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AC Quantity ﬂllﬂt

v(t) v(t)
+ max +1 max
é time é time
Sinusoidal Wawveform B Triangular Waveform
+”(t)max V(O max
time /é time

= =

Sawtooth Wawveform

Square Wawveform

Alternating Current Waveforms

= Changes periodically both in magnitude and direction with respect

to time
= Alternates between two values (+ve and —ve maximum) 44
. [
= Analogous example - Pendulum action. se0e
[ X
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Sinusoidal AC |||I9t
v(t)

(f_—) (:31 t|peak é

time
Load

Source

C I w®

peak

Alternating Current

= The nature of transition between +ve and —ve maximum IS
sinusoidal

= |f A is at higher potential- +ve half cycle 000
000

= If B is at higher potential- -ve half cycle ::::
( X
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Instantaneous Value

= The discrete value at any
Instant. votage

= The instantaneous value
changes at every instant in a
sinusoidal function

= Instantaneous value is given
as

Instantaneous

= p(0) =V,sinf
= v(wt) =V,sinwt




Waveform ﬂ"ﬂt

= A graph of instantaneous values plotted against time or angular
displacement.

Cycle

= Set of values which repeat itself again and again is called one
cycle y ’ one cycle R’
iy - :
\/ \7L mplitude co0
= 0000

> 0000

one cycle 000
o0




Frequency

= Number of cycles per
second Is called frequency

= Unit of measurement for
frequency is Hertz or
cycles/second

= 50 Hz frequency means the
signal repeats 50 cycles in
each second

Amp t

1 Hz

l
I
F—1 sec —

AWANE

AN

2 Hz




Time Period ﬂ"ﬁt

= Total time consumed during one complete cycle is called time
period

= [For a 50 Hz frequency signal Time Period will be 0.02 seconds

« T=1/f

y ’ one cycle R
\/ \7LAmpIitude t

>

one cycle 000



Amplitude

= The displacement across y-
axis either up to maximum
positive or maximum

negative is called amplitude.

= For asinusoidal signal, if
amplitude Is A, then
mathematically, A is
multiplied with a sin
function of amplitude 1.

= f(x) =A=*sinx

A

10

F(x)

Amplitude




Angular Frequency |||I9t

= Also called angular velocity
= The angular displacement per second

= Measured either in degrees per second or
radians per second

= Total displacement in one rotation = 2m radians
= Time period = T seconds
= Then speed of rotating phasor is given

2T

Ww=—= 2nf radians per second

000
0000
0000
000
L X
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Phase |||I9t

= Phase Is defined as the fraction of
time by which any signal is shifted
on x-axis from origin. +A

= Phase gives the comparison of any
signal in the context of time with a

Asin (wot — @)

reference signal or origin. time (t)
= Something can be in phase with
reference or if out of phase, It can
be leading or lagging. _A
= When compared to origin, a signal
IS said to be with zero phase, +ve 000
phase or —ve phase respectively. 5533

L X
12 [



Problem |||I9t

= An alternating voltage is given by
= v =141.3sin 314t

= Find out

Frequency

Amplitude

Instantaneous value at t = 3 milliseconds

Time taken for the voltage to reach 100 V just after
Origin
First maxima



Solution

Given
v = 141.3sin 314t

= Frequency

w = 314 rad/sec
314

f=)2n =55; = 50 Hertz(Hz)

- Amplitude
From given data
1V, = 141.3 Volts

- Instant. value at t = 3ms can be
known after putting value of t in

the given equation
v = 141.3sin(314 = 3 * 1073)
v = 114.4 Volts

Miet

Time taken after origin to 100V

100 = 141.3 sin 314t
100

sin314t = ——=0.707714
141.3
b= sin™10.707714 _ 0.7853 radians
- 314 314 rad/sec
t = 2.5ms

Time taken after first maxima to
100V

100 = 141.3 sin(314t + 7/,)

100 = 141.3 cos 314t

100 0.7853 radians

1
141.3) " 314 rad/sec

t = —cos™1(
314

t =2.5ms
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Average Value

= Average or Mean of all
Instantaneous values over a time
period

= Represents actual DC content in
the signal

Vavg = _f v(t)d(t)

= For pure AC signals, V,,,; = 0, that

IS DC content in a pure AC wave IS
zero for a single time period.

= Area under the curve per unit base
length also gives the average value
for the curve

16

+V A

0

V1

Equal Mid Ordinates

V12

T

> >
= t
=
++— +Ve Half Sinewave (180°)



RMS Value gt

= The signal is squared before taking
mean of it to make every
instantaneous value positive (i.e. —ve
value to +ve) and a square root to
counter the square.

= RMS value is that DC equivalent
value of an AC quantity which
dissipates the same power in a
common resistance.

:"’—27t

>
= Represents the equivalent DC value, 6
hence also called effective DC value
1 0T .
" lLms = \/;fo i2(t)d(t)
000
1 2m -
] ITmS — baSe fO l (Q)d(g) ::‘

17 [



Form Factor "I|ut

= |t is defined as the ratio of RMS value to the average value.
= |t describes the shape of any waveform.
= It is expressed as,

_ Vrms
Kr = -
avg

Peak Factor

= It is defined as the ratio of maximum value to the RMS value.
= It gives an idea for the peak value per unit of RMS value.
= It is expressed as,

000

V. 0000

K, = -aX 0000
p Virms 000

L X
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Pure Sinusoidal Wave: Average

For a pure sinusoidal wave,
Function, v(wt) = V, sin wt

For the average of complete
cycle

= Base = 2m,
= Limits= 0 — 27
1 2
= Vipg = Efonv(a)t)d(a)t)

1 2w .
Vavg = Efo Vy sin wt d(wt)

19

gt

emf (V)
3 VO
T/4 12 3T/4 T t(s)
0 I I '
/2 m 3m/2 27 wt(rad)
_vo
000
0000
0000
000



Pure Sinusoidal Wave: Average .
cont... Mict

" Vapg = ;—;’Tfozn sin wt d(wt)

= As emf (V)
2T .

