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Generation of A.C Voltage

If coil rotate in magnetic field or magnetic field rotate inside the coil there is an
alternating e. m. f. generate in the coil. The generated emf is proportional to the
number of turns of coil, magnetic field strength, and the angle between the coil and
magnetic field.

e = BLvsin @
From this:
L = Length of the conductor.
v = Velocity of conductor.
B = Flux density.
0 = angle between field to conductor.
e = generated AC emf

The generated AC emf value is depending upon the sine value of the angle between the

magnetic field and conductor.

Rotation

(a) 0° Position: Coil sides move (b) 'f-}{}“ Position: Coil end A is p-:rs-;_itive
with respect to B. Current direction

parallel to flux lines. Since no flux is is out of slip ring A.

being cut, induced voltage is zero.
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(c) 1807 Position: Coil again cutting
no flux. Induced voltage is zero.

Coil Position

Generator Voltage

Sinusoidal Alternating waveforms

Waveform : the path traced by aquantity such as the voltage in figure (1)

>

S, < ERN R N
=]
]
%
SA -

(=]

Coil Position

Generator Voltage

Cycle:

An alternating current complete set of one positive half cycle and one negative half

cycle is called one cycle.
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Time period:

The time taken by an alternating quantity to complete one cycle is called time period. It
Is denoted by the letter " T"".

Frequency:

The number of cycle per second is called the frequency of the alternating quantity. The
unit is hertz (Hz).

N =

Instantaneous value:
The alternating quantity changes at every time.

v=V e Sinwt or i=I,,,sinwt
Maximum value:

The maximum value positive or negative of an alternating quantity is known as its

maximum value. Denoted by " Imax Or Vimax"".
Effective value and RMS value:

The effective value of an alternating current is given by that DC current which when
flowing through a given circuit for a given time produces the same heat as produced by
the alternating current when flowing through the same circuit for the same time also is

called root mean square value RMS. The voltmeter and ammeter are read the effective

value only.
RMS value = me Ymax_0 707V
vaitue = Z or 2 —V. max
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EFFECTIVE (rms) VALUES

oy |

Lr' ' [ \ \\ (7 e ™ Ler = 07071,
. Swikh?2 . Swixch |

R

? I= VL= 14141,

ll
¢ & gencrator IT & source

Eqr = 0.707E,,

Average value:

The average value is calculated by the averages of the maximum value of alternating

guantity at different instances.

21 max 2 Vmax
or
T T

Average value =

Example 1:find the period of aperiodic waveform with afrequency of 60 Hz

Solution

|

— = — = VY Yy
FoT . Lor Y VAV
Example2:determine the afrequency of the waveform of figure

Solution

From the figure T=( 25ms — 5ms )=20ms

\ \
O 7 NI

FiG.
Exasmple
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The sine wave

s
Radian = (180°

) X (degree)

o

180 ,
Degree = ( p- ) X (Radian)

The velocity with witch the raduis vector rotates about the center called the angular

velocity , can be determined from the following equation :

distance (degree or radian)
time (second)

Angular velocity (w) =

Example 3: determine the angular velocity of the sine wave having afrequency of 60 hertz
(Hz)

rad

Soltion : w = 2nf =2 X 3.14 X 60 = 377 —

General format for sinusoidal voltage and current
The sinusoidal waveformis  A,,sina
For electrical quantity such as current and voltage
i=1I,sina = I, sin(wt)
v=V,sina =V, sin(wt)

Example 4: An alternating current varying sinusoidally with afrequency of 50 ( Hz) has
RMS value of 20A , write down the equation for the instantaneous value and find this

value a) 0-0025second , b) 0-0125second , ¢) what the instantaneous current be 14.14A .

Soltion :

I,, = V2 x RMS value = 202 = 28-24

rad
w=2nf =2t x50 = 1001TT

i(t) =1I,,sin(wt) = 28 -2sin(100mt) A
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a)

i(0-0025) =1, sin(wt)
= 28-2sin(100mwt) = 28-2sin(100 x 180 X 0-0025) =19-94 A

b)

i(0-0125) =1, sin(wt)
= 28-2sin(1007t) = 28 - 2 sin(100 x 180 X 0-0125) = -19-94 4

i(t) =14 - 14 = 28 - 2 sin(100mt) = 28 - 2 sin(100 x 180 X t)

14-14

S5 5 = 0501 = sin(100 x 180 x )

sin"'(0-501) 30
100 x 180 18000

sin“1(0-501) =100 x 180 xt =t= =0-00166s

Example 5: An alternating current of frequency 50 hertz ( Hz) has amaxhmum value of

100A calculate, a)its write down the equation for the instantaneous value and find this

value a) % s , b) what the instantaneous current be 86.6A .

