 1 1
C= =
XL=_VL=100’/§=200J§Q 2n fX- 2mx100x6
I 1/2
ms 1/ =2.65x107*F.
g (ii) For £=100 Hz, X, =X, =60
u or = = =
W8 L n
2nf 2x3x50 As X =2nfL
Problem 12. A coil draws a current of 1.0 A and a power = x = 6 =9.459x 102 H.
of 100 W from an a.c. source of 110 V and 50 Hz. Find the 27 f 2mx100
resistance and the inductance of the coil. (iii) As X, o f, so values of X, at different values of

Solution. As power is dissipated only by ohmic f are as follows :

resistance, therefor; - f(Hz) | 100 200 300 400

“E " nop o x@| s e 1| 24
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) (if) As VL == Irms XL
g vV
2 ) LT
I.. 0.65
g 16 : rms
g ., : or 27fL=313.85Q
£ s i 313.85 _ 313.85
P or L= =
5 : : 2nf  2rx 50
: 00 200 300 400 A
Frequency (Hz) —» () As V=1 X
i V
Fig. 7.80 y I—C = % =638.46 Q).
(iv) Now il
£ =300 Hz But % 4
¥ =i x 19 600 L °
== =—xXh=
e €=3 1 2 50163846
%=L xx, =610 ik Neny o
i S . =5x10"* F=5uF.
Z=RE+(X -X.7 (iv) Suppose a capacitor of capacitance C’ produces
B 1= %c resonance with an inductor of 1.0 H Then
10% + (18 -2)* =356 = 18.87 Q. Infl = —1
27fC
Problem 14. A series LCR-circuit is connected'to an a.c. m‘.l 1
source (220 V — 50 Hz), as shown in Fig. 7.81. If the voltages or C = 5= 3
of the three voltmeters V, V, and V; are 65V, 415 V and _ 4’ 2L 4x9.87 % (50)" x 1.0
204 V respectively, calculate : =10.1x 10" © =10.1 F.

(i) the current in the circuit, Problem 15. Show that if a coil of self-inductance L and
(i) the value of the inductor L, resistance R is connected to a source of emf, € =€  sin ot,
(ifi) the value of the capacitor €, and the average power consumed is L) EﬁR [(R? + o’ I2)
(iv) the value of C (for the same L) required to produce =

resonance. [ISCE 94] Solution. Given € = Eu sin wf
oL

I=1,sin(of -¢), where tan¢=E

The power is consumed only across the resistance

| E and not across the inductance. So average power

220V, 50 Hz consumed per cycle is

1T ; 1T .
= = o o
P _¥£ I Rdt-?i[losm (of — )R dt

’DZR} -

: =—— | 2 sin“(of - ¢) dt

Fig. 7.81 2T 5
Solution. Here € . =220V, f=50Hz, R=1009Q, JUZR

Vo =65V, V. =415V, V, =204 V =?J'Il-ws2(wt~¢)ldt
€ : = 5 2 2
(i) If I, be the current in the circuit, then _LR (T -0]= ZEQR i

V,=1__R 2T 2(R?+ 0* B)
R ™ “rms

€
V, 65 "
R . . e
or I = R 0.65 A. { 0 \|'|R2+f92L2]
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@ IDELINES TO NCERT EXERCISES

7.1. A 100Q resistor is connected to a 220 V, 50 Hz ac 7.6. Obtain the resonant frequency o, of a series LCR-circuit

supply. with L=2.0 H, C=32pFand R =10 Q. What is the Q-value
(a) What is the rms value of current in the circuit ? of the circuit ?
(b) What is the net power consumed over a full cycle ? Ans. Here L=2.0H, C=32uF =32 x10°F, R=10Q
Ans. Here, R=100Q, € =220V, f=50Hz Resonant frequency,
220 1
ol =—"=""=220A O, ==
@ Ims =" =100 " 4JLC
o) B, = Erms Lys =220x2.2=484 W. - 1 - 1000 =125 rad s !
7.2. (a) The peak value of an a.c. supply is 300 V. What is ,ﬁ.ﬂ x32x107° 8

the rms voltage ?

(b) The rms value of current in an a.c. circuit is 10 A. What Q-value
is the peak current ?

Ans. (a) Here €, =300V

_oL 125x20 _ 95

R 10

7.7. A charged 30 uF capacitor is connected to a 27 mH
inductor. What is the angular frequency of free oscillations of

€, =0707€, =0.707 x 300 = 212.1 V. B iveis 2
(b) Here ], =10 A Ans. Here C=30x10°F, L=27x10"H
ID = JE Ir,m =1.414 x10=14.14 A. LC.Ijhe .:.l:}gular fIEquenCy of free oscillations of the
7.3. A 44 mH inductor is connected to 220 V, 50 Hz a.c. N
supply. Determine the rms value of current in the circuif. ©= D _ 1
Ans. Here L=44mH=44x10"H, €, =220V, VIC 27 x10 x30x10°
=50z 1 4 -1 -1
I XL=21rfL=2nx50x44x1{J‘3Q _gxlﬂ rads™ =1.1x10°rad s7%.
ety g 220 = 7.8. Suppose the initial charge on the capacitor in Exercise

7.7 is 6mC. What is the total energy stored in the circuit
initially ? What is the total energy at later time ?

Ans. Here C =30 x10°F, g, =6 x107°C
Total energy stored in the inductor initially,

21t x50 x 44 x 10~

7.4. A 60 pF capacitor is connected to a 110 V, 60 Hz a.c.
supply. Determine the rms value of current in the circuit.
Ans. Here C =60 uF = 60 x 10°°F,

e
X,

2 -3y2
€, =110V, f =60 Hz uzugnn=%f(o?=%_(:0xl?oi =%=0.6]
Capacitive reactance, : J
1 At later times, the energy is shared between Cand L.
Xc= WC However, the total energy remains constant (=0.6]),
" | assuming that there is no loss of energy.
= =4420Q 79. i ircuit wit = =
2 %314 % 60 <60 < 10°° 79. A .smes LCR-circuit w:ﬂ-v R=20Q, L=15H and
_ C=35pF is connected to a variable-frequency 200V a.c.
I - E,. _ 110 _ 249 A supply. When the frequency of the supply equals the natural
s~y A T 442 ’ frequency of the circuit, what is the average power transferred to
the circuit in one complete cycle ? [Haryana 01]

7.5. In Exercises 7.3 and 7.4, what is the net power absorbed
by each circuit over a complete cycle ? Explain your answer.

Ans. The current through an inductor lags behind the

Ans. When the frequency of the a.c. source equals the
natural frequency of the circuit, the impedance is

emf by n/2 rad while the current through a capacitor is Z=R=200Q
ahead of the emf by n/2 rad. So in each case, The average power dissipated per cycle,
= £ _ 52 62 (zw)Z
P“"_E’“'*‘I""‘m(t 2)'9‘ ﬂv=$=—;’;s=~—m = 2000 W.
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7.10.A radio can tune over the frequency range of a portion
of MW (medium wave) broadcast band : (800 kHz to 1200 kHz).
If its LC circuit has an effective inductance of 200 u H, what
must be the range of its variable condenser ?

Ans. For tuning, the frequency of free LC-oscillations
should be equal to the frequency of the radiowave. The
value of this frequency is

1 1
- C=7
st - i 73 1
(i) For f =800 kHz = 800 x 10° Hz

1
C =
4n® x(800 x 10°)* x200x107°

= 197.8 x 107'2F =198 pF
[-1 PF = 10—12 F

(i) For f =1200 kHz = 1200 x 10°> Hz,

1
C= F
4n? x(1200 x 10°)* x 200 x 10” ®

=879 x107'? F = 88 pF
Thus the variable capacitor should have a range of
about 88 pF to 198 pF.
7.11.Figure 7.82 shows a series LCR-circuit connected to a
variable frequency 230 V source. L=50 H, C= 80 uF,R =40 Q.
(a) Determine the source frequency which drives the
circuit in resonance.

(b) Obtain the impedance of the circuit and the
amplitude of current at the resonating frequency.

(c) Determine the rms potential drops across the three
elements of the cireuit. Show that the potential drop
across the LC- combination is zero at the resonating
frequency. [CBSE D 06|

L &
R
€
o
7
Ans.Here V=230V, L=5.0H
C=80uF =80x10"°F, R=40Q
(a) The resonant angular frequency is
1 _ 1
" JLC  (5x80x107°)

Fig. 7.82

=50rads".

(b) Ato=0m,, oL= =1 , therefore,
g wC

2
Impedance, Z= R2+(mL—iCJ =R=40Q
@

PHYSICS-XII
Current amplitude
V.
= E‘] = Eﬂ (at resonance)
_2V,, 1414 x20_ooa
R
Vv 23023
I == ms _ = -
© m="R T30 &

. P.D. across L,
i xmrL=%f- x50 x5=1437.5 V
P.D. across C,

1
o C

T

12 VS
4 50x80x107°

P.D. across the LC-combination at the resonant

frequency
1
= Irms[&)rL“ (l)—rCJ =0

P.D. across R,

C
Vrms='!r s

rms

=14375V

R 23
Vims = Ipms X R= "7 x40=230V

= Applied rms voltage, as expected.

This is because the total potential drop across the
LC-combination is zero.