= [, sinwtd(wt) =

[— cos wt]d™= 0

= Vavg =0 /2 0 37/2 27 wt(rad)

000
0000
0000
000
o0
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Pure Sinusoidal Wave: Average .
cont... Mict

= For a pure sinusoidal wave,
= Function, v(wt) = V, sin wt emf (V)
= [or the average of half cycle Vo
= Base =,

« Limits= 00—
T/4 T2 3T/4 T t(s)

" Vavg _—f v(wt)d(wt) 72w\ 3m2  [om wt (rad)

" Vapg = ;fo Vo sin wt d(wt)

000
0000
0000
000
o0

21 o



Pure Sinusoidal Wave: Average .
cont... Mict

Vo (T .
" Vg = ?Ofo sin wt d(wt)
= AS emf (V)
« [Tsinwt d(wt) =
0
[— cos wt]5= 2
n Hence, T/.4 T/2 3T/4 T t(s)

2Vo /2 0 3m/2 2w wt(rad)

Vavg —

000
0000
0000
000
o0
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Pure Sinusoidal Wave: RMS

= For a pure sinusoidal wave,

= Function, v(wt) = V, sin wt

= For the RMS of complete cycle
= Base = 2m,

= Limits= 0—2nm

1 (2
* Vems = Jgnly vH(@t)d(wt)

= % 2™ sin2 (wt)d(wt)

/A
rms > J0

23

emf (V)
+ VO
T/4 12 3T/4 T t(s)
0 I I '
/2 m 37/2 27 wt(rad)
v,
000
0000
0000
000



Pure Sinusoidal Wave: RMS :
cont. fitt

e Vo = [ 27 sin2 (wt)d(wt)
rms 2m -0 emf (V)
n AS, +1Vo
2T,
: fonsmz (wt)d(wt) =
21T 1
fo 5(1 — cos 2wt)d(wt) o T4 \T2 3T4 T i)
. — 1 [a)t _ sin Za)t]2n — 11"/2 0 3frlr/2 27 ot(rad)
2 2 10—
= Hence,
14
V. —1¥Y0
* Vims = —
V2
000
0000
0000
000
o0
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Half Wave Rectifier: Average

Function,

_ Vo sin wt 0—m
v(wt) 0 {n o
Base = 2,

1
Vivg = Efonv(a)t)d(wt)
Vavg = i fon Vy sin wt d(wt)

fon sinwt d(wt) = [~ cos wt]T= 2

_ W

Vavg T

25




Half Wave Rectifier: RMS ['I|Et

= Function,
_ _ Vpsinwt 0—m
v(wt) 0 {n — 27
= Base = 2m, ‘!
VZ m . -
" Vims = i fo sin?(wt)d(wt) \ ,f/\ /
" fon- Sinz (Cl)t)d(a)t) = f n _'—.Jll 7‘-IL an _ }-'T
fon% (1 — cos2wt)d(wt)
_ %[wt __Sin Zwt]g _
V
Yy =2 13
0000
000
o0

26 [



Full Wave Rectifier: Average

= Function,
= v(wt) =Vysinwt{0—m
= Base =,

. avg__f v(wt)d(wt)

" Vg = ;fo Vo sin wt d(wt) W
T . n M I 1 o ?..1

-, sinwtd(wt) = [ cos wt]§= 2
2y

Vavg —

27



Full Wave Rectifier: RMS

= Function,
= v(wt) =Vysinwt{0—m
= Base =,

Vs (T .
" Vims = ?fo sin®(wt)d(wt)

. fon sin?(wt)d(wt) = AW\A}

1] 'Il.:

fon% (1 — cos 2wt)d(wt)

sin 2wt
lo=m
2

N |-

lwt —

NS

Vrms

28




Square Wave: Average

Function,

_|_V0 {O - T/Z
VW (T/2—-T

= Base =Time period=T,

. avg — _f v(t)d(t)

= Average for full cycle is zero.
= For half cycle,

Vavg = TV_/OZ [fOT/Z d(t)]
Vavg =V

= p(wt) =

29

v(t)

14

time

Ti2

3172

2T




Square Wave: RMS

= Function,

_|_V0 {O - T/Z
VW (T/2—-T
= Base =Time period=T,

= p(wt) =

" Voms = \/% fOT v4(t)d(t)

Vrms -

oy d@) + fy, d(D)]

* Vims = Vo

30

v(t)

time

Ti2

3172

2T




Sawtooth Wave: AVERAGE |||I9t

= Function for straight line is

y=mx+C
Where y is a function of x of v(t)
slope m. C is the point on y-axis Vv
where X is zero.
mzd—y, and hereC =0 . vees |
dx 1
= Hence, t
v T 0 T 2T 3T
v(t) = ~t for O-T
= Base =Time period=T, o
1T + Vavg = 131518
Vavg = Ffo v(t)d(t) avg 52 2
_ 1TV Vavg = Py
Vovg = 7ko 71400 22,
0000
000
o0

31 [



Triangular Wave:

" Vims = \/% fOT v2(t)d(t)

Vs = [T E 020

V2 t3
" Vims = ﬁ[?]g

|%4

rms \/§

RMS

32



Problem
voltage
30V -
| |
r !
0.1 02 03 04 05 06 07
= Find
Vavg
=V

rms
Form factor and Peak factor

33

time



Solution ﬂllﬂt

= Gjven - RMS value is given as
D (t) = {SOV, 0<t<0.1
=10,01 <x<023 Vs = \/ %4 302d(0) + [°2 0de]
- Average value is given as —
— 299 rq01 —
Veng = 2 frv DD Vims = |55 [£107= V300 = 17.32V
Vivg = = [0 30.dt + [ 0.dt] - Form factor
17.32
Vavg = %[ 131= 10001 =S e
Ving = 10Volts - Peak factor
K, = —— = 1.732
17.32
000
0000
0000
000
o0



