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CHAPTER 7

ALTERNATING CURRENT

AC Voltage and AC Current

® Avoltage that varies like a sine function
with time is called alternating voltage (ac
voltage).

e The electric current whose magnitude
changes with time and direction reverses
periodically is called the alternating
current (ac current).

Advantages of AC:

® Easily stepped up or stepped down using
transformer

e Can be regulated using choke coil without
loss of energy

e Easily converted in to dc using rectifier (Pn
- diode)

® Can be transmitted over distant places
®  Production of ac is more economical

Disadvantages of ac

e Cannot used for electroplating - Polarity
of ac changes

® acis more dangerous
® |t can't store for longer time

Representation of ac

® An acvoltage can be represented as

sin wt

L=1

b}
m
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e v- instantaneous value of voltage,
vm- peak value of voltage, w - Angular
frequency.

RMS Value (effective current

* r.m.s. value of a.c. is the d.c. equivalent
which produces the same amount of heat
energy in same time as that of an a.c.

e |t isdenoted by I,ms Or .

¢ Relation between r.m.s. value and peak

value is

lm

Lrms = —=

V2

e The r.m.s voltage is given by
vm

Vims = 7=

V2

Phasors

e A phasoris a vector which rotates about
the origin with angular speed w.

® The vertical components of phasors V and
| represent the sinusoidally varying
guantities v and i.

® The magnitudes of phasors V and |
represent the peak values v, and i,

ot

* The diagram representing alternating
voltage and current (phasors) as the
rotating vectors along with the phase
angle between them is called phasor
diagram.

AC Voltage applied to a Resistor

e (™) ~ R




The ac voltage applied to the resistor is

v = v, sin et

Applying Kirchhoff’s loop rule

v,sinwt=1R

v
i=-2sinwl
R

Since R is a constant, we can write this

equation as

1= i, sinwt

Where peak value of current is
B
o =15
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Thus when ac is passed through a resistor
the voltage and current are in phase with

each other.
U | 7 v
o p= o @i
Phasor diagram
v sin wi, -
s ™
'-\_ AN
I
_ ., wi,
%nlsin wi,
Instantaneous power

The instantaneous power dissipated in

the resistor is

p=i"R=i>Rsin* ot

Average power

The average value of p over a cycle is

p=<i’R>=< i’ Rsin® ot :

or
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p=i:R < sin® ot >

m

Using the trigonometric identity,
sin” wt = 1/2 (1- cos 2wt )
< sin” wt > = (1/2) (1- < cos 2wt >)

Since < cos2wt>=0

. 1
<sinwt>==
2

Thus

—
= —i’R
p 2]’?1

In terms of r.m.s value

Or

P=V%/R=IV (since V=IR)

AC VOLTAGE APPLIED TO AN INDUCTOR

u A p=
£\ =L
\\____),’ P

Let the voltage across the source be

=1 sinamt
it

Using the Kirchhoff’s loop rule

di
v-L—=0

dt
Where L is the self-inductance

Thus

di v v,
—=—=-"sinwt
dt L L

Integrating

J‘ﬂdr_ = hj. sin(ot)dt
dt L




«

i = —U—”Lcos(o)t] + constant

® Since the current is oscillating , the
constant of integration is zero.
® Using

A

T
oy,

—cos(wt) = sln[ ol —

f

[ T
(=1, sin| of - EJ

e Where

e Where X,- inductive reactance

Inductive reactance (X,)

* The resistance offered by the inductor to
an ac through it is called inductive
reactance.

® |tisgiven by

XL=mL

e The dimension of inductive reactance is
the same as that of resistance and its S|
unit is ohm (Q).

e The inductive reactance is directly
proportional to the inductance and to the
frequency of the current.

Phasor Diagram

e We have the source voltage

= 1 sitvaet
mt

e The current
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s

{ '
{=1_ sin| ot - —
m |\ 2J

® Thus a comparison of equations for the
source voltage and the current in an
inductor shows that the current lags the
voltage by /2 or one-quarter (1/4) cycle.

A v .
i /'
v, Sinwt .
L9k /“ b /fﬁt >

/-" I T / an

i,sin(wt-7/2)

Instantaneous power

e The instantaneous power supplied to the
inductor is

p,=tv=1_ sm{ wt—il xv_sin(ot)
= ~i,,U,, cos(at)sin( ot

i .
= - Tsin(20t)
2 1

Average power

e The average power over a complete cycle
in an inductor is

/i,
P, = —Tsm[_Emt);.

"I
\ {
/

Im I“"m /

= —mm (sin(2wt)) = 0.
7 ( ))=0

® since the average of sin (2wt) over a
complete cycle is zero.

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

2 HSSLIVE.IN



Page 4 of 9

AC VOLTAGE APPLIED TO A CAPACITOR

@ ——o¢

A capacitor in a dc circuit will limit or
oppose the current as it charges.

When the capacitor is connected to an ac
source, it limits or regulates the current,
but does not completely prevent the flow
of charge.

Let the applied voltage be

=1 sinwmt
m

The instantaneous voltage v across the
capacitor is

_q

C

Where q is the charge on the capacitor.