7.12.An LC-circuit contains a 20 mH inductor and a 50 pF

capacitor with an initial charge of 10 mC. The resistance of the
circuit is negligible. Let the instant the circuit is closed bet =0,

(a) What is the total energy stored initially. Is it
conserved during the LC-oscillations ?

(b) What is the natural frequency of the circuit ?

(c) At what times is the energy stored ?
(i) completely electrical (i.e., stored in the capacitor) ?
(ii) completely magnetic (i.e., stored in the inductor) ?

(d) At what times is the total energy shared equally
between the inductor and the capacitor ?

(e) If a resistor is inserted in the circuit, how much
energy is eventually dissipated as heat ?
[CBSE Sample Paper 98]
Ans.Here L=20mH=20x10"H;
C=50uF =50x10"°F
Initial charge on capacitor,
4o =10mC=10x10C
(a) Total energy stored initially
= 5;0.2. = ﬂ J=1]
2C 2x50x107°

Yes, the total energy is conserved in LC-oscillations
because the resistance of the LC-circuit is negligible.
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(b) The natural frequency of the circuit is

TS
2r LC
= 1 Hz
2x3.14 %20 x 107 x50 x 10
or  f=—— ' _1592=159Hz,
2x3.14x10

(c) The charge on a capacitor plate at any instant
during LC-oscillations is
2nt
q=q0cosmf=qocosT
(i) The energy stored will be completely electrical
when

q=1%4
2nt
or cos ——=%1
T
2nt
or %=m:, where nis an integer
or f=ET or t=0, I,T,E,...
2 2 2,

(if) The energy stored is completely magnetic when
the electrical energy is zero or when

2nt
q:qomsmf:qﬂoos?=0

2nt T
—=2n+1) -
or T ( )2
i S
t=(2n+1)— or t=—,—,—,...
or (2n )40 rawy
In both cases,
T=1__1 oo 628%10 =63 ms.
fill 159
145
Total energy =— —
(d) 8Y=37C

Let g be the charge on the capacitor at the instants
when the energy of capacitor becomes half of the total

But q= g, cos ot =g, cos ——

or c0s — =t—=*cos —
V2 4

7.69

2nt [n 31:)
or —— =nr+|—or —
T 4 4
or t=(4:r:+1)I or (41'1+3)I
8 8
A N i el i
or t=—,—, —, —, .
8 8 8 8

(e) R damps out the LC-oscillations eventually. The
whole of the initial energy = 1] is finally lost as heat.

7.13. A coil of inductance 0.50 H and resistance 100 Q is
connected to a 240 V, 50 Hz a.c. supply.
(a) What is the maximum current in the coil ?

(b) What is the time lag between the voltage maximum
and the current maximum ?

Ans. For an LR-circuit, if V = V; cos wt, then

V
I= 0 cos (of — ),
R? + o*P
where tan ¢ = o .
R
(a) Maximum current in the coil is
Ti= VU VI}

PR +oB - R4 IR

Given L=0.50H, R=100Q, Vq}‘ =240V

and  f=50Hz

L3 s V2 %240 A [
* 100 + 4n? x(50)? x(0.50)2
1414x240  1.414x240
"~ /10000 + 24674 1862

=182 A

(b) V is maximum at t =0, | is maximum att = L. (ie.,
®

when ot —¢=0). If ¢ is positive, this means current
maximum lags behind voltage maximum by time lag,

A2

w

2 2 ;
Now! o= dasn et XS 5 e

R 100
¢=tan"! (1.571)=57.5° = oL P
180

Tl A e O E

© 180x21m x50

=319x10%s =32 ms
7.14. Obtain the answers to (a) and (b) in Exercise 7.13, if
the circuit is connected to a high frequency supply
(240 V, 10 kHz). Hence explain statement that at very high
frequency, inductor in circuit amounts to open circuit. How
does an inductor behave in a d.c. circuit after the steady state ?
Ans. Here f = 10kHz = 10* Hz,
o=2nf =2t x10*rads™, € =240V
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s gt V2 x240
O R+ o2 10" + an? x10° x0.52
=1.08 x102A

Here the contribution of the resistance R is negligible
as compared to the reactance oL

PRI 2r x10* x0.5
R 100
which is very large. So ¢ is nearly equal to n/2 rad.
Thus we see that [, is much smaller (1.08 x 102A)
than its value (1.82 A) at high frequency. At high
frequency, L nearly amounts to an open circuit i.e., it
offers very large resistance. In a d.c. circuit (after attaining
steady state) =0, so Lacts like a pure conductor.
7.15. A 100 pF capacitor in series with a 40 Q resistance is

connected to a 110 V, 60 Hz supply.

=100 ~n

(a) What is the maximum current in the circuit ?
(b) What is the time lag between current maximum and
voltage maximum ?
Ans. For a CR-circuit, if V =V}, cos ot, then

v,
I= —0  cos (ot +4¢)
R+ 1
o® C*
where tand;=L
® CR
Here V. =110V, ©=2n f=2nx60rads™,

R=40Q, C=100pF=10"*F
(a) Maximum current in the circuit is

0 = JEV%’
2 1 2 __1 ’
\’R +c02C2 JR +m2?

1.414 x110

1
oy
\f (2r x 60 x 107*)?
_ 1414x110 15554
J1600+703.62 48
(b) The phase angle ¢ is given by
. f 1
@CR 27 x60x10~* x40
335n
180
335n
180 x 21 x 60
=155 x107%s =1.55 ms.

V

Iy=

=324 A

=0.6631

tan ¢ =

$=335°= rad

¢
Time lag, At = £ =
e lag, i

Here the voltage lags behind the current or the current
leads the voltage.

PHYSICS-XII

7.16. Obtain the answers to (a) and (b) in Exercise 7.15 if
the circuit is connected to a 110V, 12 kHz supply. Hence,
explain the statement that a capacitor is a conductor at very
high frequencies. Compare this behaviour with that of a
capacitor in a d.c. circuit after the steady state.

Ans. Here R=40Q, C=100puF=10*F,€ =110V,
f=12kHz =12x10° Hz
1 1
® X 2rfC 2mx12x10° x107*
L, - s . - 2%

™ R xZ Ja0? + (0133)

Iy=v2 1, =1414x275=389A

X~ 0133
b t =—C- """ _00033
(b) an ¢ >
or 6=02°=0°
Now in the absence of capacitor,
€. 4h
ms:—l;;‘ =E=2.HA

Hence at very high frequency (12 kHz), the current in
the circuit is same both in the presence or absence of the
capacitor. It follows that at high frequency, capacitor acts
like a conductor.

Forad.c.supply, f=0s0 X, = 1

2nfC i
Hence in a d.c. circuit, a capacitor amounts to an open
circuit i.e., it offers a very high resistance.

o

7.17. Keeping the source frequency equal to the resonating
frequency of the series LCR-circuit, if the three elements L, C
and R are arranged in parallel, show that the total current in the
parallel LCR-circuit is a minimum at this frequency. Obtain the
current rms value in each branch of the circuit for L=50H,
C =80 pFand R = 40Q and for the a.c. source of emf 230 V for
this frequency.

Ans. The effective impedance of the parallel LCR

combination is given by L
Yok 2 iy 000
—==4 -
Z R jol _1 c

joC "_"_—‘
R
or l:.}.+} (,)C_-L —AAA——¢
Z R oL
2 y .3
1 1 1 -
OF —= ik mC——L
1Z] ¥R ® Fig. 7.83

where | Z | is the modulus of the complex impedance Z.

Obviously, —— is minimum at ® = ©®, when ®C=—, so

1 Z] oL
that | Z | is maximum and the total current amplitude is
minimum. Hence, at resonance the current in the parallel
LCR-circuit is minimum.
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At resonance, Z = R. For total current in the circuit

v
rms ?;s=%=5'7SA
The rms current in the R branch is
Vv 230
R g
il I e
The rms current in the L branch is
v
,";m=---~”"‘=———230 =092A
° o, L 50x50
The rms current in the C branch is
v
Ic — Fms =V X(I)C
rms ].“:mrc rms r

=230x50x80x10° A =092 A

Note that the total current in the circuit is the same as
that in the R branch. This is because the currents in L and
C branches are 180° out of phase and add up to zero at
every instant of the cycle.

7.18. A circuit containing a 80 mH inductor and a 60 uF

capacitor in series is connected to a 230 V, 50 Hz supply. The
resistance of the circuit is negligible.

(a) Obtain the current amplitude and rms values.

(b) Obtain the rms values of potential drops across each
element.
(c) What is the average power transferred to the inductor ?
(d) What is the average power transferred to the capacitor ?
(¢) What is the total average power absorbed by the
circuit ?
Ans. Here L=80 mH = 80x10°H,
C=60p F=60x10"°F,
V=230V, f=50Hz
(a) Reactance of the circuit
1 1
Y ' R~ ot . 5 2n f C

2n f Le

1 |
27 x 50 x 60 x 10°°

21 x50 x 80 x 107> =

=|25.13-53.05|Q2=27.92Q

= _ Voms _ 230 A=824A
™S Reactance 27.92
Current amplitude,

Ip=+2 1, =1414x824=11.653 =117 A.