= time

Problem
Avoltaqe
= Find
Vavg
V

rms

Form factor and Peak factor

35



Solution

= Given
T =4sec

For t = 0-2 sec, function is
given as

v(t) =mt+C
m=%=1o,andc=o

v (t) _{101:, 0<t<?2

- (—20,2<x<4

Average value is given as
Vivg = = [ v(@®)d(e)

= %[foz 10t(dt) + f24(—20)d(t)]

10 t? 20
Vavg = T[?](z)_j[t]g =5—-10
Vavg = —5Volts

Miet

RMS value is given as

Voms = 2 Iy vE(©(0)

\/i [, (106)2d(t) + [, (—20)2d(t)]

100 t3 400
Voms = 22 (134 20 1)
Vims = V266.66 = 16.32V
Form factor

16.32

Kr = == =3.26
5
Peak factor
K, = —— = 1.22
16.32 (X X )

0000
0000
000
(X



Problem “"m

current

= Find
Iavg
Irms

Form factor and Peak factor

000
0000
0000
000
o0

37 o



Solution

= Given

= T =D5sec

- i(t)=mt+C
= Here,

m=2=1andC =0

= Hence,

- i(t)=t0<t<5

- Average value Is given as
lavg = 7 Jy v(®)d(®)

Iovg == f tdt

1 t? 5
Iavg = E[?]O

lg,g = 2.5Volts

38

RMS value is given as

bems = I} v2(©0d(0)

boms = 024

Lrms = \/

Ims = V8.33 = 2.88V
Form factor

K; == = 1.152

Peak factor
— =1.733

Miet



Problem

10

voltage

AN

-10

= Find
Vavg
V

rms

Form factor and Peak factor




Solution ﬂllﬂt

- Average value for complete - RMS value is given as
cycle is zero, for half cycle is T
given as Vims = \/; fo v4(t)d(t)
v, =lf2v(t)d(t) 2 (T/2
wa =3 )y Voms = 217 0200
= Glven — . .
o _{ 106 0<t<1 = = \/Z [f, (108)2d(t) + [ (=10t + 20)2d(t)]
~-10t+20, 1<t<?2 = Vs =
Vavg = 100 3,1 1 t3
—[=]8+=[100= — 400t + 400]4
%[f0110tdt+f12(—10t+20)dt] 2 310t 311005 2
Vg = Vims = V33.33 = 5.773V
2 2
%[%](1)_*_%[_10%_*_ ZOt]% = Form factor
5.773
Vavg =5V Kf = T = 1.154
- Peak factor 00
10 1
P~ 5773 1.732 (XX

L X
40 [



Problem

voltage

= Find
Vavg
Vrms

Form factor and Peak factor

41



Solution ﬂllﬂt

= Gjven = RMS value is given as

T =2sec Vs = \/%f(;r v2(t)d(t)
v(t)_{SOt,O<t<1 _

— 50,1 <x<?2 \/1 150t2d(t 2 e 024(¢
Average value is given as 2 o (506)2d(6) + ] 50%d(6)]

1 T
Vasg = 7y 200 Vo = |22 1 E2 10
1 1 2
=~ [J, 50t(dt) + [ 50d(t)] V.. =V1664.64 = 40.8V
50 t2 50
Vavg = > [S18+ 20 [t]2 = 125 + - Form factor
25 Kp = 2= =1.088
Vang = 37.5V0IE Peak factor
K, = — = 1.225
40.8 000
0000
0000
000
o0
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Phasor Theory: Basics ""m

k_.———-.,..\ -
+A A=A sin(wt+0)

180° 240° 300° _ 360°
210° ; 270° : 33

___________________________________________________

---------------------------------------------

Rotating Phasor Sinusoidal waveform in the
time domain 000
0000
0000
000
o0

44 o



Rectangular Form ﬂllﬂ'[

| Imaginary
| Axis

a -+ bz

la + bi| = \/a? + b2
Real

AXis 000
- - - —7 0000
a 00000
0000
0000
45 000




Polar Form

Pla,b)=P(r,0)

O

46




Polar to Rectangular ﬂllﬂt

A phasor is given in polar
form r.6

In rectangular form (x, y) Is
given as

X =1rcosf

\J

y =rsinf

47 o



Rectangular to Polar ﬂllﬂt

¥ = A phasor is given in
A rectangular form (x, y)
P(‘*‘?f) =P(xY) . n polar form r40 is given
) g as
o y = 7= x2+y?
“‘I 6 = 9 = tan‘l(%)
S
G X
000
0000
0000
000

o0
48 [



Zero, Positive, Negative Phase ﬂllﬂ'[

t=10

In-phase (4 = 07) FPositive Phase (+4) Megative Phase (-4
+A,

m+4)

‘ﬂ"[li' = A sin(ot) :E"n[[;. = A Sin{ot+d) :‘51.[[:. = A sin(mt-¢)

000
0000
00000
0000
0000
49 000



Phase Difference |

Phase shift = 90 degrees
Ais ahead of B
(A “leads” B)

Phase shift = 90 degrees
B is ahead of A
(B “leads™ A)

A
Phase shift = 180 degrees
Shes St A and B waveforms are
mirror-images of each other
B

Phase shift = 0 degrees 000
----  Aand B waveforms are in 0000
: 0000
perfect step with each other 000
L X

50 [



Practice |||I9t

= et
R = 80Q
X = j6() § .