Using the Kirchhoff’s loop rule
q

v osinot = —
C

Therefore

m

i= (?t(u Csinwt)= wCuv, cos(ot)

Using the relation

i i _r\l
cos(at) = sm‘ ot +‘—j
N 2/

p
i=1i. Sin[ ot +

A
2)

Where

Al
Lm

fm = 1/oC)
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Where Xc — capacitive reactance

Capacitive Reactance

It is the resistance offered by the
capacitor to an ac current through it.
The dimension of capacitive reactance is
the same as that of resistance and its SI
unit is ohm (Q).

Phasor Diagram

The applied voltage is

D=1 sinwt
m

The current is

P ™)
1:1111511'11(91‘ 5

Thus the current leads voltage by n/2.

u,Sin Wi,

]
el
.__l"-
=
.-v/f
]
B

isin( wt+1/2)

Instantaneous power

The instantaneous power supplied to the
capacitor is

p.=iv=1_cos(owtjv_sin(wi)
[ . m X m
=1 v_cos(of) sin(wi)

I’FTl U m

= ——sin(2mt
2 (20t)

Average power

The average power is given by
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\ {

-'; I:m Um . III‘\ I:m Um { e 4
B. = sin(2mt) ) = (sin(2et)) =0
C \ 2 / 2 \ /

Thus the average power over a cycle
when an ac passed through a capacitor is
zero.

AC VOLTAGE APPLIED TO A SERIES LCR CIRCUIT

Let the voltage of the source to be
V =V, sin wt

From Kirchhoff’s loop rule:

L£+I‘.R+gzu
dt C

Where , q - the charge on the capacitor
i —current
Using, i=dqg/dt

2
g +R£+g = v,

L 2
dt dt C

sinwt

Phasor-diagram solution

Since the current through resistor,
inductor and capacitor is the same as
they are in series.

If ¢ is the phase difference between the
voltage across the source and the current
in the circuit,

i=1_ sin(wt+e)

Let | be the phasor representing the
current in the circuit and VL, VR, VC, and
V represent the voltage across the
inductor, resistor, capacitor and the
source, respectively.

The phasor diagram is
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I U, -
‘_\_ J-l ._______1'"]
VR : - V
-
I Lo/ A
Wt + : e

/

¢

/ﬁ

\?&V +V,

Ve

* The length of these phasors Vg, V¢

and V_ are:
URm R [Cm L XC' L"Lv:rt = r‘m XL
e Also

VL+VR+VC=V

e Since V¢ and V| are always along the
same line and in opposite directions,
they can be combined into a single
phasor (VC + VL) which has a
magnitude |Vem — Viml

® Since Vis represented as the
hypotenuse of a right-traingle whose
sides are Vg and (V¢ + V), the
pythagorean theorem gives:

2

V2 =% +(v. —v, )
m Em S Cm ‘Lm |

Thus

131 = [imR]2 + [imXC‘ - I:rrz‘}{L]z
= ’ﬁz [R2 +(Xe - XL]QJ

Therefore

m

I = \/RQ - [XC

- X, )
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e Or o |If Xc> X, ¢ is positive and the circuit is
predominantly capacitive.
i — 1'JJ"I"t
m YA e If Xc<X,, dis negative and the circuit is

predominantly inductive.

where Z = \/RQ + (X, - X, )

& F—d’% ‘/U
. . Voo S e S
e Ziscalled impedance . : i /
HpeEE LAY am—"d \
Impedance A o,
| 0 o,;t1 L an

* |tis the effective resistance offered by the
inductor, capacitor and resistor in an LCR

circuit.

® |mpedance is given by

Z — -\/RZ + [XC _ XL ]2 I.C R RESONANCE

® For an LCR circuit the impedance

Impedance Triangle

Z = R +(X. - X, )

v v

m

im ==
Z R +(X,-X,F

e |f Xc=X., thenZ =R, the impedance is
minimum and the current in the circuit is

maximum — LCR Resonance

e Aseries LCR circuit, which admits

* Since phasor | is always parallel to phasor maximum current corresponding to a

VR, the phase angle ¢ is the angle
between Vg and V.

particular angular frequency of the ac

source is called a series resonant circuit.
e Resonance phenomenon is exhibited by a
® Thus circuit only if both L and C are present in
the circuit.

Up — D
. _ —~Cm Lim
tan ¢ = ——— Resonant frequency

IJRm
e The angular frequency at which the
e Or . . . o
current is maximum in an LCR circuit is
X _X called resonant frequency (wo).
C L
ang=—"p e Thatis
1
X, =X, or =a, L
e Thus My
aXe-X :
¢:tan]—cR L o 1
or Y90 T T/—
° JLc
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e Atresonant frequency, the maximum
current is given by

imax v, /R

m

e \We choose a value of w for which the
current amplitude is 1/ V2 times its
maximum value.