(b) Potential drop across L is
VE=1, xoL=824x2513=207V
Potential drop across C is

1
x— =824 x53.05=437 V.
* oC

rms

vE =1

(c) In an inductor, voltage leads the current by 125

therefore, average power transferred to the inductor per
cycle is

P =V, Il 006

av rms “rms 5

=0

(d) In a capacitor, voltage lags behind the current by-g,

therefore, average power transferred to the capacitor per
cycle is

n
R Imsms(—fz]zll

(e) Total average power absorbed = 0.

7.19. Suppose the circuit in Exercise 7.18 has a resistance of
15 Q. Obtain the average power transferred to each element of
the circuit, and the total power absorbed.

Ans. Here R=15Q
.. Impedance,

2
Z= |R*+ (mL-i)
oC

2
=J153+[2n x50x80x10—3-;4,]
2n x50 x60 x10
=,/225 + 779.5 =/1004.5 =31.7Q
Vrms m
© %) Y
Average power transferred to L

=7.255 A

rms

T
= off Itﬂ-COSE=U
Average power transferred to C
n
Average power transferred to R
=12 x R=(7.255)" x15="789.5W.

rms
7.20. A series LCR-circuit with L = 012 H, C = 480 nF,
R =23 Q is connected to a 230 V variable frequency supply.

(a) What is the source frequency for which current ampli-
tude is maximum ? Obtain this maximum value.

(b) What is the source frequency for which average
power absorbed by the circuit is maximum ? Obtain
the value of this maximum power.

(c) Forwhich frequencies of the source is the power trans-
ferred to the circuit half the power at resonant
frequency ? What is the current amplitude at these
frequencies ?

(d) What is the Q-factor of the given circuit ?

[CBSE OD 92C]
Ans. Here L=0.12H, C=480nF =480x10"F
R=23Q,V =230V
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(a) Current amplitude [, is maximum at the resonant

angular frequency
1

1 4
0 =——= rad s
" JLC  J012x480x10°
= 4167 rads™'
Resonant frequency, f, = % = 4716-2 =663 Hz
n T

The maximum value of current amplitude is
Vo _V2V,,, 2x230
9 R R
(b) The power absorbed is maximum at the same
resonant frequency (663 Hz) for which [, is maximum.

=141 A.

2
1 s o
Wl Re g
2
1 G0y
2 23

(c) The two angular frequencies for which the power
transferred to the circuit is half the power at the resonant

frequency, are

R
o=0tAo=0 +t —

2L
The corresponding frequencies will be
Aw
f=fxAf=f % B
ag- 1R -1 23

— A e

2 2m 2L 21 2x012

=15.25Hz =15 Hz
.. Required values of f
=663 = 15= 648 Hz and 678 Hz

At these frequencies, power absorbed =1

me

Now

As

P o 12, the current amplitude at these half-power points
1 . max. G
=1 =—=x141=997A=10A
NS,
(d) The Q- factor of the circuit is
0= o L - 4167 % 0.12
R 23

7.21. Obtain the resonant frequency and Q-factor of a series
LCR-circuit with L= 3.0 H, C = 27 pF, and R=74Q. It is
desired to improve the sharpness of the resonance of the circuit
by reducing its ‘full width at half- maximum’ by a factor of 2.
Suggest a suitable way.

Ans, Here L=3.0H,C=27uF =27x10° F, R=740Q

Resonant frequency,

1 1
M == .
" JLC [30x27x10°®
Q-factor of the circuit,
_ o, L_ 111><3.0_
Q= Ry - 74

=21.7.

=111 rad s*
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To improve sharpness of resonance by a factor of 2, Q
should be doubled. To double Q without changing ©_, R
should be reduced to half, ie., to 3.7 Q.

7.22. Answer the following questions :
(a) (i) In any a.c. circuit, is the applied instantaneous

voltage equal to the algebraic sum of the instantaneous voltages
across the series elements of the circuit ?
(ii) Is the same true for rms voltage ?

(b) A capacitor is used in the primary circuit of an induction
coil.

(c) An applied voltage signal consists of a superposition of a
d.c. voltage and an a.c. voltage of high frequency. The circuit
consists of an inductor and a capacitor in series. Show that the
d.c. signal will appear across C and the a.c. signal across L.

(d) A choke coil in series with a lamp is connected to a d.c.
line. The lamp is seen to shine brightly. Insertion of an iron core
in the choke causes no change in the lamp's brightness. Predict
the corresponding observations if the connection is to an a.c. line.

(e) Why is a choke coil needed in the use of fluorescent tubes
with a.c. mains ? Why can we not use an ordinary resistor
instead of the choke coil ?

Ans. (a) (i) Yes, because the voltage variations across
each element will follow the variations of the supply
voltage at all instants.

(if) No, the same is not true for rms voltage, because
voltages across different elements may not be in phase.

(b) When the primary circuit of the induction coil is
broken, high voltage is induced which gets used in
charging the capacitor. This avoids sparking in the circuit.

(c) Inductive reactance, X; =2n f L ie, X; o« f

1 ; 1
c = H: 1.e.; Xc = ?

For d.c., f =0, reactance of Lis zero and that of Cis
infinite, so the d.c. signal appears across C. For high
frequency a.c., reactance of Lis high and that of C is low.
So the a.c. signal appears across L.

(d) Ford.c, X, =0.Inductance Lhas no effect even if it
is increased by inserting iron core. But for a.c., the lamp
will shine dimly because of the impedance offered by the
choke. When the iron core is inserted, impedance of the
choke further increases and the lamp will dim further.

(e) If a fluorescent tube is connected directly across a
220 V source, it would draw large current which would
damage the tube. With the use of choke coil, the voltage is
reduced to an appropriate value, without wasting any
power. A resistor would waste a large amount of electrical
energy as heat. So an ordinary resistor cannot be used
instead of a choke coil.

7.23. A power transmission line feeds input power at 2300 V
to a step down transformer having 4000 turns in its primary.
What should be the number of turns in the secondary to get
output power at 230 V' ? [CBSE D97]

Capacitive reactance, X
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Ans.Here € =2300V, N, =4000.€, =230V, N, =?

N.
As z

mlmm

1 Nl
€

L= Ny . 2L = 4000 x 0.
€, 2300

7.24. At a hydroelectric power plant, the water pressure
head is at a height of 300 m and the water flow available is
100 m®s~ L. If the turbine-generator efficiency is 60%, estimate
the electric power available from the plant. (g = 9.8 ms™2).

Ans. Hydroelectric power

_ Work
~ Time

Z

=400 turns.

_ Force xdistance
3 Time
= Pressure xarea x velocity
=hpgxAxv=hpg xp
where B = Av= volume of water flowing per second
across a cross-section.

Electric power available

= 60% of total hydroelectric power
= 0.6 hpgh

= 0.6 x300 x 10° x9.8 x 100 W
=176.4 x10° W =176 MW.

7.25. A small town with a demand of 800 kW of electric
power at 220 V' is situated 15 km away from an electric plant
generating power at 440 V. The resistance of the two-wire line
carrying power is 0.5 Q per km. The town gets power from the

line through a 4000-220V step-down transformer at a
substation in the town.

(a) Estimate the line power loss in the form of heat.

(b) How much power must the plant supply, assuming
there is negligible power loss due to leakage ?

(c) Characterise the step-up transformer at the plant.
[CBSE Sample Paper 03]

Ans. Line resistance
= Length of two-wire line
x Resistance per unit length
=2x15km x05Q km™ =15Q

20V 4000 V 40V 5
15 km
800 kW
15 km
o 0
Town Power
sub-station plant
Fig. 7.84

7.73

Voltage at which power is sent through the line
= 4000V
Power supplied to town sub-station
= 800 kW =800 x10° W
-, rms value of current in the line
Power =_800 x10°

- A=200A
Voltage 4000

(a) Line power loss
= I*R =(200)® x 15 W = 600 kW.

(b) Power supplied by the plant
= Power received at sub - station
+ line power loss
= 800 + 600 =1400 kW.
(c) Voltage drop on the line
= IR =200 x15=3000 V
Voltage output of the step-up transformer at the plant
= 4000 + 3000 = 7000 V
Hence the step-up transformer at the plant is
440 - 7000 V.

7.26. Do the same exercise as above with the replacement of
the earlier transformer by a 40000-220V step-down
transformer (Neglect, as before, leakage losses though this may
not be a good assumption any longer because of the very high
voltage transmission involved). Hence, explain why high
voltage transmission is preferred.

Ans. The rms current in the two-wire line
_ 800x10° W
40,000 V

=20A

(a) Line power loss
= I?R=(20)* x15=6000 W = 6 kW.
(b) Power supplied by the plant
= 800 + 6 =806 kW.
(c) . zedrop on the line
=IR=20x15=300V.
Voltage output of the step-up transformer at the plant
= 40,000 + 300 = 40,300 V
The step-up transformer at
440 V-40,300 V.
Power loss in exercise 7.25
600
1400
Power loss in exercise 7.26

=5 1100=074%
806

the plant is

x 100 = 43%

Thus the percentage power loss is greatly reduced by
high voltage transmission. At high voltage transmission, a
small current flows and hence power loss is less (P o« | A
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Text Based Exercises

ﬂ'YPE A : VERY SHORT ANSWER QUESTIONS (1 mark each)

5

What is an alternating current ? Write an expression
for its instantaneous value.
What is the frequency of direct current ?
[Himachal 99C]
Define the mean value of an alternating current.
[Punjab 01]
Define the root mean square value of an alternating
current. [ISCE 95 ; Punjab 01]
What is the relation between peak value and the
root mean square value of an alternating emf ?
[Haryana 01]
The instantaneous current from an a.c. source is
I = 5sin 314 t. What is the rms value of the current?
[CBSE OD 96, 2000]
The instantaneous voltage from an a.c. source is
given by € = 300sin 314 . What is the rms voltage
of the source ? [CBSE OD 2000]
The emf of an a.c. source is given by the expression :
€ = 300sin 3141
Write the values of peak voltage and frequency of the
source. [CBSE D 93C]

9. What is peak value of voltage for 220 V a.c. ?

11.
12.
13.

