AC Fundamental 1

UNIT 2
AC FUNDAMENTAL

2.1 ACFUNDAMENTAL
A voltage of current is called alternating if it change periodically in direction and contintieusly

change magnitude.

Waveform: The graph of the voltage or current when plotted against time is called th
Cycle: When an alternating wave goes through one complete set of positive a
called one cycle

Time period: Time taken to complete one cycle is called time period. |
sec.

Frequency: The number of cycle completed in one second is calle
and unit is Hz.

Angular velocity or frequency:

w = 2nf =

Symmetrical waveform: An alternating Waveformgis ca symmetrical if the area of positive and
negative part is equal. The waveform shawn in V&sy

etrical.

Unsymm

neiative partis une

N\t
QE/\ N N

Fig. 2.2
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2.2 DIFFERENT TYPES OF WAVEFORM

2.2.1 Sinusoidal waveform: The sinusoidal waveform is shown in fig. 2.3.
The waveform is symmetrical.
The one cycle of the waveform is 0 to 2m.

The equation represent the sinusoidal

waveform for one cycle is,

v=Vy sin0 When0< 06 < 21
2.2.2 Half wave rectifier waveform: The half wave rectifier wa wn in fig. 2.4.
The waveform is unsymmetrical. {
The one cycle of the waveform is 0 to 2m. v %

The equation represent the half wave rectifier ’ /_\ /—\
waveform for one cycle is, T

v=Vy, sin@ Whe

Fig. 2.4

ave rectifier waveform is shown in fig. 2.5.

n
T I T
8= wt

Fig. 2.5
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2.2.4 Square waveform: The square waveform is shown in fig. 2.6.

The waveform is symmetrical.
The one cycle of the waveform is 0 to 2m. ! I Vi
The equation represent the square waveform 0 n n In
for one cycleiis, eVl ____ —
T I 6= wt
v=Vp, When0<0<m
= -V, Whennt <0< 2r
2.2.5 Triangular waveform: The triangular waveform is shown in fig. 2.7.
&
The waveform is symmetrical.
The one cycle of the waveform is 0 to 2m.
W Vm -— =
The equation represent the sinusoidal
waveform for one cycle is, ‘
0
n n
y= Zm When0< 0 < m/2
—_—
o ’ v 6= wt
v Vb _
v=—2: + 2V, Whenm/2<0<m " T |
_2Vmb

v = e+2Vm When it <

s

2V, 0
V= :‘ — 4V,

m

In AC syste e and current change continuously so the problem is how to
specify t

different

or current. An alternating voltage or current can be expressed by

ple 2.1 An alternating current is given by i = 40 sin 600t. Find (1) Frequency (2) Time period (3)

um value (4) The time taken for the current to reach 20 Amp. (5) Find the value of current when
time is 0.5 msec.

Solution: The given eq. of currentis i = 40sin 600t
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By compare the given eq. by the standard eq.i = I, sinwt, [, =40Amp. = 600 Radian

(1) Frequency (f): We know w = 2nf

9 . Z ns.
1 1

(3) Maximum vaOlue (I,,,): We know

[, = 40 Amp. Ans.

Solve the eq. in radian

idal currentis i = I, sin wt

w = 21nf = 2t X 60 = 377 radian
i= 50 sin377t Ans.

) Tim riod (T): We know

1 1
T=-=—=0.0167 = 16.7 Ans.
FT 80 0.016 6.7 mSec Ans
(3) Angular frequency (w): w = 377 radian Ans.

(4) The time taken for the current to reach 10 Amp.: Given i = 10 Amp.
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10 = 50sin 377t
= 1,10
~ 377" 50
Solve the eq. in radian

t =5.34 x 10™* = 0.534 mSec Ans.
(5) Find the value of current when time is 1/250 sec: Given t = 1/250 sec.

(= 40si (377)
i =40sin 550
Solve the eq. in radian

i = 39.92 Amp Ans.

2.3.3 Average Value: The average value of AC is equal to that value of ich s e charge in
same time in a circuit which is transfer by AC. It is denoted by V,

Average value =

For symmetrical wave area of one cycle is always zero.

For symmetrical wave

A | _ Areaof half c B :/Z(Vori)de
verage value = =~ Talfc = /2

Where v or i is the equation of AC fro is the time period.

