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CHAPTER

ALTERNATING CURRENT

The magnetic force is animate, or imitates a soul,; in many respects it
surpasses the human soul while it is united to an organic body.

“WILLIAM GILBERT”

INTRODUCTION

hen a resistor is connected across the terminals of a battery, a current is established
in the circuit. The current has a unique direction, it goes from the positive terminal
to the negative terminal via the external resistor. The magnitude of the current also
remains almost constant. Ifthe direction of the current in a resistor or in any other
element changes alternately, the current is called an alternating current (AC). In this
chapter, we shall study the alternating current that varies sinusoidally with time.
Such a current is given by
i=1 sin(ot+@).
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@% ETOOS KEY POINTS

~\
@) Choke coil is a high inductance and negligible resistance coil.
(ii) Choke coil is used to control current in A.C. circuit at negligible power loss
(iii) Choke coil used only in A.C. and not in D.C. circuit
(>iv) Choke coil is based on the principle of wattless current.
) Iron cored choke coil is used generally at low frequency and air cored at high frequency.
L (vi) Resistance of ideal choke coil is zero y

Ex. A choke coil and a resistance are connected in series in an a.c circuit and a potential of 130 volt is applied to the
circuit. If the potential across the resistance is 50 V. What would be the potential difference across the choke coil.

Sol.  V=yVZ+V? =V, =V’ -V =130y - (507 =120V

Ex. An electric lamp which runs at 80V DC consumes 10 A current. The lamp is connected to

100 V — 50 Hz ac source compute the inductance of the choke required.

Sol. Resistance of lamp R = v = 80 =

10

8Q2

Let Z be the impedance which would maintain a current of 10 A through the Lamp when it is run on

vV o1
100 Volt a.c. then.Z = 1° ILOO =10Q but Z= \R* + (@LY

6
21 x50

6
= (0L} =22 ~R*=(10f ~(8=36 = 0L =6 = L= — = = 0.02H

Ex. Calculate the resistance or inductance required to operate a lamp (60V, 10W) from a source of (100 V, 50 Hz)

R
Sol. @) Maximum voltage across lamp =60V
Va7 Ve =100 oo V=40V
1 1 I
Now current througth Lamp is = Wattage _ 10 —A \2‘_"/
voltage 60 6 100V. 50Hz
1
But V=R = 40= E(R) = R=240Q L
b) Now in this case (V) + (V)= (V)
amp: @
(60)°+(V,)’= (100> =V, =80V N4
100V, 50Hz

1
Also V,=IX, = =X, s0 X, =80x6-480 Q=L (2nf) = L=15H

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

Cost of capacitor is much more than the cost of inductance of same reactance that's why choke coil is used.
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ALTERNATING CURRENT

Etoos Tips & Formulas

T
[1at T
1. Average valueI =23 =T—[Idt RMS value I =

T

jdt 0

0

For sinusoidal voltage V=V sinot: V_ = 2V &V, _ = l;
b
21 I,

For sinusoidal current I =1 sin(ot+¢): [, =—* & I =—=
n

5y

2. AC Circuits
! [} R'| ¥
""_‘J'u' ] "u' h'l_ .r/ :\\
¥ = v, sinal | \ S —_—y
- S
-
[ = —2sin st
1 L _V
T — ~
I)f- L
— — I—- v
¥ =y, sl N, ,.-"' ]
< ~

1= i m-EJ
wml 2

v = v, sina
£
e

1="|l'u|1£5in(ml +E)

3. Impendance : Z=+R”>+X* where X =reactance
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ALTERNATING CURRENT

Ex. 1

Sol.

Ex.2

Sol.

Ex.3

Sol.

Ex.4

Sol.

Ex.5

Sol.

Ex. 6

Sol.

SOLVED EXAMPLE

The peak voltage in a 220 V AC source is
(A)220V (B) about 160 V
(C)about 310 V D)440V

V=2 V_=12x220~330V
Ansis (C)

An AC source is rated 220 V, 50 Hz. The average
voltage is calculated in a time interval of 0.01 s. It

(A) must be zero (B) may be zero
(C) is never zero (D) is (220A2)V
May be zero

Ans. is (B)

Find the effective value of current i = 2 + 4 cos
100 ~t.

2

=23

1
[ = T(2+4c051001t'[)2 dt
rms .[0 T

The peak value of an alternating current is 5 A and
its frequency is 60 Hz. Find its rms value. How long
will the current

take to reach the peak value starting from zero?