Soltion : I,, = 1004

rad
w=2nf =2n X 50 = 1001TT

i(t) =1I,,sin(wt) = 100sin(100mt) A

(1 . 1
l(m) =100sin (100 X 180 % ﬁ) =504

b)i(t) = 86 - 6 = 100 sin(1007t) = sin(100 x 180 X t)

866

oo = 0-866 = sin(100 x 180 x t)

sin"1(0-866) 60 1
100 x 180 _ 18000 300"

sin“1(0-866) =100 x 180 xt =t =
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PHASE RELATIONS

| Ausin(wt*6) |
A
where § is the angle in degrees or radians that the waveform has been l m, + 1) Q= l+ %
shifted. P
If the waveform passes through the honizontal axis with a positive- = Agsinfl "
going (increasing with time) slope before 0°, as shown in Fig. _T_
the expression is
Defining the phase shift for a sinusosdal
Ap sinfwt + §) | fiunciion that crosses the horizontal axis with
a positive slope after 0°.
. . L
sinfwt + 90°) = sm(wt + E] = cos wl
e
2 2r
5 x [ el
sin wit = cos(wt — 90°) = cns(mt = —) ;
2 - - ‘

Phase relationship between a sine wave and a

cos o = sinfex + 90°) cosine wave.

sin & = cos(a — M)
—sin & = sin(ex = 1807
—cos o = sin(ae + 270°) = sinfee — 907)

+cos o
etc.
—sin i +sin ¥
sin{ —) = —sin o
cos(—o) = cos o —D0s &

Ciraphic tool for finding the relationship
between specific sine and cosine functions.

In phase:

If waveform of two AC quantities (voltage or current) get the maximum and zero at

same time then they are said to be in phase.

Out of phase:

If in AC circuit two quantities namely voltage or current waves get the maximum and

zero at different value then they are said to be out of phase.
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Current leads

ileads v by 40°, or v lags i by 40°.

v = 10 sin(wt + 309
i = 5 sin(wt + 709
Pl
10

& o ”. .
1 - -

a3 2o
70°
i

i leads v by 80°, or v lags i by 80°.

(] i)

(-
NiY s

N i = 15 sin(wt + 60°)
L¢ v = 10 sin(wt — 20°)

wl

|
M1y
g

Current lags
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AC circuit with pure resistance:

A circuit without inductance and capacitance is called pure resistance circuit as shown

in figure.

By applying Ohm's law:

Vi V,sinwt V

= == = = ; sin wf = [ sin wt where I, = VR
J Transposing, V,=1R
4 Note that current ‘
Ip Vg and voltage as in phase:
. = : -
Ig Example-6: For the circuit shown in figure find the value of ir
I_‘_'
Vi
 if v(t)=60sinwt.

Electrical circuit and measurement Mahmood Hussain Alwan
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60 V -
12 A -

Solution:

v _ 60sin(wt)
R 5

ip= =12 sin(wt) A 4

Example-7: For the circuit shown in figure if R= 10€), find the sinusoidal expression for

the current if :-

d) v(t) =100sin(377t)
e) v(t) = 25sin(377t + 60°) f‘@ f',r;lg R

Vo= 100V

m VR

Solution:a) I,, = %’" = % = 10A i

I,= 10A

i(t) = 10sin(377t + 60°) o § v :

b) I,="2=22=2-5A

i ()=2-5 sin (377t+60°) '"

AC circuit with Purely Inductive Load: et ¥ v o

Consider a purely inductive circuit with an

inductor connected to an AC generator, as shown in Figure.

[ d
v, = Ld_: = LE(Im sin wt) = wlLl,, cos wt =V,, cos wt

Utilizing the trigonometric identity [

cos wt = sin(wt + 90°)you can writethis L oW

as: L vy =1L
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v, =V, sin(wf + 90%)

Vm = wlLl il

Voltage and current waveforms are shown in Figure (a), and phasors inFigure(b). As

you can see, for a purely inductive circuit, current lagsvoltage by 90°

This ratio is defined as inductive reactance and is given the symbol XL.Since the ratio

of volts to amps is ohms, reactance has units of ohms.