= Write polar and rectangular form for
this RL combination

= Rectangular form

7 =8+ j6Q
= Polar form ix
7 =10236.86
o000
0000
0000
000

o0
51 [



Practice

= Find the equivalent impedance
Z, =8+ j6=10,37°
Z,=6—j8 =104 —53°

= Now, total impedance is,

_ Z1Z, _ 104£37°%104-53°
- Z44+Z,  (8+j6)+(6—j8)

= 19990 _ 70712 — 8.1°0
14—j2

52

gt

8.N 16
A e
6 18N
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Problem |||I9t

= Draw the phasor diagram for the following voltages and find
the RMS value of the resultant voltage.
vy = 100sin 500t
v, = 200sin(500t + ™/3)
v3 = —50 cos 500t
v, = 150sin(500t —™/,)

000
0000
0000
000
o0

53 o



Solution mmt

= In phasor form all voltages are
given as A

v, = 100sin 500t = %40 V2
200

v, = 200sin(500t +7/3) = = 260

v3 = —50c0s 500t = 60° Vi
— 505in(90 — wt) = 50 sin(wt —90) =

50
751.—'90
150

v, = 150sin(500t —™/,) = N 45

45°

900

= Resultant voltage is given as V4
B =T+ U+ D5+ = Y Vs
100 200 50 150
3404‘34604‘\/—54—904‘%4—45
U =70.71 40+ 70.71 4+ j122.47 + 0 —

L . 0000
v=216.4212 +j12.1184 0000

v = 216.762,3.205° (XX
o0

v = 306.54 sin(500t + 3.205°) 54 o




gt

Lecture 11



Pure R Circuit ﬂllﬂt

= v =V,sinwt

i B
AVAVAVAY = 7 =R
v
| l —
R

Vo . .
E"sm wt = I, sin wt

E;}V= V, sinoot

000

0000

0000

000

o0
56 o
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Pure R Circuit: v —i Relationship L]

phasor
1 v
- - -

ZLOP=R+j0

57

v(t)

“im

o

L(t
+‘l.-’.—.( ) v
+I
0 | 180° 360°
-

e G [
waveform



Pure R Circuit: Power-Graphical
Approach

= From0—m

= V= tve

- [ = +ve

= p=vx*l=+ve
= Fromm — 2m

= V= —ve

= [ = —pe S -

= p=vVx*l=+ve

58




Pure R Circuit: Power-Mathematical mnt
Approach

= Power at any instant is given as

= p(wt) = v(wt) *i(wt)

= p(wt) =V, sinwt * I, sin wt = Vyly(sin wt)?
= p(wt) = Vyly(1 — cos2wt) /2

= Average Power is given as

" Pug = %fonp(wt)d(wt)

Volgp T
= Py = 2°—n°f0 (1 — cos 2wt) d(wt)

Vol .
R e ﬁ [wt — sin 2wt] § C E———
_ Wlo
" Payg = S

. Pavg — Vrmslrms
000
0000
0000
000
o0
59 ®



Pure R Circuit: Conclusions |||I9t

= /=R

= pandiare in same phase
= =0

= cosP =1

= Power transfer takes place always from source to load
(p = +ve, for all t)

= frequency(power) = 2frequency(voltage, current)

000
0000
0000
000
o0
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Pure L Circuit m'“

« NO = Li

d d .
o NEQ)_LEl

d . Y Y
-eL=LEl - -

) 1 1 :
l=zf€Ldt =ZfVm51na)tdt

I — % | —cos wt] = I,, sin(wt —7/,)

z=0+jX, = joL = wL290°

v =V, sinwt

000
0000
0000
000
o0
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Pure L Circult: v — i Relationship ﬂllﬂt

= |nductor current lags
Inductor voltage by 90
degrees

..... N ..‘
0000
0000
000
o0
62 [




Pure L Circuit: Power “"m

= FromO0—m/2

‘ voltage power
v = +tve
i = —ve vl
- and p
p=v*i=-—ve current
= Frommn/2—-m
v = +4ve
[ = +ve
p=vx*xi=+ve
= Fromm —3m/2 o o) i
vV = —ve I |
n/2 ™ | :
[ = +ve | :
p=v*i=—ve Im : E
= From3m/2 - 2m ,
vV = —ve | !
- : : 000
L=—ve ! ; 0000
p=v=*i=+ve :::‘
o0

63 [



Pure L Circuit: Power ﬂ"ﬂt

= Power at any instant is given as
= p(wt) = v(wt) *i(wt)

= p(wt) =V, sinwt * I, sin(wt — g) = 1,1, sin wt sin(wt — g)

. Volo .
= p(wt) =Vl sinwt cos wt = == sin 2wt

= Average Power is given as 4 oltage power
1 v, i

] Pavg — ; fO p(a)t)d(a)t) and p

= Py = I;O—gf: sin 2wt d(wt)
Volg (—cos 2wt

" Payg = zono[ > lo=0




Pure L Circuit: Conclusions |||I9t

= Z =jX;

il lags v by 90°

@ =90° (/2)

cosp =20

Power transfer takes place from source to load (p = +ve) for

half cycle, and from load to source (p = —ve) for next half
cycle of power

Pavg =0
frequency(p) = 2frequency(v,i)

000
0000
0000
000
o0
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Pure C Circult

= q:Cv
d d
A Anirrid
. ~d . d .
: l—Cdtv—Cdt(VOsmwt)

= [ = wCV,coswt

= | = wCV,sin(wt + g)

. Vo
IO—XC
" Xczl/(k)c

66

v =V, sinwt



Pure C Circuit mmt

= [ leads v by 90°
A
Im vii v
F—————— |
/2
0 \ -Vl—— o 1 2n ;Ot

000
0000
0000
000
o0
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Pure C Circult:

From 0 —m/2
v = +ve
I = +4ve

p=vx*xi=+ve
Fromrn/2 — &

v = +tve

[ = —ve

p=v=x*i=—ve
From w — 3m/2

v = —ve

[ = —ve

p=vx*xi=+ve
From 3 /2 — 2n

v = —ve
I = tve
p=v*i=—ve

Power

p,vandi

Voltage

Power

gt

Current

§2n

68




Pure C Circuit: Power ﬂ"ﬁt

= Power at any instant is given as
" p=UVxi

= p=V,sinwt * I sin(wt + g) = V1 sin wt sin(wt + g)

Voltage T

Current

. Volo _.
= p =Volysinwtcos wt =—=sin 2wt

= Average Power is given as I
1 0T |
" Bug = Ffo p(wt)d(wt) .