14,

16.
17.

18.

19.

20.

21.

The divisions marked on the scale of an a.c.
ammeter are not equally spaced. Why ?
What is form-factor ?
Define inductive reactance. Give its SI unit.
Define capacitive reactance. Give its SI unit.
[CBSE D 15]

How does the capacitive reactance depend on
frequency of a.c. 7
How does inductive reactance depend on frequency
of a.c. ?
What is the SI unit of 1/ @C?
What is the reactance of a capacitor of capacitance C
at f hertz ? [ISCE 97]
What is the phase relationship between current and
voltage in an inductor ? [Haryana 01, 02]
What is phase relationship between current and
emf in an a.c. circuit containing a capacitor only ?
Sketch a graph showing the variation of inductive
reactance with frequency of the applied voltage.

[Haryana 02 ; CBSE OD 02]
Sketch a graph showing the variation of the
reactance of a capacitor with frequency of the
applied voltage. [CBSE OD 01, 15C]

22,

29,
30.

3L

32.

33.

35.

36.

38.

39.

40.

41.

42,

What is the phase difference between the voltage
across Land Cin a series LCR-circuit connected to
an a.c. source ? [CBSE D 98C]
Give the phase difference between the applied a.c.
voltage and the current in an LCR circuit at
resonance. [CBSE OD 97]
What is the capacitive reactance of a capacitor used
in a circuit having d.c. emf ? Give reason. [Pb 92]

What is impedance ? [Punjab 96C]

. When does a series LCR-circuit have minimum

impedance ?

. A series LCR-circuit with L= 0.12H, C=4.8 x 107 F,

R=23Q is connected to a variable frequency
supply. At what frequency is the current maximum ?

[CBSE OD 90]
What is meant by admittance of an a.c. circuit ?
Define power factor. [Haryana 01 ; Punjab 01]
What are the maximum and minimum values of
power factor of a.c. circuit ? [Punjab 99C]
What is the power consumed (i) in purely inductive
(ii) purely capacitive a.c. circuits ?  [CBSE OD 92]
What is the power factor of an LCR series circuit at
resonance ? [ISCE 94 ; CBSE D 99]
[ISCE 2000 ; CBSE D 11]
A series LCR-circuit is connected to an a.c. source.
In which of its part power dissipation occurs-L, C
orR?
What is quality factor (Q) in an a.c. circuit ?

[CBSE OD 92]
What does quality factor (Q) signify in a series
LCR-circuit ? 3

What is wattless current ?

. Give the expression for power factor in an

LR-circuit in terms of the resistance R and the
inductive reactance X ;. [ISCE 02]
Inana.c. circuit, R=4Q,Z=5Q,V, =200V and
I..=15A. Calculate the average power
consumed over a full cycle. [ISCE 03]
What are the factors on which the power factor
depends ? [Haryana 98]
In a series LCR circuit, V; = V. # V. What is the
value of power factor ? [CBSE OD 15]
What is the function of a choke coil in a fluorescent
tube ? [ISCE 96 ; CBSE D 14]
How can we improve the Qfactor of a series
resonant circuit ?
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43. What are (i) dimensions and (i) units of product RC ? 61. Give expression for the average value of the a.c.
44. Ts the direction of current during the discharging voltage }t’ =V, sin ot over the time interval { =0

of capacitor same as that during the charging and t =—.
process ? ® [CBSE Sample Paper 08]
45. What is the natural frequency of LC-circuit ? What %% The instantaneous current and voltage of an a.c.
is the reactance of this circuit at this frequency ? circuit are given by
46. What are the dimensions of LC ? £o Ma AL Al o g S g
47. Ina pure LC-circuit, what is the energy stored when What is the power dissipation in'the circuit 2
peak current is I, ? IR0 06]
48. Where does the energy reside in a charged capacitor ? 63. The Tsmtms current and voltage of an a.c.
49. Where does the energy reside in an inductor when c1rcu1‘ e given by =
a current [ is established in it ? i=10sin 314t A and v=50sin (314t + —2—) V.
50. State the principle of a.c. generator.  [Haryana 95] What is thefpewer dissipation in the cieeliit ?
51. How can :n a.c. generator be converted int_o dc [CBSE OD 08]
. qaursall ol P “fl 64. An electrical element X, when connected to an
52. State the principle of a transformer. [Haryana 97C] alternating voltage source, has the current through
53. Ana.c. voltage of 200 V is applied to the primary of it leading the voltage by = / 2 radian. Identify X and
a transformer and voltage of 2000 V is obtained write an expression for its reactance. [CBSE SP 08]
from th‘:' seccmc?ary coil. Calculate the ratio of g5 If the average power, supplied by an a.c. source, to
currents in the primary and secondary coils. a given circuit element, over a complete cycle, is
[CBSE Sample Papet90} found to be zero, what can be the possible nature of
54. Give two reasons for power loss in a transformer. this element ? ICBSE D 09C]
55. Which device will you use to step up a.c. mltage ? P Statethesteady value of the neading of the ammeter
Can we use the same device to set up d.c. voltage ? in the circuit shown in Fig. 7.80.
[CBSE D 93C]
56. What is copper loss in a transformer ?
[Punjab 99]
57. What is iron loss in a transformer ? [Punjab 2000]
58. How can iron loss in a transformer be reduced ?
[Punjab 98C, 99]
59. In a series LCR-circuit, the voltage across an Fid. 7.86
inductor, capacitor and resistor are 20 V, 20 V and oy
40 V respectively. What is the phase difference  67. State which of the two, the capacitor or an inductor,
between the applied voltage and the current in the tends to become a SHORT when the frequency of
circuit ? [CBSE OD 05] the applied alternating voltage has a very high
60. The power factor of an a.c. circuit is 0.5. What will vale. (CBSE 5P 15]
be the phase difference between voltage and  68. Why is the use of a.c. voltage preferred over d.c.
current in this circuit ? [CBSE D 05 ; F 15] voltage ? Give two reasons. [CBSE OD 14]
Answers 7

1.

An alternating current is that current which changes

continuously in magnitude and periodically in

direction. The value of a.c. at any instant is given by
I= I, sin ot = I sin 2n ft

where [ is the peak value of current and
w=2nf=2n/T,

is the angular frequency of a.c.

2. The frequency of d.c. is zero.

Average value of a.c. It is that value of direct
current which sends the same charge in a circuit in
the same time as is sent by the given alternating
current in its half time period.

L, =2 1,=06371,
T

av
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10.

11.

12.

13

14.

15.

16.

17.

RMS value of a.c. It is that value of a direct current
which produces the same heating effect in a given
resistor as is produced by the given alternating
current when passed for the same time.

I
| TOZ =0.707 I,
where [ is the peak value of a.c.
1
emis ™ ﬁeﬂ

Here 10 = 5amperes

I
=l =
i ﬁ =0.707 x5 = 3.535 A.

Here Eﬂ = 300 volts

I

€
€= "T% =0.707 x 300 = 212.1 V.

Comparing the given expression : € = 300sin 314
with € =& sin 27 ft, we find that,
Peak voltage,

€,=300V and 2rf =314
314 _ 314
- F , f==—= =50 H
e e 2 e v

€, =V2€ =2 x220=311V.

An a.c. ammeter is based on heating effect of
current. As the heat produced varies as the square
of currgnt (not directly with current), so the divisions
marked on the scale are not equally spaced.

Form factor is the ratio of the rms value of a.c. to its
average value.

The inductive reactance of an inductor is the
effective resistance offered by it to the flow of
current through it.

Inductive reactance, X, =w®L=2nfL

SI unit of inductive reactance is ohm (Q)

The capacitive reactance of a capacitor is the
effective resistance offered by it to the flow of

current through it.
1 1

oC 2nfC

SI unit of capacitive reactance is ohm (Q).

Capacitive reactance, X =

Capacitive reactance varies inversely with the
frequency of a.c. i.e., X uc%

Inductive reactance varies directly with the frequency
ofac.ie, X; = f.
The SI unit of 1/ ©C is ohm (Q).

1

Capacitive reactance, X = 2—fC :
n

18.

19.

20.
21.
22,
23.

24,

26.
27.

28.

29.

30.

31.
32.

33.

35.
36.

37
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In an inductor, the current lags behind the voltage
by a phase angle of n/2rad.

In a capacitive a.c. circuit, current leads the emf in
phase by n/ 2 radian.

See Fig. 7.58(a) on page 7.57.
See Fig. 7.58(b) on page 7.57.
180° or & radian.

Zero.