- _0 _ = t=

[ =% =——A],
rms\/E ﬁ

=——s

I, 5 T 1
4 240

An alternating current having peak value 14 A is
used to heat a metal wire. To produce the same
heating effect,

a constant current i can be used where 1 is
(A)14A (B) about 20 A
(O)7A (D) about 10 A

Ans. is (D)

Find the average power concumed in the circuit

if a voltage v, = 200\/5 sin ot is applied to an
AC circuit and

the current in the circuit is found to be 1 = 2 sin
(ot+7/4).

Py, _con} 2002 2 = 00w
=V s s €08 :T —= Xcos — =
2 2 T4

Ex.7

Sol.

Ex. 8

Sol.

Ex.9

Sol.

Ex. 10

Sol.

Ex. 11

A capacitor acts as an infinite resistance for
(A)DC (B)AC
(C)DCaswellas AC (D) neither AC nor DC

1
X.= — for DCw=0.s0,x.=00
®c

Ans. is (A)

A 10 pF capacitor is connected with an ac source

E=200+/2 sin (100t) V through an ac ammeter (it
reads rms value).

What will be the reading of the ammeter?
Vo 20082

I
[, =—0 _ =% = 200mA
T xe  1/eC ' ™ m

Find the reactance of a capacitor (C =200 pF) when
it is connected to (A) 10 Hz AC source, (B) a 50 Hz
AC source

and (C) a 500 Hz AC source.
A LI 80 Q for f=10 Hz AC
()XciwC72nfC: ot
source,

I 16 Q for =50 Hz and
B)x. = oC — 2nfC = 6 Q for f= an
C S 1.6 Q for =500 Hz
(©x.= oC 2xfC = o '

An inductor (L = 200 mH) is connected to an AC
source of peak current. What is the intantaneous
voltage of the

source when the current is at its peak value?

Because phase difference between volatage and
current is /2 for pure inductor.

So, Ans. is zero

An AC source producing emf
E = E [cos(100 m s ")t + cos(500 m s "")t] is
connected in series with a capacitor and a
resistor. The current in the circuit is found to
be i=1 cos[(100ms ")t + @ [+i, cos[(500 s )t+ ]
(A)i, >i, B)i =i,

(O)i,<i,

(D) the information is insufficient to find the relation

between i, and i,
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Exercise # 1 [

1.

126

v/ A

The power is transmitted from a power house on
high voltage ac because

(A) Electric current travels faster at higher volts
(B) It is more economical due to less power wastage
(C) It is difficult to generate power at low voltage
(D) Chances of stealing transmission lines are
minimized
The potential difference V" and the current i flowing
through an instrument in an ac circuit of frequency
fare givenby ¥V =>5coswt volts and =2 sin ot
amperes (where o= 27f). The power dissipated in
the instrument is
(A) Zero
oOsw

B)10W
(D) 2.5W

In an ac circuit, Vand / are given by
V=100 sin (100 £) volts, I =100 sin(lOOt+%ij .

The power dissipated in circuit is
(A) 10* watt (B) 10 watt
(O) 2.5 watt (D) 5 watt

Alternating current can not be measured by dc
ammeter because

(A) ac cannot pass through dc ammeter

(B) Average value of complete cycle is zero

(C) acisvirtual

(D) ac changes its direction

The resistance of a coil for dc is in ohms. In ac, the
resistance

(A) Will remain same
(C) Will decrease

(B) Will increase
(D) Will be zero

If instantaneous current is given by
i=4cos (wt+¢) amperes, then the rm.s. value of

current is

(A) 4 amperes

(C) 44/2 amperes

(B) 2,/2 amperes

(D) Zero amperes

In an ac circuit, peak value of voltage is 423 volts.
Its effective voltage is

(A) 400 volts
(C) 300 volts

(B) 323 volts
(D) 340 volts

10.

11.

12.

13.

14.

etoosindia.com

In an ac circuit /= 100 sin 200 7z. The time required
for the current to achieve its peak value will be

1 1

(A) W sec (B) m sec
C L sec D L sec
( 300 ( 400

The peak value of an Alternating current is 6 amp,
then 7m.s. value of current will be

(A)34 (B) 334
(©) 324 (D) 23 4

A generator produces a voltage that is given by
V' =240 sin120 t, where ¢ is in seconds. The

frequency and rm.s. voltage are

(A) 60 Hzand 240V (B)19 Hzand 120V

(C)19 Hzand 170V (D) 754 Hzand 70 V

If E, represents the peak value of the voltage in an
ac circuit, the m.s. value of the voltage will be

N A
)~ B)

EO EO
©7r ®) 75
The peak value of 220 volts of ac mains is
(A) 155.6 volts (B)220.0 volts
(©)311.0 volts (D) 440 volts

A sinusoidal ac current flows through a resistor of
resistance R. Ifthe peak currentis 7, , then the power
dissipated is

1
(A) IR cos 0 (B) EljR

4 1
(©) R (D) 1R

A 40 Q electric heater is connected to a 200 V, 50 Hz
mains supply. The peak value of electric current
flowing in the circuit is approximately

(A)2.54 (B)5.04
©)74 D)104
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ALTERNATING CURRENT

Exercise # 2 [

1.

