Alternating Current

Alternating current

A type of current or voltage whose magnitude changes with time and direction reverse periodically is known as
alternating current or alternating voltage.

The instantaneous value of alternating current is

I = lsin ot.
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Where I, is the maximum (peak) value of current.

The instantaneous value of alternating voltage is
E = Eosin ot.
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Where E, is maximum (peak) value of voltage (emf)

Measurement of alternating current
1.  The average value of alternating current measured in complete cycle is zero.

2. The average value of alternating current measured in half cycle is known as average value. The average value
of alternating current is

IAvg, = 0637 Io
This value is not in good agreement with practical value.



3. Root mean square value of current (Ir.ms)
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Root Mean Square value of current is defined as the steady current (D.C.) which develops heat in a given
resistance (R) for a given time (t) as that done by alternating current for the same resistance in same time. It is
denoted by lims.
Let us consider a resistor of resistance R is connected with an AC source. Let | = I, sin ot be the instantaneous
value of current flowing through the resistance. The small amount of work done by the alternating current in
small time dt is

dw = I2Rdt
or, dw = I sin? ot Rdt
or, dw = I®2Rsinfotdt.................. (1)
The total amount of work done in a complete cycle can be obtained by integrating equation (i) from limit O to
T.
T
W = [ 12Rsin? ot dt
O
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or, W = I2R ] sin? wtdt
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o, W ="-[T-0] |« [cos2wtdt = 0
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or, W= 5 e (i1)

Let Iims be the steady value of current which is passed through the same-resistance ‘R’ for same time ‘t’. Now heat
developed by the current is

H=lm? RT ..o, (iii)
According to the definition,
H=W
1’RT

o, Im?RT = >

S
or, lms® = 2
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or, Ims = \/5
Ims = 0.7070 I,
Similarly,
Ems = 0.707 Eo
This value is in good agreement with practical value.
Wave diagram and phase diagram.
() E = Egsinwtand | = I, sin ot

NE ov

| \

l T
Phare - diagram

(i) E = Eosinwtand I =1, sin (ot + ¢)
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(ili) E = Eo sinotand I = I, sin (ot — ¢)
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AC circuit containing resistor only.
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Fig: AC circuit containing resistor only.

Let us consider a resistor of resistance R is connected with an AC source of emf E = E, sin ot where E is instantaneous
value of emf and E, is peak value of emf. The instantaneous value of current flowing through the circuit is

_E
R
_ Eosin ot
Or, 1|= R
. E
or, | = lysini ot ( ozﬁo)

Since we are started from E = E, sin ot and arrived at | = |, sin ot, the wave and phase diagram are:
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AC circuit containing inductor only.
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Fig: AC circuit containing inductor only.



Let us consider an inductor of inductance L is connected with an AC source of emf E = E, sin wt. When the inductor
is connected with AC source, changing current flows through it due to which an amount of emf induced in the coil.
Let the emf induced in the coil is

dl
€ =-L dt
From Kirchhoff's second law (KVL),
E+e =0
dl
O, E-Lgi=0
o
Or, Eosinot = Ldt
_Eo

Or, dI L sin ot dt.
On integrating above equation; we get;

fdI = % [ sin wt dt

E
or 1= fo (_ cos cot)
Q)
E
Oor, | =——="cosot
oL
Eo . . . . .
Or, 1= —x, cos ot  (Where X, = oL is inductive reactance i.e. total resistance offered by inductor.)
Or, 1 = —1l,cos mt
R T
Or, | =—lpsin (E—mt)
. T
Or, 1 = lpsin (cot—g)

Since we have started from E = E, sin wt and arrived at | = I, sin ((x)t - g) the wave and phase diagram are;
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AC circuit containing capacitor only.
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Fig: AC circuit containing capacitor only.