Forde, f=0, so X.- S

C e
The total opposition to the flow of current due to
resistance R as well as reactance X in a circuit is

called impedance. It is given by Z =,/ R X2

w0,

At resonance, when X| = X ..

The current will be maximum at the resonant
frequency,

1 1
f = =
" 2nJLC 2n,/0.12x48x107
1 10*

A - =663 Hz.
2r [5.76x10°  2x314x24

The reciprocal of the impedance of an a.c. circuit is

called its admittance.

The power factor is defined as the ratio of true

power to the apparent power of an a.c. circuit. It is

equal to the cosine of the phase angle between

current and voltage in the a.c. circuit. Itis given by
True power P,

Apparent power W

rms “rms

cos =

For a series LCR-circuit, power factor is

7 2
JR’ + [mL— 3-)
wC

Maximum value of power factor = 1.

Minimum value of power factor = 0.
Power consumed is zero in both cases.
At resonance, Z = R.
-. Power factor, cos ¢= 2 = R =1
Z R

The current in an a.c. circuit is wattless if the
average power consumed in the circuit is zero.
Power dissipation occurs only in resistance R.
Refer to point 18 of Glimpses.
The quality factor Q signifies the sharpness of current
peak in the resonance condition of the LCR-circuit.

R R

Power factor, cos ¢ = — = ———.
Z JR+Xx?
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38.

39.

40,
41.

42.
43.

45.

48.

49.

50.

51.
52.

53.

54.

i T !

av ms rms

R
cos ¢ = Vrms Lo E

=200x1.5 x%:Z-lOW.

Power factor of a circuit depends on the values of
L and R, and the frequency of a.c. source.

Power factor, cos§ =1.

A choke coil reduces current without wasting
electrical energy in the form of heat.

By decreasing R or C or by increasing L.

(1) MPLOT? (i) Second.

No, the direction of current during discharging is
opposite to that during charging of the capacitor.

1
The natural frequency of LC-circuit is f = ——.
Y f=oic

At this frequency, X; = X, so the reactance of the

circuit is zero.
MOLOT!, 47 Total energy stored =% £ o]

The energy resides in the electric field between the
plates of a charged capacitor.

The energy resides in the magnetic field of the
inductor coil.

An a.c. generator is based on the principle of
electromagnetic induction. When a closed coil is
rotated in a uniform magnetic field with its axis
perpendicular to the field, the magnetic flux linked
with the coil changes and an induced emf and
hence an induced current is set up in the coil.
By replacing slip rings by split ring commutator.
A transformer works on the principle of mutual
induction i.e., when a changing current is passed
through one coil, an induced emf is set up in the
neighbouring coil.
Here € =200V, €, =2000V
Ratio of currents, 1—1=§1 =M=10:1.

I, & 200

(i) Magnetic flux leakage  (ii) Hysteresis loss.

55.
56.
57.

58.

59,
60.

6l.

63.

& &

67.

68.

7.77

(i) A transformer is used to step up a.c. voltage.
(i) No, transformer cannot be used to step up d.c.
voltage.
Due to the resistance of primary and secondary
windings of a transformer, some electrical energy is
wasted as heat. This energy loss is called copper loss.
Due to the production of eddy currents in the iron
core of a transformer, some electrical energy is
wasted as heat. This energy loss is called iron loss.
Iron loss can be reduced by using laminated core in
the transformer.
V,-V. 20-20
tan p=—L—C = =0
Ve 40

.. Phase difference, ¢ = 0°.

Power factor =cos ¢ =0.5
.. Phase difference, ¢ = 60°.
2
Vi = = Vp =0.637 V.
v, 50 x 10
B = cos ¢
Phase difference between vand i ==/ 2 rad.
Uyl 50 x 10 n
|, =%cos¢=—2 cos =0
The element X is a capacitor and its reactance is

cos 0° =250 W

given by X =

2nfC
The element may be a pure inductor or a capacitor.
Zero, because a capacitor blocks dc.

1
2nfC
(i) a.c. voltages can be easily stepped up or

stepped down as per requirement by using
transformers.

Capacitor, as f — o, X = — 0.

(ii) a.c. voltages can be transmitted over large dis-
tances without any appreciable loss of energy.

ﬂYPE B : SHORT ANSWER QUESTIONS (2 or 3 marks each)

Distinguish between alternating current and direct
current.

Distinguish between average value and rms value
of an alternating current. [CBSE D 97]

Prove matheméﬁcally that the average value of
alternating current over one complete cycle is zero.
Define peak value and root mean square value of an

alternating current. Derive an expression for the
root mean square value of alternating current.

5.

What is meant by the root mean square or effective
value of alternating current ? Derive a relation
between it and its peak value. [CBSE OD 11]

Define virtual emf and derive the relation between
virtual emf and maximum emf in a.c.

[Haryana 92]
Prove that the voltage and current always vary in
the same phase in an a.c. circuit containing resis-
tance only. Show this phase relationship graphically.
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8.

10.

11.

12,

13.

14.

15.

A sinusoidal emf is applied to a circuit containing
an inductor only. Show that the current lags behind
the voltage by n/2 Show this phase relationship
graphically. [CBSE OD 11]

An a.c. voltage, € =€ sin ot is applied across an
inductance L Obtain an expression for the current
I. Show the phase relationship between current and
voltage in a phasor diagram. [CBSED 03 ; Pb 01]
A sinusoidal emf is applied to a circuit containing a
capacitor only. Show that current leads the voltage
byn/2 [CBSE OD 95C]
Derive the expression for the reactance of a
capacitor C, when connected across an a.c. source.
Give its units.
Derive an expression for the impedance of an a.c.
circuit consisting of an inductor and a resistor.
[CBSE D 08]
A source of ac voltage V = Vsin ot is connected to
a series combination of a resistor ‘R” and a capacitor
‘C’. Draw the phasor diagram and use it to obtain
the expression for (i) impedance of the circuit and
(1) phase angle. [CBSE OD 15C)
Obtain the relation [I=I[;sin(wt+n/2) and
X =1/ oC for a pure capacitor across which an a.c.
emfof€ =€ sin wt is applied as shown in Fig. 7.86.
Draw a phasor diagram showing emf €, current I
and their phase difference ¢ [ISCE 03]

An alternating emf € =Eﬂ sin of is applied to a
capacitor C, as shown in above Fig. 7.86.

—ﬁj

€ =€, sin wt

Fig. 7.86

16.

17.

18.

(1) Sketch a graph showing variation of voltage
and current in the circuit with time.
(if) What is the reactance of the capacitance ?
[ISCE 92]
(@) For a given ac, i=i,sinwt, show that the
average power dissipated in a resistor in a
resistor R over a complete cycle is ‘21"31 R
(b) A light bulb is rated at 120 W, for a 240 V ac
supply. Calculate the resistance of the bulb.
[CBSE OD 13]
Prove that an ideal inductor does not dissipate
power in an a.c. circuit. [CBSE D 08 ; OD 98]
When an ideal capacitor is connected to an a.c.
source, show that the average power supplied by the
source over a complete cycle is zero.
[CBSE D 08, 13C]

19.

20.

21.

2
K

24,

26.

27

28.

29.

30.

3.

32.

33.
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Define self-inductance of a coil. Write its SI unit.
Show that the energy needed to build up a current
I, in an inductor of self-inductance L, equals 1 LI*.
[CBSE D 09C, 12; 0D 15]
A voltage V =V, sin ot is applied to a series LCR
circuit. Derive the expression for the average power
dissipated over a cycle. Under what condition is
(i) no power dissipated even though the current
flows through the circuit, (if) maximum power
dissipated in the circuit ? [CBSE OD 14]
A series LCR circuit is connected to an a.c. source of
variable frequency. Draw a suitable phasor
diagram to deduce the expressions for the ampli-
tude of the current and phase angle. [CBSE D 14C]

Distinguish between reactance and impedance.
[CBSE D 97 ; OD 99)

For a given a.c. circuit, distinguish between resistance,
reactance and impedance. [CBSE D 2000]
Show that energy is conserved in LC-oscillations.
Give a mechanical analogy for LC-oscillations.
With the help of a labelled diagram, explain the
working principle of a step-up transformer.
[CBSE 98C, 02]
What are the various energy losses in a trans-
former ? How can they be reduced ?
[Himachal 02 ; Punjab 2000, 02]
Draw a labelled diagram of an a.c. generator.
Write the principle on which it works.
[CBSE D 98C, 02]
Explain, with the help of diagram, the principle and
working of an a.c. generator. Write the expression
for the e.m.f. generated in the coil in terms of its
speed of rotation. [CBSE D 05]
State the underlying principle of a transformer.
How is the large scale transmission of electric
energy over long distances done with the use of
transformers ? [CBSE OD 12]
Write some advantages and disadvantages of a.c.
over d.c.
What is a choke ? Explain its action in a.c. circuits.
Why is it preferred to resistance in a.c. circuits ?
[CBSE OD 92C]
Derive a relation between true power and virtual
power. How will you differentiate between true
power and apparent power ? [Punjab 02, 04]

A series LCR circuit is connected to an ac source.
Using the phasor diagram, derive the expression
for the impedance of the circuit. Plot a graph to
show the variation of current with frequency of the
source, explaining the nature of its variation.
[CBSE OD 12]
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Answers -
1. Refer to points 1 and 2 of Glimpses. (if) Maximum power is dissipated at resonance,
2. Refer to points 3 and 4 of Glimpses. ie, when X, =X, ¢=0andcos¢=1
3. Refer answer to Q. 2 on page 7.2. Then P = Vol
4. Refer answer to Q. 5 on page 7.3. 2
5. Refer answer to Q. 5 on page 7.3. 21. Refer answer to Q. 13 on page 7.21.
6. Refer answer to Q. 6 on page 7.3. 22. Refer to solution of Problem 2 on page 7.56.
7. Refer answer to Q. 7 on page 7.7. 23. Refer to solution of Problem 2 on page 7.56.
8. Refer answer to Q. 8 on page 7.7. 24. Refer answer to Q. 30 on page 7.40.
9. Refer answer to Q. 8 on page 7.7. 25. Refer answer to Q. 31 on page 7.41.