. Volo T . !
= Payg = J, sin2wt d(wt) ' | 1\
/2 Vm : '

Vol . =

—Cos 2wt
= Py = 0=0
avg 27T [ 2 ]O

000
0000
0000
000
(L4



Pure C Circuit: Conclusions |||I9t

= L =—jX.

[ leads v by 90°

@ =90° (/2)

cosp =20

Power transfer takes place from source to load (p = +ve) for

half cycle, and from load to source (p = —ve) for next half
cycle of power

Payg =0
f(p) =2f(v,1)

000
0000
0000
000
o0

70 o
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RL Circuit

= v =V,sinwt

72

v =V, sinwt

14



RL Circuit: v — i phasor mmt

m iR =:h,=:i
= [ IS inphase with vy
= [lagsv; by 90°

000
0000
0000
000
o0
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RL Circuit: Voltage Triangle

S =4 >
v VR VL

= 2 =vpit v, ?
» (iZ2)%= (iR)*+(iX,)?
- Z2=R*+X,*

74



RL Circuit: Impedance Triangle ﬂ"ﬂt

= Impedance of the Circuit
« Z=R+jX,

7 = \/RZ + X,

—1 XL
= tan”_ + —=
® = ta -

Current in the Circuit

%

i =v/(R+jX) =

ZLp
" i=—s—¢
= j(wt) = I, sin(wt — ¢) EE;:

o0
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RL Circuit: Power

" p=UVx [

= p = V,sinwt * I, sin(wt — @)

= p = IyV,[sin wt sin(wt — B)]

= p= M [cos @ — COS(Za)t — 0)]

= p= M @ — COS(Z(Ut — @)

n Pavg = —f p(wt)d(a)t)

gt

Power

Curr7

Voltage

= Py = —f” VOIO 0s @ — cos(Za)t — @)]d(wt)

76




RL Circuit: Power cont... “"m

o f cosCwt — @) d(wt) = f [cos 2wt cos @ + sin 2wt sin @]d(wt) = 0

" Py = f p(wt)d(wt) = —f VOIO cos @ d(wt) = c s@f d(wt)
- Pavg = V0210 cos @ Voltage

Power

Curr7

" Pavg = Vimslrms cOs @




RC Circuit gt

{
i
= v ="V,sinwt —= l\/\/\’ |
— \/p — \/—

s V o
v =V, sinwt
000
0000
0000
000
o0
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RC Circuit: v — i phasor

" p =i, =1
= [ IS inphase with vy

= [leads v, by 90°

79




RC Circuit: Voltage Triangle

RS =5 4 >
% VR VUc

= V2 = vpit vl
(iZ)%= (iR)*+(iX,)?
Z? =R* + X,

80




RC Circuit: Impedance Triangle ﬂ"ﬁt

= Impedance of the Circuit

« Z=R—jX,
7= \/RZ + X,° |
* 0 =tan"}(=9)
= Current in the Circuit
- . v
» i=v/(R—jXc) = Z2—0
=Y
= = Zqu
. . 000
= j(wt) = I, sin(wt + ¢) 3
000

o0
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RC Circuit: Power

| p::i]*i
= p=V,sinwt * I, sin(wt + @)
= p = Vyly[sin wt sin(wt + 0)]

gt

Voltage

Current

:

Power

n VOIO [cos(— @) — cos(2wt + O)] b éq’ Vin 0 i 2n

s p= VOZIO cos @ — VTCOS(Zwt + @)

n P vg f p(a)t)d((l)t) Pt

S f” Yolo Tocos(Za)t + 0)]d(wt)

— 0

000
0000
0000
000
o0
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RC Circuit: Power cont...

gt

o f cosQuwt + @) d(wt) = f [cos 2wt cos @ — sin 2wt sin @]d(wt) = 0

Vol
" Py = f p(wt)d(wt) = —f” 20 cosPd(wt) = cos@f d(wt)
Vol
[ Pavg = 020 COS @ Voltage
= Pavg = Vrmslrms COS @ p,vand i Current  power

/

83




RLC Circuit |||I9t

= v =1V,sinwt

. i = I, sin(wt + @) | % . T

S — o — . — I
m UZUR+UL+UC —VR P VL ) Vc ]
= Impedance of the Circuit
" ZVZVR'+j(Xl‘ﬂXC) = v —
= Current in the Circuit
= i =v/(R+j(X,—Xc)) —)—

= p=UVx*l
" Powg = Vimslrms cos @

000
0000
0000
000
o0
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RLC Circult: v — i phasor

d)m

liRziinczi 7 g
= [ IS inphase with vy
= [ leads v, by 90° > g

B

S

= [lagsv; by 90°

Sm,_

n
<

85

(907)

/-"' "‘--\\L:]_ leads Eg
|

180°| | > En

\ f ©°)
Nl

4" E~lags Eg

907



RLC Circuit: Voltage Triangle
R |

= V=Vp+7V, + 7V,

v? = vp’+ (v,—vc)?
(iZ)?= (IR)*+(i(X,—X.))? vi-v.
Z? = R* + (X, —X.)*

—1 (vp—v¢) 0
VR

@ = tan

vl
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RLC Circuit ﬂ"ﬁt

= Case 1- X; > X, Circuit behaves as RL circuit
= Case 2- X; < X, Circuit behaves as RC circuit
= Case 3- X; = X, Circuit behaves as pure R circuit

VLY

I "l..-'rR v
Resistance Capacitance Inductance
000
0000
I, 0000
o000

o0
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Types of Power mmt

= Total/Apparent/Gross power
The total power sent from the source end is called apparent power,
and is denoted by S. It’s unit of measurement is Volt-Amp (VA).