Let us consider a capacitor of capacitance C is connected with an AC source of emf E = E, sin wt. Let V. be the
potential across the capacitor. From Kirchhoff’s second law (KVL),

E= V.
Or, V¢ = E¢sin ot
Let us consider a small amount of charge (dq) flows in small time (dt). Now, the current is

| - dg
T odt
d(v.,C .
or, 1= Jﬁ) since, g = VC
d .
Or, 1|= ot (CEssinot)
d, .
Or, 1=EC a(smmt)
Or, 1 =E,C (wcos wt)
Or, 1 = E, oC cos wt
— Eo
Or, 1= ol cos ot
Eo 1. ..
Or, 1= X, cos ot (Where X = — is capacitive reactance
L ®C
i.e. resistance offered by capacitor in a.c. circuit)
Or, | = Iy cos ot
Or, | = lpsin (mt+g)
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Since, we have started from E = E, sin ot and arrived at | = I, sin (cot + %) the wave and phase diagram are;



AC circuit containing resistor and inductor in series.
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Fig: AC circuit containing resistor and inductor in series.

Let us consider a resistor of resistance R and an inductor of inductance L are connected in series with an AC source
of emf E = E, sin ot. Let Vp and V. be the potential across resistor and inductor respectively.
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In AC circuit containing resistor only the current | and voltage Vr will in the same phase. The voltage Vr is reactant
by OA in the figure.

In an AC circuit containing an inductor only, the voltage leads the current by phase angle g . The voltage V. is

represented by OC in the figure.
From AOAB,
(OB)? = (OA)? + (AB)?
Or, (OB)? = (OA)? + (0OC)?
Or, Vr? = VR?+ V|2
Or, Vg2 = IPR2+ 12X 2 ( X_ = Inductive reactance)
OI’, VR|_2 = |2 (RZ + XLZ)

V 2
Or, IF;L = R2+ X,2

VRL . . . . N
Or, Z? = R*+ X (where Z = % is known as impedance i.e. total resistance offered by a.c. circuit.)

Or, Z = \R?+X,?

Calculation of phase angle (¢):



In figure, ZAOB = ¢ is the phase angle.

From AOAB
Tang = 2B _ OC
ane = oA T 0A

\Y
Or, Tan¢ = V_:

I XL

Or, Tan¢ = TR

X
Or, Tan¢ = ﬁL

o= )]

The above result shows that voltage leads the current by phase angle ¢,
i.e. current lags behind the voltage by phase angle ¢.

AC circuit containing resistor and capacitor in series.
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Fig: AC circuit containing resistor and capacitor in series

Let us consider a capacitor of capacitance C and a resistor of resistance R are connected in series with an AC source
of emf

E = E, sin ot. Let Vr = IR and V¢ = X, be the potential across resistor and capacitor, respectively.
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When an AC circuit is connected with a resistor only, the current | and voltage Vr will be in the same phase. The
voltage Vr represented by OA in the figure.



When an AC circuit is connected with a capacitor only, the voltage lags behind the current by phase angle g . The

voltage V¢ is represented by OC.
Let us complete a parallelogram OABC. Now, the diagonal OB represents effective voltage E (i.e. Vrc).
From AOAB,
(OB)?* = (OA)* + (AB)?
or, (OB)? = (OA)?+ (0C)?
or, E?= Vg + V2
or, E% = (IR)?+ (IXc)?

E2
or, |_2 = R?+ Xc?
E. . . . .
or, Z% = R?>+Xc? (where Z= T is impedance total resistance offered by a.c. circuit.)

Z = \RZ+ X
Calculation of phase angle:
From AOAB,

V

or, Tan¢ = V_g
X

or, Tan¢ = TR

X
or, Tan¢ = ﬁc

[d) = tan? %J

The above result shows that in an AC circuit containing capacitor and resistor in series, voltage lags behind the current
by phase angle ¢.

AC circuit containing inductor, capacitor and resistor in series. (LCR in series).
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Fig: AC circuit containing inductor, capacitor and resistor in series

Let us consider an inductor of inductance L, a capacitor of capacitance C and a resistor of resistance R are connected
in series with an AC source of emf, E = E, sin wt. Let V, V¢ and Vr be the potential across inductor, capacitor and
resistor, respectively.
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In AC circuit containing resistor only, the current and voltage will be in the same phase. The voltage Vr is represented
by OA in the figure.