130

v/ 4

The peak value of an alternating e.m.f givenby 7
E=E, cos ot, is 10 volt and frequencyis 50 Hz.

At time t = (1/600) sec, the instantaneous value
ofe.m.fis:

(A) 10 volt (B)54/3 volt

(C) 5 volt (D) 1 volt 8.

r.m.s. value of currenti= 3 + 4 sin (ot + 7/3) is:

(A)SA (B) V17 A
© > A (D) ! A
V2 V2 N
The voltage of an AC source varies with time
according to the equation, V =100 sin 100 7t t cos
100 wt. Where t is in second and V is in volt. Then
(A) the peak voltage of the source is 100 volt
(B) the peak voltage of the source is (100/ /2 )
volt
(C) the peak voltage of the source is 50 volt 10
(D) the frequency of the source is 50 Hz ’
An AC voltage is given by :
E=E,sin 2nt
T
Then the mean value of voltage calculated over
time interval of T/2 seconds :
(A) is always zero (B) is never zero 11.
(C)is (2E /m) always (D) may be zero
An alternating voltage is given by
e=¢ sinot+ e, coswt. Then the root mean
square value of voltage is given by :
(A) Je? +e3 (B) Je e,
12.

2 2
e, e, e +e5
N D R
© 75 ®) ==

Energy dissipates in LCR circuit in :
(A) L only (B) C only
(C)Ronly (D) all of these

etoosindia.com

The average power delivered to a series AC circuit
is given by (symbols have their usual meaning) :

(A) ETITIS Iﬂ'ﬂS (B) ETITIS ITlTlS COS ¢
(CO)E_1_sing (D) zero

rms = rms

An AC voltage of V= 220\/5 sin [1 00xt + gj is

applied across a DC voltmeter, its reading will
be:

(A)22042 V
(C)220V

(B)«2V
(D) zero

The potential difference V across and the current
I flowing through an instrument in an AC circuit
are given by:

V=15 cos ot volt

I[=2sin ot Amp.

The power dissipated in the instrument is :

(A) zero (B) 5 watt

(C) 10 watt (D) 2.5 watt

What is the rms value of an alternating current
which when passed through a resistor produces
heat, which is thrice that produced by a D.C.
current of 2 ampere in the same resistor in the
same time interval?

(A) 6 ampere

(C) 24/3 ampere

(B) 2 ampere
(D) 0.65 ampere

A direct current of 2 A and an alternating current
having a maximum value of 2 A flow through two
identical resistances. The ratio of heat produced
in the two resistances in the same time interval
will be:

(A)1:1
(©)2:1

B)1:2
D)4:1
A sinusoidal AC current flows through a resistor

of resistance R. If the peak current is I, then
average power dissipated is :

1
(A) I2R cos 0 (B) 51]3 R

4 5 1
(© LR (D) n—zlp R
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Exercise 73

1. A steady current 4 A flows in an inductor coil when connected toa 12 V dc source as shown in figure 1. Ifthe
same coil is connected to an ac source of 12V, 50 rad/s, a current of 2.4 A flows in the circuit as shown in

figure 2. Now after these observations, a capacitor of capacitance S_OF is connected in series with the coil as

shown in figure 3 with the same AC source :

—000000—— — 000000 — 000000

I S S
12V 12V, 50rad/sec. 12V, 50rad/sec.
(Figure 1) (Figure 2) (Figure 3)

Column-I Column-II (in S.I units)
(A) The inductance of the coil (nearly) P) 24
(B) The resistance of the coil Q) 3
(C) Average power (nearly) (R) 0.08
(D) Total reactance

2. Match the Physical quantities given in column-I with the parameters they depend on as given in column-II.

Column I Column I1
(A) Inductance of a coil (P) Depends on resistivity
(B) Capacitance (Q) Depends on shape
(C) Impedance of a coil (R) Depends on medium inserted
(D) Reactance of a capacitor (S) Depends on external AC voltage source
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ALTERNATING CURRENT

Exercise # 4 /

1.