= Active/Real/Average/Net power

The fraction of total power which is received/utilized/dissipated by
load is called active power.

It is denoted by P, and it’s unit of measurement is Watts (W).
This power is responsible for the actual work done.

= Reactive/lmaginary power

That fraction of total power which gets bounced back from the load
end towards source end.

Denoted by Q, and it’s unit of measurement is Volt-Amp-reactive geee

(VAY) se5s

L X
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Types of Power ﬂllﬂ'[

" P =Vips * Lrps cos O
* Q= Vi * s Sin @
= S=P+jQ = Vins * Lrms

POWER TRIANGLE

-

o>
) 7~ IO
=
®
f"_.)
(@
.
<
()
S
> 000
> 0000
e 0000
000

P (ActivesPower) 4



Problem |||I9t

= In aseries circuit voltage and current are given as
v = 283 sin 314t
[ = 4sin(314t — 45)
= Find
Impedance
Circuit parameters
Power factor and power
Phasor diagram




Solution

= Impedance

, =V _ Vm _ 28320

= = = 70.752450Q
I I, 44-45
z = 50.02 4+ j50.020Q

= Circuit parameters

Impedance in rectangular form is
given as

Z =R+ jX,
Hence,
R = 50.020

X, = 50.02Q = wl

L =22 = 0.1593Henry
314

gt

= Power factor
cos ¢ = cos45 = 0.7071 (lag)

= Power
— =566VA

S R
P = Vprpslyms cos @ = 400.22W

Q = Vpolrms Sin @ = 400.22VAR

_ 283 4

I/T"I’I’LS I rms

000
0000
0000
000
L X
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Problem |||I9t

= Glven
v = 200sin 377t
[ = 8sin(377t — 30)

= Find
Impedance
Circuit parameters
Power factor and power
Phasor diagram




Solution mmt

= |Impedance = Power factor
7 = 14 — Vm — 20020 — 25,300, = COS¢ = cos 30 = 0.866 (Iag)
I I, 8s-30 . Power
z = 21.65 + j12.5Q
.. _ _ 2008
= Circuit parameters * S = Vemslrms = 57 77 = 800VA
Impedance in rectangular form is « P =V nolpms cOS P = 692.82W
given as = Q = Vimslms Sing = 400VAR
Z = R +]XL
Hence,
R = 21.65Q
X, =12.50 = wl
12.5
L === = 0.0331Henry -
0000
000
o0
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Problem |||I9t

= A non-inductive resistance of 10Q is connected in series with
an inductive coil across 200V, 50Hz supply. The current
drawn by the series combination is 10A. The resistance of the
coil 1s 2 Q. Determine:
Inductance of the coill

Power factor
Voltage across the coil
10Q  2Q X, 0
— VW ANN Y Y Y

L
220V 50Hz B |
( X

94 [



Solution "I|ut

Total impedance of the circuit = Voltage across coil is

Z=R+71)+jX, =12+ X = Veoit = 1Zcoir
: : Veoir = 10 ¥ 16.12 = 161.245V
= Impedance is also given as
7=2=222-200=./R?+ X2
I 10

Inductance of the coil is given as
X, =256 = 160

L =25 —=0.0509H
314

Power factor

R+r 12
cos¢ = TT == 0.6(lag)
000
0000
0000
000
o0



Problem ﬂ"ﬂt

= Given
R =10Q
L=1/3H
C =1/6F
v = 200 sin 3t
= Find,
Z
I
cos @
VRV Ve
PQ:S YY)
c00s
XX

o0
96 [



Solution mmt

v =22,0, w = 3rad/sec = Power factor

\/_
cos ¢ = cos5.71 = 0.99(lead)

XL=a)L=3*§=1Q
L = Voltages across elements
Xe=oc =3 =2l . Vg =14.08 + 10 = 140.8V
= Impedance -V, =14.08 1 = 14.08V
Z=R+jX,—X;)=10—j - Ve =14.08+2 = 28.16V
Z =10.042 - 5.71 = Power
= Current S=V L = zﬁ’ x14.08 =
200 1991.21VA
=Y - __ 2 P=V,.l..cosd =1981.33W
Z  10.042-5.71 Q = Vool Sin ¢ = 1981.1VAR
0000
0000
000
o0
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Problem |||I9t

= A 120V 60W lamp is to be operated on 220V 50 Hz supply
mains. In order that lamp should operate on correct voltage
rating, calculate the value of

60w
Non-inductive resistance %N X Q
Pure inductance !
60w
120V RO
@ —— 220V50Hz —
AN\ VR
| R
< 220V 50Hz ——
Vsupply 00 ‘
0000
v Ve 0000
o000

o0
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Solution

= Lamp is pure resistive

= Current drawn by lamp at

rated values Is

[=2=2% _05A
V 120

= Letapure resistance of
value R Is added in series
for proper voltage
distribution, then
Vsupply = Vlamp + Vg

Ve =220 —-120 = 100V

R=2=2_2000
I 0.5

99

Miet

If a pure inductor is added
for proper voltage
distribution then voltage
across the coil is

Vsupply = Vlamp + Veoil
Veoip = V2202 — 1202 =

184.39V
Veoil  184.39

Xcoil = Toill — 05 —

368.78V

[ = 38878 _ 1 1738H

21T*50 0o0

0000
0000
000



Problem ""Et

= A metal filament lamp rated at 750W 100V, is to be connected
In series with a capacitor, across a 230V 50Hz supply.
Calculate the value of capacitance required.