Combining Equations above yields:

X, =wlL Q)
Example-8: find the sinusoidal expression for the voltage across the coil (0-1 H) if the
current through the coil is :-

A)
V,,=I1,X;, =10x37-7 =377V

vlcads 1 by 90°. I, = 10A

X, =wL=377x0-1=37-7Q -
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V,,=I1,X;, =10x37-7 =377V

The voltage is leads the current by 90°
v(t) = 377 sin(377t° + 90)

B)
V,,=1,X,=7%x37-7=263-9V

X, =wL=377%x0-1=37-7Q

V,y=1,X,=7%x37-7=263-9V

v leads § by 907

The voltage is leads the current by 90°
v(t) = 263 -9sin(377t°— 70 + 90) = 263 - 9sin(377 + 20)
Where o is radians per second w = 2nf

Example 9:The voltage across a 0.2H inductance is v = 100 sin(400t - 70°) V.

Determine iLand sketch it
Solution:

o =400 rad/s therefore x; = wL =400 x 0.2 = 8002

_1/,,1_100_1251‘1
mTx, 80

The current lags the voltage by 90° therefore:

i; = 1.25sin(400t — 20°) A as indicated in figure below

4 vy = 100 sin (400 + 707)V
. 100V +
J A
b ovp=107v2700 1A
70° _ o700
> —
S |
]L:DSB4 AS —20° 90~ I = 1.25 sin [40(]1‘ - ZGD]A
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AC circuit with Purely Capacitive Load:

In the purely capacitive case, both resistance R and inductance L are zero. The circuit

diagram is shown in Figure

For capacitance, current is proportional to the rate of change of voltage:

dv
Ir= c—= = CE(V,” sin wf) = wCV,, cos wt = [, cos wi
dt dt

Using the appropriate trigonometric identity, this can be written as:
i =1, sin{wt + 907)

Vin

Where 1, = wCV,, = X

Xcis called the capacitance reactance

Examplel0:The voltage across a 1-pf capacitor is

Vc = 30 sin(400t )V. Determine icand sketch it with V¢ K \
— Vy =30V
Solution:® =400 rad/s therefore X, = ﬁ = In=12mA— i
1 _gv 0 ;4 r %r 2r «a
400x1x10-6 = 25000 I ilcads vby 90°.
V,, 30
I, = =0-01204=120mA

xc 2500
The current leads the voltage by 90° therefore:

i.=0-012sin(400t + 90) A as indicated in figure below
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Example 11: For the following pairs voltages and currents ,determine whether the element

involved is acapacitor , an inductance or resistor and determine the value of C, L or R

E) v = 100 sin(wt + 40 °)
i = 20 sin(wt + 40 ©)

F) v = 1000 sin(377¢ + 10 ©)
i = 20sin(377t — 80 °)
G) v =500sin(157t + 30 °)

i = 1sin(157t + 120 °)

H) v = 50 cos(wt + 20)
i =5sin(wt+ 110 °)

Solutio:
A) v =100sin(wt + 40 °)

i = 20sin(wt +40°) since V and | in phase, the element is R

14 100
R=-"=—=5Q
Im 20

B) v =1000sin(377t + 10 °)

i =20sin(377t— 80 °) since V leads I by 90°, the element is L

XLz';—Z=¥=200Q

X L =L X, _ 200 0-531H
= = —_—,— = —_— - = .
L=® w 377

C)v =500sin(157t + 30 °)

i = 1sin(157t+ 120 °) since | leads V by 90°, the element is C

X =2 =22 =5000

Im

1 1 1

X,=— = >C=———
¢~ wL 377xC 377 x 500

=12 - 74uF
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D) v =50cos(wt+ 20) =50 sin(wt + 20 + 90) = 50 sin(wt + 110°)

i = 5sin(wt + 110°) since V and | in phase, the element is R

Example-12: The voltage across a 10-mF capacitance is vc= 100sin(wt -40°) V and f =

1000 Hz. Determine ic and sketch its waveform.

Solution:
Xc = t__1 _ ! =0-015Q
€7 wL 2mfC 2x3-14x1000x 10 x 10-3
Vin _ 100 .
In =32 =505 = 66674

Since current leads voltage by 90°, ic= 6.28 sin(6283t + 50°) A as indicatedin Figure

below.
J
Ic
50° > Wi
-
40°

Electrical circuit and measurement Mahmood Hussain Alwan
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Impedance:
The opposition that a circuit element presents to current in the phasor

domain is defined as its impedance.

