Electrical Science: 2021-22
L_ecture12
Introduction'to AC Circuits

By Dr..Sanjay Vidhyadharan
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Alternating Currents

Advantages AC over DC

(1) The generation of AC is cheaper than that of DC.
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Alternating Currents

Advantages AC over DC

(if) When AC is supplied at higher voltages, the transmission losses are small.compared to DC transmission.
Conversion from high to low voltages and vice-versa is essay.
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Alternating Currents

Advantages AC over DC

(iit) AC can easily be converted into DC with the help of rectifiers.
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Alternating Currents

Disadvantages of AC w.r.t DC

(i) Design of AC circuits more complex than. DC
(i1) Paralleling AC more complex than DC sources
(ili) Losses due to radiation
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Alternating Currents
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Alternating Currents
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Alternating Currents

y f(x) =.sinx

—— T\
X) = sin{x — -]

f(x) = sin(x — )
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Alternating Currents

B Cis leading D and E; D is‘leading E
D
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D is lagging C; E is lagging both C and D
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Alternating Currents

Vector rotation
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Alternating Currents
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Review of Complex Numbers

Complex Numbers
e i=v-1 « Complex number A=a+ib
. « Complexconjugate A=a-|b
* 2=(v-1)2=-1
* B=i2xi=—1xi=—i

i4=(i2)2=(-1)2=1
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Review of Complex Numbers

Euler’s Formula i
Exponential Form axis
cCosO+i1sinO=eb

o . b
cCosO-1SINnO =e® )

» Real axis

Rectangular form
A=a+ib
Can we write?
A=atib=Me®=McecosO+iMsino6
—a=McosO;,b=Msinb
— tan 6 = b/a
= M = (a2+b?) y
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Phasors

Euler’s Formula

e = cos ¢ + isin ¢

1 By considering cos ¢ and sin ¢ as the real and imaginary parts of e /%,

cos @ = Re(e”), sing = Im(e’?)

O Given a sinusoid v(¢) = V,, cos(wt + @), !

v(t) =V, ‘cos(wt + @) =Re(V, e/ ")

=

e’ =cosp+ising

sin @

v(t)=V cos(wt+@)y=V =V Lo
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Phasor Representation

Time domain representation Phasor domain representation
Vcos(awt + ¢b) Fméé

V. sin(at + ¢b) V./ ¢ — 90°

I cos(at + &) I, @

I, sin(wt + 0) 1,/0 = 90°
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Phasor Conversion Examples

Numerical 1: Transform these sinusoids to phasors,

(@) i=6cos(50t —40) A
(b) v=—-4sin(30t +50°) V

Solution:

(a) i = 6 cos(50¢ — 40)A has the phasor, / =6£—-40°4

(b) Since, —sin 4 = cos(4 + 90°),
v =—4sin(307 + 50°) = 4 cos(30¢ + 50" + 90") = 4 cos(30¢ + 140") V
The phasor form of vis V' =4./140°V
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Phasor Operations

Phasor Operations Z=X+jy
addition: z1+2z2=(X1+X2)+ j(yi+ y2) z=r/d
subtraction: z1 - z2=(X1 - X2)*+ (V1 - ¥2) z= zel?

multiplication: z1 Z2=T1T2 [¢1+¢2 r=\/x2+y2
division: Z=T1 /01~ 02

Vi sinfat+4)

=+

— - -1 -x-
inverse: 12 -1 -0 = tar-l (Y)
B R . AT rsind
square root: \/Z = \/?& efo= cosf+ jsind
complex conjugate: z*=x-jy cosd =Re(eJ'¢)
=r/-0 =rgjo sind = Im(eJ®)

0
v4=50/60° v2=30/-50°
Vit V2=7
V1 =50 [ cos60°+) sin60°] = 25 + j 43.3
v2=30 [ cos(-50°) + j sin(-50°)] =19.3-j23.0

Vi4v2=443+j20.3  Viy=\ViZyv2 =487
Vi+vy = 48.7 [24.6° o = tari ( ) 24.6°
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Average and RMS

v=V,_ Sin (o)

©) RS i=1,Sin (at)

. =V_/R

21
Vavg = jo V., Sin (ot)dt =0

The RMS voltage/current value can also be defined as the "value of the
direct voltage/current that dissipates the same power in a resistor."

f T
frums = XX T 1T1 /T [F(1)]” dt,
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Average and RMS

The RMS voltage/current value can also be defined as the "value of the
direct voltage/current that dissipates the same power in a resistor."

r T
frus = \X T 1T1 fr [F(£)])% dt,

If i is the instantaneous current through the resistance, the average power
dissipated is,

I.‘%MS'R
1 (2T : 1 272 2 sin2 x = 1-cos2x
IHI _—
Ipms = - 0.7071 Vgys= 0.707 V,,

VZ
Power = Vgys * lrms = IPrus™ R = R
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Average and RMS

The Average of a Sinusoidal Signal

* Then the average value is obtained by adding the instantaneous
values of voltage over one half cycle only.

Voltage

i
1
Vo = _f Vp sinf dé 70.7%
0

Peakvalue, (Vp
3 e

)
|
1 RMS value = 0.707Vp
|
|

|
n N > |
3TN fhe—— — | Average value = 0.637Vp |
|
Vy i
Vip =—[—cos]g 0 . x 2%
T
A
2Vp Sine Wave
Vi = —2 = 0637V,
T

v 1 cycle

I, =0.637I,
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Average and RMS

1 RMS value of a sinusoidal current or voltage 1s,

[=0.7071

Peak factor
— for any waveform the peak factor is defined as

peak value
r.m.s. value

Peak factor =

— for a sine wave this gives

V

_ P _
Peak factor = 0707V = 1.414

p

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Average and RMS

1 RMS value of a sinusoidal current or voltage 1s,

[=0.7071

Form factor
— for any waveform the form factor is defined as

r.m.s. value

Form factor =
average value

— for a sine wave this gives

0.707V

_ P _
Form factor = 0637V = 1.1

p
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Average and RMS

Numerical 1: An alternating current of sinusoidal waveform has an RMS
value of 10.0 A. What is the peak-to-peak value of this current?

710
"7 0707 0.707

The peak-to-peak value is therefore 14.14 — (-14.14) = 28.28 A

Solution: 7 =14.14 4
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Average and RMS

Numerical 2: An alternating voltage has the equation.v = 141.4 sin 3771,
what are the values of (a) RMS voltage (b) frequency
(¢) the instantaneous voltage when ¢ = 3 ms?

Solution: The relation 1s of the form v =V, sinwt and by comparison,

@)V, =141.4V =2V Hence, v =122 1000
J2
(b)Also by comparison,
377

w=37Trad | s=2nf,f = Ey. =60Hz
4

(c)Finally, v =141.4sin377t v=141.4sin(377x3x107°) =141.4sin1.131
when =3 x 1073 sec, =141.4%x0.904 =127.8V
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Average and RMS

The peak voltage of 220 Volt AC mains (in Volt) is :

A 1556 Solution
Correct option is B 31
B 220.0
Peak voltage = Ve x v/2
cC 3u
=220 x v/2
D 440.0 =311V
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Thank you
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