750W X0 VR
100V,

@ II >

< 220V 50Hz ————>

Vsupply

000

0000

0000

000

o0
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Solution "I|ut

= Lamp is purely resistive

= Current at rated supply is

[=2=22=175A
|74 100

= Now, the voltage across required capacitor will be

Vsupply = Vlamp + Vcapacitor
Veapacitor = V2302 — 1002 = 207.1231V

Vceapacitor _ 207.1231

Xcapacitor =7 ) = 27.6164V
Ca'pClCltOT
1

C= 2mx50%27.6164 115.261uF
00
0000
0000
00
o0
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Lecture 14



Resonance |||I9t

= Definition

When the natural frequency of any system gets matched with the
frequency of driving force, the system responds with maximum
amplitude, this condition is known as resonance.

When the frequency of any electrical network or circuit gets matched
with the supply frequency, the electrical circuit starts resonating with
maximum amplitude at that particular frequency. This condition is
known as resonance.

000

0000

0000

000

L X
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Resonance: Series RLC Circuit ﬂllﬂ'[

= AtX, = X,

= Circuit behaves as pure R circuit
= Current maximum

= Impedance minimum

| —
®=0 v b
= cos@P =1 1
- - 74
Z=R =X
T v
VC Xc
o000
0000
0000
o000
o0
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Resonance:

= At
f=1
- X, =Xc
. 2nfl = —

2 f;-C

© fr= 2TV(LC)

Resonant frequency

A
m R small

I 4"/
= I
E Ko = XL | A= Ko
= |
= [
=T | )
= | R medium
z
3

R high

0 I .y

Jr Fregquency, f

105



Resonance: Resonance Curve ﬂ"ﬂt

= Trace of current as a
function of frequency

= At
f = f,, pure R circuit
f > fr, RL circuit
f < f+ RC circuit

Current Amplitude

Tt Fregquency. f

106 [
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Lecture 15



Resonance: Bandwidth ﬂ"ﬁt

= Frequency range between
half power frequencies /4

(f f ) 1s defined as
bandwidth of resonance

curve and Is given as W
Bandwidth = (f, — f,) Hz )
- Atf s
Current maximum-I E 5 F Tk
Power transfer maximum-P Bandwidth of a Series Resonant Gircuit
= Atff,
Power half-P/2 000
Current-1/+/2 444
1t

108 [



Prove fy = \/fife Miet

At half power frequencies

n [ = Im — 4
V2 V2R
= Generalized equation for current is given as,
%
s [ =

2 _12
\/R +(wL a)C)

Equating both

. vV . vV
V2R [, 1 .,
R +((1)L—R)
o000
0000
0000
000

L X
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fo =/ fifo: cont... ﬂ"ﬂt

2 _ p2 _ 1y
2R? = R? + (0L — =)

_ 12—
(0L —Ly2=
wlL —— = +R
wC
1
w L ——— = —R
(l)lc
sz—m= +R
((1)1 +(U2)L ( ) =0
(4)1+(1)2
(w, + wy)L = (wlwz )
wqW- —E
Wy = lewz
fr =\fifa cooe
0000
000

L X
110 [



Bandwidth Derivation mmt

= Given
wL — ﬁ = 4R, from previous slide
= Casel
wL —— =R
wC
w?LC-1 _
wC -

w?LC —wCR—1=0
By Shreedharacharya formula

+CR+VC2R2+4LC R R2 R
w = = —+ ———+-—==——j:wr
2LC 2L — \] 412 2L
= Case 2 cee
0000
_____+ 0000
w 2L — Wr 000
o0
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Bandwidth Derivation cont... ﬂ"ﬁt

= @ can’t be negative, hence roots are,

. R

R
u (1)2:(UT+Z
= And,
R
~ h=f—7
R
- fa=ht
= Also,

R
2 Aa)=a)2—a)1=z

R
A =fmfi=gg T
H
o0
112 o



Resonance: Quality Factor |||I9t

= Shows the quality of I () o
resonance curve 14 L W
= Defined as the oL z
magnification ratio of ol !
voltage across L or C to |
the supply voltage 8T
= Quality factor, 06 1
u Q:—VLOTVC: {m&
Vsupply 02 |
i(XporXc) XporXc ®, =107 rad/s
iR B R B ; 10 II1 1|2
l\/é @  (10%adss) 000
R'C 1
000
[ X
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Lecture 16 & 17



Resonance: Parallel RLC Circuit

. XL = XC OTYL = YC
= RLC Circuit behaves as I, R

R circuit i
= Current minimum . C
= Impedance maximum 1§, . |
< V

115



Parallel Resonance: cont... ﬂllﬂ'[

= Impedance maximum
= Current minimum
I Ly
l i
A
B il ; Ry S ——— ———————
.5 | niductie citive
Ko X o
== Chynamic
impadance
i
( Ir) Frequency. f ? Frequency. f
Farallel Hasonance Parallel Besonance :::.
0000
000
o0
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Parallel Resonance: Resonant mgt
Frequency |

I =1;sin@®
vV vV X
Xc Z. Zji

= Where, Z; Is the impedance of the coil and is given by,

Z, = R? + X}
- X X, =127,° A
w_L — RZ + (,l)sz
wC
L I cos®

2 v
_ |1 R I, sin® (YY)
W= c” =z 0000
0000

000
o0
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Parallel Resonance: Resonant lllﬂt
Frequency cont... |

= Thus, if resistance is neglected, then the resonant frequency of
parallel circuit is equal to the resonant frequency of series
circuit. Also, at resonance the net susceptance Is zero.

= Hence net reactive component of current is zero and the supply
current is given by only active component as

V R VR VR %
=1, cosP=——=—= = 00
Z 7] Zi L/C L/CR 0000
0000
000

L X
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Parallel Resonance: Resonant lllﬂt
Frequency cont... |

= Hence, at parallel resonance the net impedance is given by
Zp = L/CR
= And is known as dynamic impedance of the parallel circuit at
resonance.