T
rl

\Y
z = T (ohms)

For resistor:
Z,=R

For inductance:
Z, = juL = jX;
For capacitance:

L= —j——== —jX- (ohms)
wC

Series AC circuit:

AC through Resistance and Inductance:

A pure resistance R and inductance L are shown in figure(a) is connected in series.

Electrical circuit and measurement Mahmood Hussain Alwan
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Iy L

\Y ~0 i
P ‘ L

Figure(a) Figure(b)

Let V=r.m.s. value of the applied voltage; I=r.m.s. value of the resultant current.
Vp = IR voltage drop across R(in phase withI)
V., =1XxX; voltage drop across inductance (lag of I by 90)

The applied voltage V is:

V= /V,%+V§ or V=Ix2Z

where Z is the impedance of the circuit

Z= /RZ + X%

From figure(b) it is clear that the applied voltage V leads the current I by an angle ¢
such that:

.

an@ = V. R

AC through Resistance and Capacitance:

The circuit is shown in figure(a). Here Vr = I.R = drop across R in phase with I. Vc =

I.Xc = drop across capacitor lagging | by 90°.

Ac capacitive reactance Xc is taken negative; Vc is shown along negative direction of Y-

axis in the voltage triangle figure(b).
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o r'l Ve [ R A |
WY s - - - -
R C . )D ) 0 ‘
r k¥ -V, X
| I v 7
(=3 | /B
Vi Voltage Triangle Impedance Triangle
{a) (b fc)

I/=\/V,%+(—VC)2 or V=I1IxZ

where Z is the impedance of the circuit

Z = R% + (—X()?

From figure(b) it is clear that the current I leads theapplied voltage V by an angle ¢
such that:

Resistance; Inductance and capacitance in series:

The three are shown in figure(b) joined in series across an AC supply of r.m.s. voltage

“gpe 1 IB
—=Vy -.\?U 1 \{
— g (€ D] e
R L v L |
VR "\‘ A\ ’L Ve ™ > ‘ =
~ 0
[ 7 - -A Y
i \ Y O Ve Y. i
r};/u TC Y
(a) (b)
LetVp =1.R =voltage drop across R Inphase with 1
V, =1X; =voltage drop across L Leading I by 90°
Ve = L. X = voltage drop across C Lagging by 90°

In the voltage triangle of figure(b):
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V=\/V§+(VL—VC)2 s V=ZxI

Where Z is the impedance of the circuit Z = /R + (X, — X()?

Phase angle ¢ is given by: tan ¢ = _(XL;XC)

/{BK-T T
=l W

—jE*=jE

R ) R
i} | DY - X,
Trigonometrical Form of Vector — | E
[
E = F (cos 6 +j sin 0) :
: Esin ©
90° |
iE o l
O Ecos ©
i h K\t‘ . -

270°

J = 90° ccw rotation = \/(—_l)

jz = 180° ccw rotation = A[ﬁ]z —3

j“ = 270° ccw rotation = '[\/(Tl—)f = —\/(——1). =—7
j" = 360° ccw rotation = [J(—l‘]" =+ 13

_/5 = 450° ccw rotation = [ﬂf = —J-(——l) =

It should also be noted that l = I Jl
J D = =

Polar Form of Vector Representation

Polar form (conventional) E = E £ 30.
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Addition and Subtraction of Vector Quantities

Rectaneuwlar form is best suited for addition and subtraction of vector guantifies.
vE,=a,+jb,and E, =a, + jb,

Addition. E = E,tE;=a, t+jb +a,+jb,=(a +a,)+j(b +5&)

The magnitude of resultant vector E 1s .J'{u-l - al}z + (b, + b, }1

The position of E with respect to X-axi1s 15 0 = tan" [EI%&Z. ]
@& +da

Subtraction. E = E,;=E, =(a, +jb)) —(a, +jb,) = (a, —a,) + jlb, —b,)
Magnmitude of E = J{gl - azf + (b — bijz

s s : s . . 4 B — By

Its position with respect to x-axis 1s given by the angle 8 = tan t; J
a, —da
I ¥