17
18.
19.
20.

Refer answer to Q. 10 on page 7.9.

. Refer answer to Q. 10 on page 7.9.

Refer answer to Q. 11 on page 7.12.

. Refer answer to Q. 12 on page 7.17.
. Refer answer to Q. 10 on page 7.9.
. Refer answer to Q. 10 on page 7.9.

(a) Refer answer to Q. 23 on page 7.32.

(b) R:ﬁ:M
P 120

Refer answer to Q. 25 on page 7.32.

=480

Refer answer to Q. 27 on page 7.33.
Refer answer to Q. 24 on page 7.32.
Refer answer to Q. 20 on page 7.30.
(/) No power is dissipated when R=0or ¢ =90°

26.
27
28.
29.
30.
31.
32.
33.
34.

Refer answer to Q. 32 on page 7.43.
Refer answer to Q. 32 on page 7.43.
Refer answer to Q. 35 on page 7.48.
Refer answer to Q. 35 on page 7.48.
Refer answer to Q. 34 on page 7.45.
Refer answer to Q. 36 on page 7.50.
Refer answer to Q. 19 on page 7.30.
Refer answer to Q. 21 on page 7.31.

Refer answer to Q. 13 on page 7.21. For the graph
showing the variation of current with the frequency
of a.c. source, see Fig. 7.70. The current is maximum

1
t the resonant frequency, f =—=— and it
a resonant frequency, f, 2w/ IC
decreases both for lower and higher frequencies.

lq'YPE C : LONG ANSWER QUESTIONS (5 marks each)

1

Z

(a) Derive the relationship between the peak and
the rms value of current in an a.c. circuit.

(b) Show that in an a.c. circuit containing a pure
inductor, the voltage is ahead of current by
n/2in phase. [CBSE OD 11]

An a.c. voltage V =V, sinot is applied across an
inductor of inductance L Apply Kirchhoff's loop
rule to obtain expressions for (i) the current flowing
in the circuit (i) the inductive reactance L

Hence find the instantaneous power P, supplied to
the inductor. Show graphically the variation of P
with ot. [CBSE SP 15]

An a.c. source generating a voltage v =17, sin of is
connected to a capacitor of capacitance C. Find the
expression for the current i, flowing through it. Plot
a graph of vand i versus ot to show that the current
is m/2 ahead of the voltage. What is capacitive
reactance. [CBSE OD 03, 08]

Derive an expression for the impedance of an a.c.
circuit with an inductor Land a resistor R in series.

7

Also obtain the expression for average power in
this circuit. [Punjab 01]
Distinguish between the terms resistance and
impedance of an a.c. circuit. A capacitor C and a
resistor R are connected in series in an a.c. circuit.
Deduce, by drawing phasor diagram, a mathe-
matical expression for the impedance of this circuit.
How will this impedance be affected when the
frequency of the applied signal is decreased and
why ? [CBSE Sample Paper 03]
A series LCR circuit is connected to an a.c. source
having voltage V =V, sin wt. Derive the expression
for the instantaneous current I and its phase
relationship to the applied voltage.

Obtain the condition for resonance to occur. Define
‘power factor’. State the conditions under which it is
(i) maximum and (if) minimum. [CBSE D 10, F 13]
(a) Inaseries LCRa.c. circuit, is the applied instan-
taneous voltage equal to the algebraic sum of the
instantaneous voltages across the series elements
of the circuit ? Is the same true for r.m.s. voltages ?
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8.

10.

11.

12

(b) Prove that in a series LCR circuit, the power
dissipated depends not only on the voltage
and current but also on the cosine of the phase
angle ¢ between these two. [CBSE S.P. 11]

Derive an expression for the impedance of a series
LCR circuit connected to an a.c. supply of variable
frequency.

Plot a graph showing variation of current with the
frequency of the applied voltage.

Explain briefly how the phenomenon of resonance
in the circuit can be used in tuning mechanism of a
radio or a TV set. [CBSE D 11]
An a.c. voltage, € =€ sin of, is applied across a
series combination of an inductor L, capacitor C
and a resistor R. Use the phasor diagram to obtain
expressions for the (a) impedance of the circuit, and
(b) phase angle between the applied voltage and the
resulting current in the circuit. Hence show that the
current

1
leads th It h <
(1) leads the voltage when o NiTs

(if) is in phase with voltage when w = e

JLC

(iti) lags the voltage when ® > %

What lis the net impedance of the circuit when
=t
=Jic [CBSE D 07, OD 13C]
An a.c. source of voltage v = ¢, sin wf is connected,
one-by-one, to three circuit elements X, Y and Z. It
is observed that the current flowing in them,
(i) is in phase with the applied voltage for
element X.
(i7) lags the applied voltage, in phase by n/2 for
element Y.
(iii) leads the applied voltage, in phase, by n/ 2 for
element Z.
Identify the three circuit elements.

Find an expression for the (a) current flowing in the
circuit, (b) net impedance of the circuit, when the
same a.c. source is connected across a series
combination of the elements X, Y and Z.

If the frequency of the applied voltage is varied, set
up the condition of the frequency when the current
amplitude in the circuit is maximum. Write the
expression for this current amplitude.

[CBSE 08C]
What is meant by LC-oscillations ? Discuss
qualitatively, how these oscillations are produced.
In a series LCR circuit connected to an ac source of
variable frequency and voltage v = v, sin of, draw a
plot showing the variation of current ( I) with angular

14.

35
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frequency (o) for two different values of resistance
R and Ry(R > R,). Write the condition under
which the phenomenon of resonance occurs. For
which value of the resistance out of the two curves,
a sharper resonance is produced ? Define Q-factor
of the circuit and give its significance.

[CBSE D 13, 14C]

Or

Draw a plot showing the variation of the current |
as a function of angular frequency o of the applied
ac source for the two cases of a series combination
of :
(i) Inductance [, capacitance C, and resistance R,
and
(if) Inductance L,, capacitance C, and resistance
R,, where R, > R,. Write the relation between
L, G and L,, G, at resonance. Which one, of the
two, would be better suited for fine tuning in a
receiver set ? Give reason. [CBSE F 13]

. (@) With the help of a labelled diagram, describe

briefly the underlying principle and working
of a step-up transformer.

(b) Write any two sources of energy loss in a
transformer.

(c) A step-up transformer converts a low input
voltage into a high output voltage. Does it
violate law of conservation of energy ? Explain.

[CBSE D 09, 11, OD 13C]

(a) Draw a schematic arrangement for winding of
primary and secondary coils in a transformer
when the two coils are wound on top of each
other.

(b) State the underlying principle of a transformer
and obtain the expression for the ratio of
secondary to primary voltage in terms of the :
(i) number of secondary and primary windings
and (if) primary and secondary currents.

(c) Write the main assumption involved in
deriving the above relations.

(d) How is the transformer used in large scale
transmission and distribution of electrical
energy over long distances ?

[CBSE F 09 ; OD 08 10, 14C)

Explain briefly, with the help of a labelled diagram,

the basic principle of the working of an a.c. generator.

In an a.c. generator, coil of N turns and area A is

rotated at v revolutions per second in a uniform

magnetic field B. Derive an expression for the
instantaneous value of the emf induced in coil.

Why is the emf maximum when the plane of the

armature is parallel to the magnetic field ?

What is the source of energy generation in this
device ? [CBSE OD 08 11 ; F 09]
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16.

Answers

w

6.

N

(a) Draw a schematic sketch of an ac generator
describing its basic elements. State briefly its
working principle. Show a plot of variation of :

7.81

(b) Can the current produced by an a.c. generator
be measured with a moving coil galvano-
meter ? Give reasons for your answer.

Impedance of RC-circuit,

the impedance Z increases.

Refer answer to Q. 13 on page 7.21 and Q. 21 on
page 7.31.

(@ () Yes, V=V, +V.+V, for instantaneous
values because the voltage variations across each
element will follow the voltage variations of the
supply voltage at all instants.

(if) No, the same is not true for rms voltage, because
voltages across different elements may not be in the
same phase.

Vs = (VL -V + V2
(b) Refer answer to Q. 20 on page 7.30.

Refer answer to Q. 13 on page 7.21. For graph
between I and f, see Fig. 7.70 on page 7.62.

The tuning circuit of a radio or TV is an example of
LCR resonant circuit. Signals are transmitted by
different stations at different frequencies. The
antenna receives these signals and drives maximum
current through the tuning circuit for that signal
which corresponds to resonant frequency and so
the signal from the desired station gets tuned in.