In AC circuit containing inductor only, the voltage leads the current by phase angle g , the voltage V| is represented

by OY" in the figure and in AC circuit containing capacitor only, the voltage lags behind the current by phase angleg

, the voltage Vc is represented by QY in the figure, The voltage V. and V¢ are in opposite direction. If (V. > V¢) then
the resultant voltage of V_and V¢ i.e., (VL — Vc) is represented by OC.

Let us complete a parallelogram OABC. Now the diagonal OB represents the effective voltage E of the LCR series
circuit.
From AOBA,
(OB)? = (OA)? + (AB)?
or, (OB)? = (OA)?+ (OC)?
or, E?= Vr*+(VL—Vc)?

or, E2=12R2+ (I X_— | Xc)?
EZ
o, = R2 + (XL — X¢)?

or, ZZ=R?>+(X_-Xc)? (.~ Z= Tis impedance of AC circuit i.e. total resistance offered by AC circuit)

or, Z = \R2+ (XL - Xc)?

Calculation of phase angle:

From AOAB,
Tang - 2B _ OC
ane =oa~ oA
V-V
or, Tan¢ = LVR €
I X —IX
or, Tan¢ = LIR <
X=X
or, Tan¢ = LR <



Special cases:
. IFXe>Xc

In this case, the value of phase angle ¢ is positive i.e. voltage leads the current by phase angle ¢.
I X =Xc

In this case, the value of phase angle ¢ is O. i.e. voltage and current will be in the same phase.
I I Xc> X,

In this case, the phase angle ¢ is negative i.e. voltage lags behind the current by phase angle ¢.

Power consumed by AC circuit (LCR in series):
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Fig: AC circuit containing inductor, capacitor and resistor in series

Let an inductor of inductance L, a capacitor of capacitance C and a resistor of resistance R are connected in series
with an AC source. Let | and E be the rms value of current and emf, respectively. Let us consider the case in which
current lags behind the voltage by phase angle ¢. The instantaneous power developed is
Pins = I.E.

or,  Pins=losin (ot —¢) . Eo sin ot

or,  Pins= 1o Eo (sin wt. cos ¢ — cos ot sin ¢) sin ot

or,  Pins = lo Eo (sin? ot. cosp — sin ot cos ot sin ¢)
Let dw be the small amount of work done in small time dt

ie. dw = Pins. dt ..coviiiiiiinn, (1)
Now, the total amount of work done in a complete cycle can be obtained by integrating equation (i) from 0 to T.

T T
of, | dw = [ Pin.dt

(6} O
T
or, W = I.E. [ (sin? ot cos ¢ —sin ot cos ot . sing) dt
0]

or, W

T . T
I.E. [cos o) (1—cgszmt) dt—SIrzl(I) [ sin2t . dt}
o [¢]

I.E T T T
or, W =-= °[cosd){fdt—fcosthdt}—sind).O] [+ ] Sin 2wt dt=0]

2
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o, W =="[cos¢{T—-0O} [ [cos2etdt=0]
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lo Eo

or, W= 2 .cosd.T



lo, Eo
o, W=—F7=.—F=¢cosoT
22 st
or, W = lims.Ems cOS$T

Now, the average power developed in complete cycle is

W
Pavg = T

Pavg = Irms Erms . COS (I)
R.
Where, cos ¢ = Z s known as power factor.

Special cases
I.  Resistor only
We have, Pavg. = lims Erms COS 0
of,  Pag = lums Ems COS O (¢ = 0°)

or, Pang = lms Erms
I1.  Inductor only
We have, Pang = lms Erms COS (1)
1 _
OI’, Pavg. = |rms Erms COS? ( (l) = ?)
Pavg. =0

I11.  Capacitor only
We have, Pavg. = lrms . Erms COS ()

or, Pavg. = lyms . Erms COS (g) |: - §:|

or, Pag = 0

a

IV. LandR inseries
We have, Pag = lims Ems COS ¢

Py

cos ¢ = Z
Z = \[RZ+ X2
V. Rand Cin series
We have, Pavg. = lims Erms COS ¢
R
cos ¢ = Z

Z = \RZ+ X2



Electrical resonance:

In an AC circuit containing L, C and R in series if X_ = Xc, the value of impedance becomes minimum and current
becomes maximum. This condition is known as electrical resonance. In electrical resonance, current and voltage will
be in same the phase.