Multiplication and Division of Vector @uanftities

(7)) Multiplication — Recranguwlar_form
Let the two vectors be given by A = o + b, and B = a, +_jb,
A B=0C = (o +jb){ay + jby) = aa, +_,rl|’:l]h: + (@ by + Byas)
= layay —b,6,) +j(a by + bay)

The magnitude of € = JL{a]ﬂi — b b)Y + (ab, + Bay)’ ]
In angle with respect to X-axis 1s given by 8 = tan M
@y, — by

(ii) Dhivision — Recrtanguwlor Form - A — & + Jb — (a, + i) a, — iby)
B a, + b (ay + b)) (ay — ibs)

‘A _ (ma, v+ Bb) - j(Ba, —aby) _aa tab, b, vab,
B azl +.E:22 ai — b._.z azz +.|'_".r21
(fif) MWiultiplication — Poloar Form
Let A =ay +jb, = A <ot
B=a, +jijb, =8 B
AR = 4.0 B 2P
A A Lo

_ = _

Example-13 the R —L circuit , R=3.5Q and L=0.1 H find a) the current through the
circuit ,b) power factor , if a 50Hz V= 220<30° is applied across the circuit .

a) w=2nf=3x3-14x50 =3147ad/
X,=wL=314x0-1=31-420

Z=R +(X;)=3-5+j(31-42) =31-6483-65Q
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V__ 220307 _ 6-962—53-65°A
Z 31-6+£83-65°

f) cos @ = cos(30°+ (—83-65°)) = cos(—53-65) = 0-11 lagging

a-"-r
e = X S

=
-'F-
-"--

"

{ :l'-c'-- ;-1 _—x

R T < T
ey

e
Ty

Cmy, [= .06 2 — 83 a5

Example-14A 60Hz sinusoidal voltage V = 141sinwt is applied to a series R-L circuit. The

value of the resistance and the inductance are 3/£2and 0.0106H respectively.

Write the expression for the instantaneous current in the circuit.
Compute the r.m.s. value and the phase of the voltage across the resistance and the
inductance.

Solution:

V. =141 V: V= 1412 =100 .. V=100 +;0
X; =2rx60x 0.0106=4Q. Z=3+4=5.£53.1°
() I=V/Z=100 £ 0°/5£53.1°=20 L-53.1°
Since angle 1s minus. the current lags behind the voltage by 53.1
() I, = 2x20 =2828: .. i=28.28sin(wt—53.1°
(i) Vp =IR=20 £-53.1° X 3 =60 £—53.1° volt.
Vi=jIX; =1£90°%x 20 £—-53.1°x 4=80 £ 36.9°

Example 15 :in the circuit shown in figure V=( 0+j10) and 1=(0.8+j0.6)determine the

value of R and X and also if X is inductance or capacitance

Solution:

Z_V_ 0+j10°  10290°
I 0-8+j0-6 1£36-9°

=1,53-1=6+8
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Hence R=6Q and B’ ~

XL=8Q AAAA

Al

Example-16: A pure resistance of 502 is in series with a pure capacitance of 100uf. The

series combination is connected across 100v ; 50Hz supply. Find:

The impedance.
Current.
Phase angle.

Voltage across resistor and capacitor.

Solution:
@) Z= 507 +322=50.4 O (b) I=V/Z=100/59.4 = 1.684 A
(¢) pf =R/Z=50=59.4=0.842 (lead) (d) 0=cos’ (0.842)=32°36"
(6) Vg=IR=50x 1.684=84.2V V,=IXN,=32x 1.684=53.9V

Examplel7: A resistance of 20Q an inductance of 0.2H and a capcitance of 100uf are

connected in series across 220V; 50Hz mains. Detemine:

Impedance.
Current.
Voltage across R; L; and C.
Solution:
Solution. X,=0.2x 314=63Q , C=10 uF=100 x 10°= 10" farad

1 _ 1
®C  314x10

(a) Z= 1}'(2{)2 + 31}2 =374} (b) I=220/37 =6 A (approx)
() Pr=Ix R=6x 20=120V; V;=6x 63=278V,V-=6x 32=192V

Xeo= — = 32 L X=63-32 =31 L (inductive)

Examplel8: A resistance of 20Q an inductance of 0.05H and a capcitance of 100uf are

connected in series across 200V; 50Hz mains. Detemine:
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Impedance ,Current ,Voltage across R; L; and C ,and draw phasor daigram .