= The nature of this impedance is resistive only.

119 [



Parallel Resonance: Quality .
Factor |||I9t

Shows the quality of resonance curve

Defined as the magnification ratio of current flowing through
L or C to the supply current

Quality factor,

I V/Z yA L/RC 1 /L
. Q= L _V/zZzy Zp L/ V.

Isupply V/Zp Z], v L/C R C

000

0000

0000

000
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Problem mmt

= A series RLC circuit has R=10Q, L=0.1H, C=8uF. Determine,

Resonant frequency
Q-factor of the circuit
The half power frequency

000

0000

0000

000

o0
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Solution |||I9t

= Resonant frequency

1 1
fr = 2mV(LC)  2mV0.1+8+10-6

= Q-factor

1 |[L 1 0.1
Q= E\E = To\J5roms = 1118

= Half power frequency
fi = fr — 7= =177.94 — 7.95 = 169.99Hz

= 177.94Hz

fo = fp +——=177.94 + 7.95 = 185.89Hz

000

0000

0000

000

o0
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Power Factor |||I9t

= Definition
- The factor of real power to the total or apparent power is called power
factor.
- pf =cosp = RealPower ~_ R _ VR _ RealFactor

ApparentPower zZ Vsupply "~ TotalFactor

- The fraction of utilized power by load to the total power sent by source
Is called power factor.

000

0000

0000

000
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Disadvantages of Low Power .
Factor |||I9t

= Large generators and transformers are required to deliver the
same load at low power factor.

= More conductor material is required in transmission lines due
to large current.

= Copper losses are more at low pf.

= Low lagging pf leads to large voltage drop in transformers,
generators and transmission lines, which results poor
regulation.

000

0000

0000

000

L X
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Causes of Low Power Factor |||I9t

= All ac motors and transformers operate at low pf. Pf decreases
with decrease in load.

= Industrial heating furnaces like arc and induction furnaces
operate at low lagging pf.

000

0000

0000

000

o0
126 [



gt

Lecture 19 & 20



A

Three Phase System

= Balanced / \

= Unbalanced

Phase 1 Phase 2 Phase 3

0 9[0" 1é0° 0°

000
0000
S < 0000
120° 120° c 000
o0
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Three Phase vs Single Phase "I|ut

= The rating of a machine increases with increase in number of
phases.

= Power factor of a single-phase motor is lower than that of a
three-phase motor of same rating.

= Three phase motor has more output (>1.5 times) than single
phase motor.

= Three phase system is more reliable and capable than single
phase system

= Three phase system have higher efficiency compared to single
phase system.
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Important Terminologies |||I9t

Line Voltage
Voltage difference between any two phases.

Phase Voltage
Voltage across any one phase of load.

Line Current
Current flowing through line between source and load

Phase Current
Current flowing through any one phase of load.

000

0000

0000

000

o0
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— 'I'ﬁ
]bne =v3l

¢ Phase A
\A Vohase Vljne - p}’hase
l Phase B
>
’Phase &

I Line. — IPha:e Phase A

J A/
I Phase

Phase B

Phase C

131
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Three Phase System: Star MIQ'[

Line 1 VRA

Since IR = Iy = IB = IplL ‘/ i v ‘/r I _ I _ Vph

“herefi = ~ L= lph =7 —

Therefore Iy, =1, RY R Y p th

Line current = Phase current 000
0000
00000
0000
0000
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Three Phase System: Star cont... ﬂ"ﬂt

= |Veyl = VIVRI? + [Vy|? + 2|Vg[Vy| cos 60
= Angle between V and V. is 60 degrees

= |Vyl = \/szh + V3, + 2V, cos 60

= |Vryl = /3Vp2h

. VL=V§Wm
= Line voltage = v/3 phase voltage

000

0000

0000

000
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Three Phase System: Delta

R

v 1]

Ver
5 fmfmm,«-—lr [

—Vyg v#ﬁ

= Vey =W =Ver =V, = Vph
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Three Phase System: Delta
cont...

= |l =V gy|? + |yl + 2|Iz||Yy| cos 60
= Angle between I; and I, is 60 degrees

= |IRY| = \/I[%h + I;h + le%h cos 60

= gyl = /31511

= = \/glph
= Line current = v/3 phase current

135




Three Phase System: Power (star| gme
and delta) ﬂ"ﬂt

* Piotar = \/§VLIL cosp W
s Qiorq = V3V, I, sin @ VAR
" Stotal = ‘/§VLIL VA

000

0000

0000

000
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Problem "I|ut

= A three-phase voltage source has a phase voltage of 120V and
supplies a star connected load having impedance of 36+j48Q
per phase. Calculate
Line voltage
Line current
Power factor
Total three phase power supplied to load.

000

0000

0000

000
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Solution |||I9t

= Line voltage
V. = V3V, = V3 %120
V, = 207.8V

LIne current

Power factor

36
cos @ = P 0.6

Three phase power

P =3V, I, cos 30 = 432W
o000
0000
0000
000
o0
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Problem "I|ut

= A star connected load has a three phase resistance of 8Q2 and
an inductive reactance of 6Q in each phase. It is fed from a
400V balanced three phase supply.

= Determine
Line current
Power factor
Active and reactive power

000

0000

0000

000
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Solution |||I9t

Vizzvgvbh
Vpn = 2% = 230.94V

Zpn = V62 + 82 = 100
= Line current

= Power factor

8
cos®—1—0—0.8

= Three phase power

P = /3 %400 * 23.09 * c0s 36.86 = 12.8KW coo
0000

Q= /3 * 400 * 23.09 * sin 36.86 = 9.6KVAR 33
o0
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