For Unsymmetrical wave

lue — Area of full cycle fOT(V ori)d6
SV = Base of full cycle T

’ T .
vori)“do
RMS value = fo(%

e voriisthe equation of AC from 0 to T, T is the time period.

Note: For symmetrical wave the RMS value for half cycle and full cycle will be same.
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2.4 FORM FACTOR AND PEAK FACTOR

2.4.1 Form Factor: It is the ratio of RMS value to Average value.

RMS value

Form Factor(FF) = Average value

2.4.2 Peak Factor: It is the ratio of Maximum value to RMS value.

Maximum value

Peak Factor(PF) = —prre——

Example 2.3 Find the Average value, RMS value, Form Factor and Peak Factor inusoidal wa

Solution: The sinusoidal wave form is shown in fig. 2.8. \
VN

The waveform is symmetrical.

21

The one cycle of the waveform is 0 to 2m, T = ‘ v IV

The equation represent the sinusoid 0 “&_/ an
waveform for one cycle is, Vo b — —
’ T | 8= wt
v = Vj sin®8 When0<0<
Fig. 2.8
(1) Average Value: For symmetrical wa
T m
A Areaofhalfcycle  [Zvd® [ Vi sin8dB V(- cosB)F
ver = = = —

_ Base ofhalfcycle T U T
2

—cosm+ cosO V(141 2V,
m ) _ Vi ) _ nm=0-637Vm

i i
A e valug,= 63.7% of V,, Ans.
The rage sinusoidal wave is 63.7% of maximum value.

T 2T 2T

B V,%,fzﬂu—cosze)de_ V§1<e sinze)z“
—J2n ), 2 ~J4n 2/

V2 sin4m sin0 Va2 (2T V2 VvV
=j_m<2n_ —0+ )= \/ m(Z0) _ Vi _ — = 0.707Vp,
4m V2

RMS value = j Jo v?do _ Jfozn(Vm sin6)2de JV&, JZ" sin26de

2 2 4T 2
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RMS VALUE = 70.7 % of V,;, Ans.
The RMS value of sinusoidal wave is 70.7% of maximum value.

(3)Form Factor:

RMS value 0.707V,
= = 1.11 Ans.

F F FF) = -
orm Factor(FF) Average value 0.637V,,

(4) Peak Factor: N
Peak Factor(PF) Maximum value Vin 1414 A
= = =1. ns!
cak ractor RMSvalue _ 0.707V,,
Example 2.4: Find the Average value, RMS value, Form Factor and Peak Factor W rect .

r
Solution: The Half wave rectifier waveform is shown in fig. 2.9. = \
The waveform is unsymmetrical.
The one cycle of the waveform is 0 to 2m, T = ‘ vy
2m. /—\
The equation represent the half wave rectifj 0 n 2n In
waveform for one cycle is,
p T s w
v=Vp, sin0O When0< 0 <
—0 When Fig. 2.9

(1) Average Value: For unsymmetrical

vde  ['Vi, sin8dB+ [770d8 V(- cos®)F
2 2T - 2T
n(1+1) 2V, Vi

= =—=10.318V,
21 T m

0

[y v2de + [T v2de _ J [y (Vim 5in©)2d8 + [" 0d6 _ jv,%, J7 sin?6de

2T 2T 2T

B V,%f“(l—cosze)de_ V2 (6 sinze)"_ VI%( sin 2m 0+sin0)
= |2n), 2 - an 2 )y Jan\" T T2 2
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/Vr%(ﬂ) Vi Vi
RMS value = = = T = 7 = O.SVm

RMS value = 50% of V,,, Ans.
The RMS value of half wave rectifier is 50% of maximum value.

(3) Form Factor:
RMS value 0.5V,

Average value ~ 0318 Vin

Form Factor(FF) =

(4) Peak Factor:

Maximum value

Peak Factor(PF) = RMS value

Example 2.5: Find the Average value, RMS value, Form Factor a

Solution: The square waveform is shown in fig. 2.10. k

The waveform is symmetrical.

The one cycle of the waveform is 0 to 2m, A=

i) T 2n 3n
The equation represent the squa T R
for one cycle is, T I 0= wt
v= Vg,
Fig. 2.10

3 _ [ ydo _Jovd® _JyVmd®  Viy(8)F _ V(- 0)
Base of half cycle T/2 T T T T

age value =V, Ans.
The a value of square wave is equal to maximum value.