(i) Magnetic flux and (i) Alternating emf [CBSE D 14]
versus time generated by a loop of wire
rotating in a magnetic field.
v
. (a) Refer answer to Q. 5 on page 7.3. 9. Refer answer to Q. 13 on page 7.21 and Q. 15 on
(b) Refer answer to Q. 8 on page 7.7 page 7.22.
Refer answer to Q. 8 on page 7.7 and solution of V- Xis aresistor, Y is an inductor and Z is a capacitor.
Problem 19(ii) on page 7.59. Refer answer to Q. 13 on page 7.21 and Q. 15 on
Refer answer to Q. 10 on page 7.9. ’ page T2
. Refer answer to Q. 11 on page 7.12. 11 Refer answer to Q.28 on page 7.39.
R I2. The variation of current I with angular frequency @
p=F ..y = of LCR-circuit for two resistances R and R,
av ms rms Z . . .
(R, > R,) is shown in Fig. 7.87.
=€rms +Tems S ?
JR? + @ P
Refer to solution of Problem 2 on page 7.56 and
refer answer to Q. 12 on page 7.17.
Z=|R*+ —j—l
4n® f2C*
As the frequency of the applied signal decreases,
Fig. 7.87

When X, =X or V| =V, the LCR-circuit is in
resonance condition.

The resonance peak is sharp for smaller resistance R,.
The Q-factor of a series resonant circuit is the ratio
of the resonant frequency to the difference in two
frequencies taken on both sides of the resonant
frequency such that at each frequency, the current

amplitude becomes — times the value at resonant
V2

frequency.
% &
Q= @, -0 2A0
_ Resonant frequency
Bandwidth
_&l_1 JI
B RY¥E

The Q-factor signifies the sharpness of the peak in
the resonance condition of the LCR-circuit. For
large Q-factor, resonance will be sharper and
consequently the circuit will be more selective.
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13.

14,
15.

16.

Resonant frequency,
Wl S
G
>  LG=LG

(a) Refer answer to Q. 32 on page 7.43.

(b) Refer answer to Q. 32 on page 7.43.

(¢) A step-up transformer increases low voltage
into high voltage but decreases high current
into low current in the same ratio. There is no
power change. Hence it does not violate the
principle of conservation of energy.

Refer answer to Q. 32 on page 7.43.

Refer answer to Q. 35 on page 7.48. When the plane

of the armature is parallel to the magnetic field, the

rate of change of flux is maximum,

5:5@&1%:50

(a) See Fig. 7.53 on page 7.49. An a.c. generator
works on the principle of electromagnetic
induction. When a closed coil is rotated
continuously in a uniform magnetic field with its
axis perpendicular to the field, the magnetic flux
linked with the coil changes due to the change in
the effective area of the coil. This results in the
production of induced emf and hence a current in
the coil.

PHYSICS-XII

Magnetic
flux (¢) —

+ NBA & =NBA cos ot
m\ryam T Time —
4 - NBA

()

E=NBAfnsina}t=Eusinm!

T/2 T

0 1 1
T/4 W Time -

5 E“T

(i)

Fig. 7.88

(b) The current produced by an a.c. generator
cannot be measured with a moving coil galvano-
meter because the average value of a.c. over a
complete cycle is zero. The source of energy is the
device used to provide mechanical energy for the
rotation of the coil.

I.Typs D : VALUE BASED QUESTIONS (4 marks each)

1

One day Gautam was celebrating his birthday
alongwith some of his friends at home. All of
sudden the ceiling fan of the room stopped
working. Out of shear enthusiasm, Gautam first
switched off the power supply of the fan then
opened the cap of the fan to look for the problem.
His friend Taushar tried to stop him but he did not
pay any attention. As soon as he touched upon the
interior parts of the fan, he received a severe electric
shock and fell down. All his friends were scared as
to what had happened because the power supply
had been already switched off.
(a) What negative trait has been shown by Gautam ?
(b) What could be the possible cause of electric
shock ?
(c) Write expressions for current and emf of the
component used in fan with proper phase
difference.

One day Priyanka went to the market with her
mother in a metro rail. At the metro station, they

were made to walk through a doorway of a metal
detector for security reasons. Priyanka passed
through it and started waiting for her mother to
come. She heard a long beep when her mother
passed through metal detector. Priyanka was
surprised why the metal detector beeped in case of
her mother. She asked the duty staff, who told her
that it was due to the bunch of metal keys lying in
the purse of her mother. Both Priyanka and her
mother were satisfied with the security system.

(1) What values were displayed by Priyanka ?

(b) What is the cause of sound through the metal
detector ?

(c) On what principle does a metal detector work ?

. Mohit spent few years in USA and then returned

back to India. Once he discussed with his friend
Sumit on domestic supply in USA and in India. In
USA, domestic power supply is at 110 V, 50 Hz,
while in India it is 220 V, 50 Hz. Mohit insisted that
USA supply is better than Indian supply. Both went



Answers

2. (a) Keen
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to Sumit’s father who was an electrical engineer
and sought his opinion on the issue. He explained
that both types of supplies have advantages and

7.83

(c) Write two values each displayed by Ajit and
his uncle. [CBSE OD 15]

observer,
knowledge.

(b) When we walk through the doorway of a metal
detector carrying some metallic object, the

curiosity and quest for

: 6. A group of students while coming from the school
disadvantages. noticed a box marked “Danger H.T. 2200 V” at a
(1) What are the values shown by Mohit and Sumit ? substation in the main street. They did not
(b) Give one advantage and one disadvantage of understand the utility of such a high voltage, while
220 V supply over 110 V supply. they argued, the supply was only 220 V. They asked
. Sushil is in the habit of charging his mobile and their teacher this question the next day. The teacher
then leaving the charger connected through the thought it to be an important question and
mains with the switch on. When his sister Asha therefore explained to the whole class.
pointed it out to him, he replied there was no harm Answer the following questions :
as the mobile had been disconnected. Asha then (i) What device is used to bring the high voltage
explained to him and convinced him, how the down to low voltage of a.c. current and what is
energy was still being wasted as the charger was the principle of its working ?
cuwiiiuoply consumng coetgy. (ii) Is it possible to use this device for bringing
Answer the following questions : down the high dc voltage to the low voltage ?
(@) What values did Asha display in convincing Explain.
her brother ? (ifi) Write the values displayed by the students and
(b) What measures, in your view, should be the teacher. [CBSE D 15]
adopted to minimize the wastage of electric 7 One morning an old man walked bare-foot to
energy in your households ? replace the fuse wire in kit kat fitted with the power
(c) Imagine an electric appliance of 2 W, left supply mains for his house. Suddenly he screamed
connected to the mains for 20 hours. Estimate and collapsed on the floor. His wife cried loudly for
the amount of electrical energy wasted. help. His neighbour’s son Anil heard the cries and
[CBSE F 15] rpshed to the place with shoes on. He took a wooden
. Ajit had a high tension tower erected on his farm baton and used it to switch off the main supply.
land. He kept complaining to the authorities to Answer the following questions :
remove it as it was occupying a large portion of his (1) What is the voltage and frequency of mains
land. His uncle, who was a teacher, explained to supply in India ?
him the need for erecting these towers for efficient (i) These days most of the electrical devices we
transmission of power. As Ajit realized its use require ac voltage. Why ?
significance, he stopped complaining. (iif) Can a transformer be used to step up dc
Answer the following questions : voltage ?
(@) Why is it necessary to transport power at high (iv) Write two qualities displayed by Anil by his
voltage ? action. [CBSE OD 15]
(b) A low power factor implies large power loss.
v
(a) Careless attitude towards life. impedance of the circuit changes changing the
(b) When the circuit breaks, the high induced current significantly. This change in current is
voltage charges the capacitor. This gives detected and sounds as an alarm.
electric shock upon touching. (c) A metal detector works on the principle of
> resonance in ac circuits.
(© E=Eysinot and 1= Jnsin[mt 4 EJ 3. (a) General awareness, critical thinking and curiosity.

(b) Advantage. The power loss at 220 V supply is
less than that at 110 V.
Disadvantage. The 220 V is more dangerous
because its peak value (311 V) is much higher
than the peak value (155.5) for 110 V supply.
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4,

2

(a) Asha is knowledgeable, convincing, thought-
ful and has concern for conservation of
resources.

(b) (i) All electrical devices should be switched off
when not in use.

(if) High power devices should be used only
when needed.

(c) Electrical energy wasted
=Pxt=2Wx20h

=2 W x20h=0.04 kWh .
1000

or E=2x20x3600]=144000] .

(a) For the same power at high voltage, the current
in the transmission wires will be small. Hence
the power loss (P = I*R) will be less during

transmission.
(b) As P = Vgﬁ,lﬁcosd;
-
o 0S¢

To supply a given power, low power factor
(cos ¢) requires a larger current to be supplied.
This results in large power loss.

Ajit displays social awareness, understanding
nature, concern for society.

Uncle is knowledgeable and has professional
honesty and concern for society.

(c

S—

6.

-

'
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(i) Transformer. It works on the principle of
mutual induction ie, when an alternating
current is passed through one of the two
inductively coupled coils, an induced emf is
set up in the other coil.