0.05H
200 100uF

200V i
50 Hz

w=21'[f=3)(314-x50:314‘rad/s

X, =wL=314x0-05=15-7Q

1 1

wC 314 x 100 x 105

Z=R +(X, —X;)=20+j(15-7—31-84) = (20 — j16 - 14)Q
Z=20-j16-14=25-72—38-9°

Xc

= 31-84Q

I—V— 20020° =7-78238-9°4
~Z 25-7,.-38-9°

Vip=IR = (7-78238-9°)(20£0°) = 155- 6238 - 9°V
V,=1IX, = (7-78238-9°)(15-7290°) = 122 - 146,128 - 9°V

Ve=1IX;=(7-78238-9°)(31 842 —90°) = 247 -42 —51-1°V

B= = ull=l "

AC parallel circuit:

Consider the circuits shown in figure below. Here two branch A and B have been
joined in parallel across an r.m.s supply of V volts. The voltage across two parallel
branches A and B is the same. But currents through them are different.

Electrical circuit and measurement Mahmood Hussain Alwan
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For branch A

R Il L
WA=
2 2 V A
Z,= |(RE+X}): Iy =—
Z,
R I, C
AN -
Current |1 lags behind the applied voltage by ¢: B |
Al ]
For branch B v
v { ,.:_.
Z,= |(RE+XZ2): I,=—
Z,
The total current I is:
I=1,+1, = V+ v —V(l + 1>—V(Y +Y,)=VY
Ntz z,  \zy zy) Y

where Y = total admittance =Y, +Y,

It should be noted that admittance are added for parallel branches; whereas for

branches in series it is the impedances which are added.

Examplel9: for the circuit shown find (ILand Ir) .

f=50H=

= - v L=001H
E =200V 9 R 59§ ‘I‘ g

— E O O W e
ige — —E o0=— = <D M O
R O =3 S5 €3 0
i, — © - o0° — — - — DO
Ten ) =2 o £ L
— peto 1o T Vg
iy =— = e DN = BB T M e O
=2 oar - SO -1 < 10T T o>

Example20: for the circuit shown find (Ic, Ir and I7) .

]
E =200V 9 R=5ﬂ§ I — c—0.01uF

ff =50H=

Electrical circuit and measurement Mahmood Hussain Alwan
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Solution:
E _ 200.0° o
Ip =7 =" =40L0°A
E

I, = = wEC£90° =200 X2 X50x%x3.14 X 0.01 x 107% = 62.8 x 1073290°A

c

Ip =Ip+1,=4020°+62.8x 1073290° =

Example21: Two circuit the impedance of which are given by Z; =10+ j152 and
Z, = 6 —j80 are connected in parallel. If the total current applied is 15A. what are the

current taken by each branch.

Solution. Let I =15 A0°:Z,=10+;15=18 £57°
Z, = 68 =10 £-53.1°
Total impedance. Z = z‘?l_'_zé - = 10+ fﬁlj_);ﬁ? A
= 0.67—73.6=103 /- 204°
Applied voltage 1s given by
V = 1Z2=15 £0°x 103 £204°=1544 £ 20.4°
I, = VIZ,=154.5 £204°18 £57°=8.58 £ 77.4°
I, = VIZ, = 1545 £20.4°10 £53.1°
= 15.45 Z32.7°
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Example22: for the circuit shown find (Ic, Ir,ILand I7) .

i

—
llc | i|_, llﬂ
C= 0.01puf—— = =100 Q2
E= sov 9 nf —— L=253H R %
f= 1kHz
o
l[{ =M=D_5AZDG
100 €2 £0°
S50V £0°

=3.145 mA £ — 90"

iy = —
(2 < m=1000x2.53)Q £90

=3.145 mA 90"

o 50 V £0°
© (I/2xnx1000x0.01x107° ) £ —90°

iqp =ip +1p +ic=05A 20°+3.145 mA 2 —90°+3.145 mA ~90°

iqg =05 A L0°

Example23: for the circuit the shown if Z; = 6 + j82 and Z, = 8 — j6£ are connected
in parallel. If the applied voltage is (100V , 60Hz ) ,what are the current taken by each

branch. )
!
Solution : iz
- A
— —_—
=, = a4+ 8 = 1C2x 51 _ 3
Z2 = B — jo = 1O L»r .~ — F[H 9
E = 100 W =10

e
i, — —120—0 = 10 A —~ — S1.3<

1O0~—51_.3<
1 Oy =

= 10O M 369

12 =
10— — 36.9°
o FaZs _ (e i8N8s — i6)
T ., + b l:-t'—_; +j318-_j6)
oG izs - =
=, = —+ — 100 716.26% _ 45 363 _-m._13°
14+ = 14 14 —8_13°
i = _]E = 1 OO = 141 A —~— —SB. 13-
= . 7 1—8_13