For electrical resonance,

XL:XC
1
or, oL = oC
1
or, 2nf,L = P f.C
1
2 -
o, %" =771
fo L[
or, f, = o c

Where f, is known as resonance frequency.

Quiality factor:

Quality factor is defined as the ratio of potential difference across inductor or capacitor to the potential difference
across resistor in resonance condition.

_ P.d. across inductor

~ P.d. across resistor

Vi
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Q. factor
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Q. factor
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P.d. across capacitor
P.d. across resistor
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Q. factor =



2nfo CR
: 1
- 1
2n o c CR
1 L
Q. factor = R\/;

Choke coil:
A coil having a large number of turns and negligible internal resistance is known as a choke coil. It is a pure inductor.
Average power consumed in AC circuit containing inductor only is

Pavg. = lims Erms COS ¢

For inductor only ¢ =

Na

T
PAng = lms Erms COSE

PAvg. = O

Wattless current:

In an AC circuit containing an inductor only or capacitor only, the value of phase angle is g and average power

consumed is O. Current in this case is known as wattles current.

Wattful current:

In an AC circuit containing resistor only, the average power consumed is lyms Erms. The current in this case is known
as watt full current.

Admittance:
Admittance is defined as the reciprocal of impedance. It is denoted by Y.
Mathematically,

1

Admittance, Y = Impedance (Z)

1
Y= ———
\'Rz + (XL— Xc)2

Its unitis QL



Where |, is maximum (peak) value of current.

Alternating Current

Formula for Numerical Problems:

The instantaneous value of alternating current is

I = lpsin ot.

And the instantaneous value of alternating voltage is

Where E, is maximum (peak) value of voltage.

2.

E = Eosin ot.

For certain phase angle ( ¢)
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E = Eosinwtand I = I, sin (ot £ ¢) where ¢ is phase angle between emf and current.

I E
3. lms = \/_Oé & Ems = \/_%
4, Phase angle (¢) between current and voltage in AC circuit containing
R L C R&L R&C LCR
$=0 ¢:-% ¢:§ Tanq):% Tand):% TamcI):xLF-eXC
ie. 1&E |ie. llags i.e. I leads i.e. Ilags i.e. I leads For X, > Xc
are in behind the E by e E byE behind the E by | the E by i.e. I lags behind the E
same . \ 2 T, o phase angle | by phase angle ¢.
phase 5 (i.e. by 909) (e by90) |2 (i.e. by 90°) b,
5. Inductive reactance (i.e. resistance offered by inductor),

X =oL=2afL

Capacitive reactance (i.e. resistance offered by inductor),

1 1

Xc_coc_anC

6. Impedance of AC circuit i.e. total resistance offered by AC circuit

Z = \'Rz‘l' (XLch)2




10.

11.

12.

13.

Voltage drop across R, Vr = IR

Voltage drop across L, Vi = | X

Voltage drop across C, Ve =1 X

Circuit Formula E = 1Z (in AC) [E=V=IReq, forr=0 (in D.C)]
Electrical Resonance

At resonance, | is max™ and hence Z is min™ as E= 1Z

We have, Impedance, Z = \/R% + (XL — Xc)?

i.e. at resonance, X, = X¢

; 1 1
Resonating frequency, f, = o~ \/?_C

. _ViorVc
Quality factor = Ve

1 L
Q. factor =R \/;

Average power consumed in AC circuit

Pavg = lyms Erms . COS (I)

R R
Power factor, cos ¢ = 7= RZ+ (X0
L— AC

A.C. Circuit containing inductor with some internal resistance (r.)

|LC
XL ,XL Xe

)
)

(i) Impedance of AC circuit, Z = /(R +r.)%+ (XL — Xc)?
(ii) Impedance of AC circuit containing L & R, Z = A[(R+r)2+ X, 2




(iii) Total resistance offered by inductor, Z, =/r.%+ X2

(iv) Voltage drop across inductor, Vi =1 Z,

(v) Phase angle (¢), Tan ¢ = %