[y v2de J Jyv2de + [Zv2de j [ (V)?d6 + 27 (—Vi)2d6

RMSValue=\/ T o o

_VARI@F + 07 VAl -0)+@Cr-m]  [Vi[n+m]
B 2m B 2m B 2m
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V2 (21
RMS Value = / m4(n ) _ /v,%1 = Vp

RMS value = V,,, Ans.
The RMS value of square wave is equal to maximum value.

(3) Form Factor:

RMS value Vi
Form Factor(FF) = m = V_ = 1Ans.
m

(4) Peak Factor:

Maximum value V,

Peak Factor(PF) = MG valie — — V. Ans.
m

Example 2.6: Find the Average value, RMS value, Form Factor 3 e wave.
Solution: The triangular waveform is shown in fig. 2.11.
The waveform is symmetrical. This waveform is
also symmetrical between 0 to . So we can find
the average and RMS value between 0 to 1t/ v I Vi [T77
The equation represents the triangular ’ o > - -
waveform from 0 to /2
_
S I B= wt
V= ZVmf When 0 - T |
Tt |

rage value = 50% of V;,, Ans.
The av e value of triangular wave is 50 % of maximum value.

n T2V, 0\2 , T
2y2d0 2 (=—2=) de 8V2 (202 d0
RMS value = fo — = 0 ( 1% ) = mf°3 -
— — TU
2

2

RMS e:
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,8V§, 3 fv,%, v,
RMS value = ﬁ(?) = ? = ﬁ = 05773Vm

RMS value = 57.73% of V,,, Ans.
The RMS value of triangular wave is 57.73 % of maximum value.

(3) Form Factor:
RMSvalue  0.5773Vp,

Form Factor(FF) = Average value 05 V., = 1.15 Ans.
(4) Peak Factor:
Peak Factor(PF) = Maximum value = Vm 1.37 Ams.
RMS value 0.5773V,
2.4 PHASOR DIARGAM
Concept of phasor: The representation of alternating quantity b e inite length rotating in

anticlockwise direction with angle is called the phasor.

particular point at the different

v = V,sin0

(2.1)
i=1I,sin@
- (2.2)
i
2n i v
—_—
0= wt

Fig.2.12 (a) Fig. 2.12 (b)
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Case 2(lagging): When current is passing through a point after voltage is passing then it is called
current is lagging from voltage. It can be represented by eq. (2.3) and (2.4). The waveform and
phasor diagram of this condition is shown in fig. 2.13 (a) and 2.13 (b) respectively.

v = V,sin0

i= I, sin(6 — 0)

Fig.2.13 (a)

\ " Fig. 2.13 (b)

Itage is passing then it is called
eg. (2.5) and (2.6). The waveform and
.14 (b) respectively.

Case 3(leading): When current is passin
current is leading from voltage. It can
phasor diagram of this condition is show

...(2.5)

....(2.6)

LA

E“-’-‘.
m —_
O\
=
Y

¥ Fig.2.14 (a) Fig. 2.14 (b)

2.5 ITION OF PHASOR QUANTITY

The phasor quantity can be added using component method. Steps for component method are
) Draw the phasor diagram showing all the alternating quantity

(2) Resolve all the quantity along X and Y axis.

(3) Find the total X component and Y component

(4) Maximum value of resultant (V;,) = /(X component)2 + (Y component) 2
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Y component)
X component

(5) Phase angle of resultant (8) = tan™?! (

(6) The resultant can be written as v, = Vy, sin(wt + 0)
Example 2.7 Find the resultant of the alternating quantities,
v; = 100sin(wt) v, = 50sin(wt — 60°)
Solution: The phasor diagram for maximum value of v4 and v, is shown in fig. 2.15.
X xomponent = 100 cos 0° + 50 cos 60° =

>
125 60 100
Y xomponent = 100 sin 0° — 50 sin 60° =

—43.3

0 = tan-1 (Y component)
=tan~ " |o0——
X component

100 -

Fig. 2.16

Vi = +/ (X component)? + (Y component) 2 = ,/(132.68)2 + (—80.18)2 = 155
Y componenty ~ _, (—80.18

X component) - (132.68)

vy = Vsin(wt+ 0) = 155sin(wt — 31.14°) Ans.

6= tan_1< = —31.14°