Graph showing variation of iy, with w 1
Current
1.0/
’ \ im (max) /2 Aw
T 0.5— (i)
g [l
- NN
[ — . >
0.0 —-_;—;: lf;” 1?5 2.0 w2 Wo w1
w, Mrad/s —» Angular frequency
Applications of resonance
® |n the tuning mechanism of a radio ora TV e At this value, the power dissipated by
set the circuit becomes half.
® In metal detectors. ® Thus
. i W, = 0. +Aw
Tuning of radio or TV 1 0
® In tuning, the capacitance of a capacitor in (102 = (ﬂD —-Aw
the tuning circuit is varied such that the o The difference w: — s = 28w is
1— W =
resonant frequency of the circuit becomes called the bandwidth of the circuit
nearly equal to the frequency of the radio ) ] '
signal received ¢ The quantity (wg / 2Aw) is regarded
. ' . as a measure of the sharpness of
e At this frequency, the amplitude of the P
. . resonance.
current with the frequency of the signal of
. . . L ® The smaller the Aw, the sharper or
the particular radio station in the circuit is
. narrower is the resonance.
maximum.
Sharpness of resonance v
* m
at o, 1, = >
® The amplitude of the current in the , | )
series LCR circuit is given by R™+ 1 oL - o.C |
B \. i, 1 J/'
. U,
l'F'."l =
( 1) ?
l -
JR“L“L‘@J it
2 R2
¢ The maximum value is

imax — Um /R‘

m
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¢ 2
1 |
R?+|w,L = RJ2
ot \/ L ! w, C)
e 1 2
or R? + L(ol L- | 2R
w, C)J
o L — 1 =R
@ C
which may be written as.
(@, + Aw) L —; =R
(w, + Aw)C
A 1
oOLll+—Q\I _,—:R
Po @,C l 1+ Ao
Dy ,]
e Using
[0 = 1
" LC
Ao @, L
UGL 1+— - - =R
@ | Ao
0 1+ —
g
/ -1 / ’
[, Ao) [ Ao) Ao
We can approximate { 1+ —J as | 1- *J since —_ <<]
@ L@y ol
[ Aw) Ao
moLLl"' (OOLLI——J*R
@y @y
2A0
or ()DL— = R
@
R
Ao =—
2L
The sharpness of resonance is given by,

940 R

@,
The ratio % is also called the quality factor, @ of the circuit.

e Thus
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e So, larger the value of Q, the smaller is the
value of 2Aw or the bandwidth and
sharper is the resonance.

e Also

Q=1/w,CR.

e |f the resonance is less sharp, not only is

the maximum current less, the circuit is
close to resonance for a larger range Aw
of frequencies and the tuning of the
circuit will not be good.

e So, less sharp the resonance, less is the
selectivity of the circuit or vice versa.

POWER IN AC CIRCUIT: THE POWER FACTOR

e We have

=1 sin(wt+ ¢)

e  Where

{ e Y
Pm and ¢ = tan™ [ Xe =Xy )
Z \

m = R

m

® Therefore, the instantaneous power p
supplied by the source is

p=vi=(v,sinot)x[i, sin(at + g)|
v
_ ’“2”" [('0:,;;} cos(2ot + gzﬁ]]

o Therefore

CcOs ¢

P n12n1 C{)b-’;ﬁ mn ‘V{_

= Vicosg

This can also be written as.

P=1I12Zcos¢

e The quantity cosg is called the power
factor.

Special cases

Resistive circuit:

If the circuit contains only pure R, it is
called
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resistive. In that case ¢$=0, cos¢p = 1.
There is maximum power dissipation.

Purely inductive or capacitive circuit:

e |f the circuit contains only an inductor or
capacitor, the phase difference between
voltage and current is /2.

e Therefore, cos =0, and no power is
dissipated even though a current is
flowing in the circuit. This current is
sometimes referred to as wattless
current.

LCR series circuit:

® Inan LCR series circuit the power is
dissipated only in the resistor.

Power dissipated at resonance in LCR circuit:

e Atresonance X;—X;=0,and ¢ =0.
Therefore, cosb=1and P=1°Z=1%R.

e Thatis, maximum power is dissipated in a
circuit (through R) at resonance.

LC OSCILLATIONS

® When a capacitor (initially charged) is
connected to an inductor, the charge on
the capacitor and the current in the circuit
exhibit the phenomenon of electrical
oscillations similar to oscillations in
mechanical systems.

\‘ H'
|\ ‘+

-® b

e According to Kirchhoff’s loop rule,

q pdi_ 4
C dt
o But | =~d9/d0
o Therefore
d?q 1
1 +—qg=0

® This equation has the formfor a simple
harmonic oscillator

.dgx
dit

+ wg x =0

* The charge, therefore, oscillates with a
natural frequency

1
JLC

® The charge varies sinusoidally with time

@, =

as

q = q, cos(a,t + )

* Where g, is the maximum value of g and
¢ is a phase constant.
e Whend=0

q = q,, cos(ayt)

e The currentis

i=1, sin(eo,t)

where i, = @,q,,

o The LC oscillation is similar to the
mechanical oscillation of a block attached
to a spring.

Comparison between an electrical system and a

mechanical system

Mass m Inductance L
Force constant k Reciprocal capacitance
1/C
Displacement x Charge g
Velocity v = dx/dt Current i=dg/dt
Mechanical energy Electromagnetic energy
2
T o U:lq—+lLi2
2 2 2C 2
o .
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