(i) No, there is no induced emf for the dc voltage
in the primary.

(1if) Students. Inquisitive
temperament.
Teacher. Professional honesty/Concern for
students/Helpfulness.

(1) Voltage =220 V and frequency = 50 Hz.

(i) (@) AC wvoltage can be easily stepped
up/stepped down,
(b) It can be easily converted into dc.
(c) Line losses can be minimised by using ac
voltage.

(iif) No, there is no induced emf for the dc voltage
in the primary.

(iv) Anil is helping, brave and has knowledge of
insulators, conductors and safety precautions.

nature/Scientific



COMPETITION SECTION

GLIMPSES

1. Alternating current. It is that current which

varies in magnitude continuously and reverses
its direction periodically. Its value at any instant
is given by

I =1, sin ot = I, sin 2xft

where [ is the peak value of a.c. or current
amplitude. The frequency of a.c. supplied to our
homes is 50 cps. The average value of a.c. over a
complete cycle is zero.

Direct current. It is that current which flows with
a constant magnitude in the same fixed direction.

Average or mean value of a.c. Itis that value of
direct current which sends the same charge in a
circuit in the same time as is sent by the given
alternating current in the same circuit in its half
time period.

I =

an

2
= I, =0637 I,
Effective or rms or virtual value of alc. It is that
value of direct current which produces the same
heating effect in a given resistor as is produced
by the given alternating current when passed
for the same time.

1
I,= =

2
Alternating voltage. It is that voltage whose
magnitude varies continuously and direction
reverses periodically with time. Its instan-
taneous, average and root mean square values
are respectively given by

E=E,sinot, €, =0637E,,

I orleﬂ, or

rms

.1,=0707 I,

1
Erms '_J2= e(]

Al'tetn-a;ting Current and Electrical M

10.

Phasors and phasor diagrams. A rotating vector
that represents a sinusoidally varying quantity
is called a phasor. 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 or Argand diagram.

A.C. circuit containing resistor only. An alter-
nating voltage, € =€ sin wt applied to a resistor
R drives a current [ = I, sin ot in the resistor.
The current is in phase with the applied voltage.
Peak value of current, I, = Eﬂ

A.C. circuit containing only an inductor. An
alternating voltage, € =€ sin wt applied to a pure
inductor Ldrives a current, I = [, sin (of —1t/2)in
the inductor. The current in the inductor lags
behind the voltage in phase by n/2 rad.

Peak value of current, I, = Eﬂ- = _E_D_
oL X,
Root mean square value of current,
I = Erms = srms El}

oo DN TP Toat

Reactance. The non-resistive opposition to the
flow of a.c. is called reactance. It may be inductive
reactance (X ) or capacitive reactance (X ).

Inductive reactance. It is the effective resistance
or opposition offered by an inductor to the flow
of a.c. through it. It is given by

X, =oL=2nfL
The SI unit of inductive reactance is ohm (Q).
Forac, X «f
For d.c,, f=0, so X; =0.

(7.85)
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11.

13.

14.

A.C. circuit containing only a capacitor. An
alternating voltage, € =€ sin ot applied to a
capacitor C drives a current, [ = I, sin (ot + n/2)
in the capacitor. The current in the inductor is
ahead of voltage in phase by n/2 rad.

Peak value of current,

& &

- % 1/eC X
Root mean square value of current,
I =§r.r1!_s_= E"ﬂs = EO

rms 1/eC +2.1/eC

Xc

Capacitive reactance. It is the effective resis-
tance or opposition offered by a capacitor to the
flow of a.c. through it.
It is given by
1 1
o Tame

The SI unit of capacitive reactance is ohm (Q)

1
For a.c, o —
5

Fordc, f=0, so X.=w

Thus a capacitor allows a.c. to flow through it
easily but blocks d.c.

Impedance. It is a quantity that measures the
opposition of a circuit to the flow of current
through it and so determines the magnitude of
the current. In a d.c. circuit, this is the resistance R
alone. In an a.c. circuit, the reactance X also has
to be taken into account, according to the relation :
Z2=R*+ X?

where Zis the impedance. Impedance triangle is
a right angled triangle whose base represents
resistance R, perpendicular represents reactance

X and hypotenuse represents impedance Z of
the circuit. From this triangle, the phase.angle ¢
between voltage and current is given by

X
tan ¢=E or
A.C. through a series LR-circuit. The alter-
nating voltage leads the current by a phase
angle ¢
Instantaneous voltage, € =& sin ot

R
cosq:—E.

Instantaneous current, = I sin (of - ¢)

16.
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I = Eﬂ _ei}
" JRR+x? Z

Impedance,
z2=|R+x2=|R%+ a2 P

Phase angle,

X

¢.=tan_l—-é= or p=cos ' —.

A.C. through a series CR-circuit. The alter-
nating voltage lags behind the voltage by phase
angle ¢

Instantaneous voltage, € =€ sin of

Instantaneous current, 1= I sin (of + ¢)

€ €
Peak current, [; =——0— =0
RvX. £

Impedance, Zz,ij—»Xcz=\/Rz+mzlf.2
Phase angle, ¢=tan‘1§k9 or d::cos_]E.

The series LCR-circuit. For a series LCR-circuit
connected across a source &=E& sinof, the
current [ is given by

rzfosin(mf—¢)=-zﬂsin(mr—¢}

where Z is the total effective resistance of the
LCR-circuit and is called its impedance.

2 2 2 I
Z=R*+(X, -X.)=,|R +( mL—EJ

The phase angle ¢ between voltage and current
is given by

X

% and cos ¢= :
R z
The voltage leads the current if X, > X and it

lags behind the current if X; <X..

Resonance condition of the LCR-circuit. If
X; = X, theimpedance of LCR circuit becomes

Z=,|R2+(X, -X.? =R

The impedance is minimum and hence current
is maximum. The circuit is purely resistive and
voltage and current are in same phase. This is
the resonance condition of LCR-circuit and is
satisfied at the resonant frequency given by

f;

tan =

i
“2rJLC’
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18.

19.

21.

Q-Factor. It indicates the sharpness of
resonance. It is defined as the ratio of the
resonant frequency to the difference in two
frequencies taken on both sides of the resonant
frequency such that at each frequency, the
current amplitude becomes 1/+2 times the
value at resonant frequency.

Ol Resonant fr:equency
Band width

S T ‘E
a-o R RNYC E
Power in an a.c.-circuit. The average power in
an a.c. circuit consumed per cycle is given by

P =E I .cosnp:—e-gz—fgcosdx

av ~ “rms “rms

Here cos ¢ is called power factor which is the

ratio of true power (P,
€

R R

Power factor, cos ¢=— =
Z |R? +(0L=1/wC)

,) to the apparent power

rms Iﬂ?ﬁ )'

(i) For a pure resistive circuit, $=0,
2
P =E [ =-—mm

av rms “rms R

n

(i7) For a pure inductive circuit, ¢=E B =0.

(iii) For a pure capacitive circuit, ¢ = — 25 ,P_=0.
Wattless current. The current in an a.c. circuit is
said to be wattless if the average power consumed
in the circuit is zero. It is the component
L, sin ¢ of the alternating current. In an induc-
tive or capacitive a.c. circuit, the phase difference
between voltage and current, ¢ = + /2. Power
factor cos ¢ =0 and so the current is wattless.

Energy stored in an inductor. When the current
in an inductor grows from 0 to I, the magnetic
energy stored in it is

1..2
us= 5 LI,
Energy stored in a capacitor. The energy stored in
a capacitor when itis charged from 0 to V voltis

1, sl 1Q°
U=—CV* =—QV=—=-.

2 2 .- 2-C
LC-oscillations. When a charged capacitor is
allowed to discharge through a non-resistive

24,

26.

7.87

inductor, electrical oscillations of constant ampli-
tude and frequency are produced. These oscilla-
tions are called LC-oscillations. The charge of
the capacitor satisfies the equation of SHM :

dzq 1

—L— gul

a1t

Instantaneous charge, g=g, cos @, {
Instantaneous current, I=—% = @), g Sin v,

Angular frequency of free oscillations,
)|

“=TiE
Frequency of free oscillations,
A T 1
0 2n 2n,/IC
The energy in the LC-circuit oscillates between

the capacitor and the inductor but the total
energy remains constant.

Choke coil. It is an inductor with large inductance
used to reduce current in an a.c. circuit without
much loss of power.

Transformer. It is a device used to convert a.c. at
high voltage into that at low voltage or vice
versa. For an ideal transformer,

Here suffix 1 refers to primary coil and suffix 2
to secondary coil and k is called transformation or
turns ratios of the transformer.

(i) For a step up transformer, k >1 or N, > N,
€,>€, and L <I,.
(if) For a step down transformer,k <1 or N, < N,
€,<€, and L>I.
A.C. generator. It is a device to convert
mechanical energy into electrical energy of
alternating form. It consists of a coil of wire that
rotates with angular velocity @in the magnetic
field B of a permanent magnet. The flux through
the coil varies as ¢ = NBA cos of, where N is the
number of turns in the coil having the face area
A. (At t =0, the loop is normal to the field).
Induced emf, € = NBA wsin ot =€ sin of

_NBA® _

Current, I sin ot = [, sin of.
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