/

7

A wire of resistance R is connected in series with an
inductor of reactance o L. Then quality factor of RL

circuitis [CBSE AIPMT 2000]
R 5 oL
@) —r ®) %

R oL
C)T7—7—= D) T— =
© Ror N o

The reactance of a capacitor of capacitance C is X.
If both the frequency and capacitance be doubled,
then new reactance will be [CBSE AIPMT 2001]

(A)X (B)2X
X
(04X (D) 7
What is the cause of “Green house effect”?
[CBSE AIPMT 2002]
(A) Infrared rays (B) Ultraviolet rays
(C) X-rays (D) Radio-waves
For a series L C R circuit, the power loss at resonance
is [CBSE AIPMT 2002]
A .
A) (B)*Co
1
oL -———
oC
VZ
(OPR D) —
oC

In a circuit, L, C and R are connected in series with

an alternating voltage source of frequency f. the

current leads the voltage by 45°. The value of C is
[CBSE AIPMT 2005]

1
(A 2rf2rfL+R) (B) TrrfL +R)

1
(© 2xf2rfL—R) D) Zf2nfL—R)

The core of a transformer is laminated because
[CBSE AIPMT 2006]

(A) energy losses due to eddy currents may be
minimised

(B) the weight of the transformer may be reduced

(C) rusting of the core may be prevented

(D) ratio of voltage in primary and secondary may
be increased

10.

11.

A coil of inductive reactance 31 Q has a resistance
of 8Q. It is placed in series with a condenser of
capacitative reactance 25 Q.The combination is
connected to an AC source of 110 V. The power

factor of the circuit is [CBSE AIPMT 2006]
(A)0.56 (B)0.64
(©)0.80 (D)0.33

What is the value of inductance L for which the
current is maximum in a series LCR circuit with
C=10 pF and ©= 1000 s'?|CBSE AIPMT 2006]

(A) 100 mH

(B) I mH

(C) Cannot be calculated unless R is known
(D) 10mH

The primary and secondary coils of a transformer
have 50 and 1500 turns respectively. If the magnetic
flux ¢ linkedwith the primary coil is given by
= ¢, +4t, where ¢ is in weber, t is time in second
and ¢, is a constant, the outpur voltage across the

secondary coil is [CBSE AIPMT 2007]
(A)90V (B)120V
(©)220V D)30V

A transformer is used to light a 100 W and 110 V
lamp from a 220 V mains. If the main currentis 0.5 A,
the efficiency of the transformer is approximately

[CBSE AIPMT 2007]
(A)30% (B)50%
(C)90% (D) 10%

The velocity of electromagnetic radiation in a
medium of permittivity & and permeability i, is given
by [CBSE AIPMT 2008]

8O
A) ™

1
© \/“—8

(B) \heg,

Mo
o2
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Qs

STRAIGHT OBJECTIVE TYPE

1. Ifi, =3sin otandi,=4 cos t, theni, is

(A) 5sin (wt+53°) (B) 5sin (ot+37°) (C) 5sin (wt+45°) (D) 5 cos (ot +53°

2. An alternating EMF of angular frequency o [: ]is applied to a series LCR circuit. For this frequency

1
JLC
of the applied EMF,

(A) The circuit is at 'resonance' and its impedance is made up only of a reactive part

(B) The current in the circuit is in phase with the applied EMF and the voltage across R equals this applied
EMF

(C) The sum of the potential differences across the inductance and capacitance equals the applied EMF
which is 180° ahead of phase of the current in the circuit

(D) Impedance of the circuit is less than R
3. An LCR series circuit with 100 Q resistance is connected to an AC source of 200 V and angular frequency 300
radians per second. When only the capacitance is removed, the current lags the voltage by 60°. When only

the inductance is removed, the current leads the voltage by 60°. Then the current and power dissipated in
LCR circuit are respectively

(A) 1A, 200 watt. (B) 1A, 400 watt. (C)2A, 200 watt. (D) 2A, 400 watt.
4. When an AC source of emf E = E sin (100 t) is connected across a circuit, the phase difference between the

emf E and the current i in the circuit is observed to be 7 as shown in the diagram. Ifthe circuit consists

possibly only of R-C or R-L or L-C series, find the relationship between the two elements.
iore
| e
[\
\J

(A)R=1kQ, C =10 uF (B)R=1kQ,C=1pF
(C)R=1kQ,L=10H (D)R=1kQ,L=1H
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