Electrical circuit and measurement Mahmood Hussain Alwan



99

Example24: for the circuit the shown find i

250 0.06H 6.8 uF
l AN GLD R 1
I
' L 230V _
T SO0Hz

Power in the AC circuit

Apparent power (S): It is given by product of r.m.s. values of applied voltage and
circuit current.
S=VI=1IZ (VA)

Active power (P): It is the power which is actually dissipated in the circuit resistance.
P =VIcos¢ = I’R (watt)
Reactance power (Q): it is the power developed in the reactance of the circuit.

Q=1X.cosp =I*X

These three powers are shown in the power triangle of figure below.

=P T
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Power factor

100

_12
Q=1"X;
S=V-I Q=V-I-sing
Power Factor = cos (¢) = g
R P
COSQp =—=—
=775

—————————— AV

I-sing

power traingle

S=V .1 = Apparent Power (S)

P=V.I.cos ¢ = Active Power (P)

Q=V:1-sin¢ = Reactive Power (Q)

Example 25A 60Hz sinusodial voltage v = 141 sin wt is applied to a series R-L circuit.

The values of the resistance and the inductance are 32 and 0.0106H respectively.

Find the average power dissipated by the circuit.

Calculate the power factor of the circuit.

Solution, ¥, =141 V: ¥'= 14142 =100 ¥

I, = 2x20 =2828;

. V=100 + 0

X; = 2rnx60x 0.0106=4Q. Z=3+j4=553.1°
I=V/iZ=100 £ 0°/5£53.1°=20 £-53.1°
Since angle 1s minus, the current lags behind the voltage by 53.1

. i=2828sin (0f—53.19)

() P=VIcosp=100x 20x cos 53.1°=1200W.
(i) p-f.=cosd=cos33.1°=0.6.

Example 26: Two coils A and B are connected in series across a 240V, 50Hz supply .the

resistance of coil A is 5Q and the inductance of coil B is 0.015H .if the input from the

Electrical circuit and measurement
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supply is BKW and 2KVAR , find the inductance of A and resistance of B , calculate

the voltage across each coil .

L L] IIII‘II
A s kW
‘I.I".II'. ': 'l

i’-:. 0.015H -

u
P
£
.--

50
JEVAR
J40V-50Hz 1

Solution :

The power traingle in figure b

S=P2+Q%2=+32+22=3-606KVA

S 3606
S=VI =>1===

P
P=1I?R=1*x (R4 + Rp) =>(RA+RB)=I—2=13-SQ

(Ry+Rp) =133 = Rz=13-3—-5=8-30Q

z—V— 240 =15-97Q
1 15-3

(X, +Xp) =vVZ2 — (R, +Rg)? =+/15-972—-13-32 =8-84Q
(X4 + Xg) = 8-84Q
Xp=2mflp=2XmTx50x0-015=4-713Q
~X,=8-84—-4-713 = 4-13Q

X4

———=0-0132Q
2XT1X50 0-013

XA=27l'fLA = LA ES

Z, =\/(RAZ+XAZ) =/52 +4-132 = 6-485Q
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ZB=J(RBZ+XBZ) =832 +4-7132 = 95450

P.D acrosscoilA=1Z,=15-05%X6-485=97 -5V
P.D acrosscoilB= IZg =15-05x%x9-545 =143 -5V

Example 27: A 120-V ,60 W lamp is be operated on 220v ,50Hz supply mains .culculate

what value of ( R ) would be required in order that lamp is run on correct voltage .

Solution: GOW Iy
- WA 7 AN
Resistor is connected in series with lamp —
| 20} Y r -
The current passing through lamp to run on L0.5A L)
correct voltage . ,:’;;‘::
220 V
I = M — ﬂ =0- 5A
Viemp 120 fedd
P.DacrossRisVrR Vg =220-120=100V
R="2_299 _ 5000
ST I 0-5

Example28 A 120-V ,60 W lamp is be operated on 220v ,50Hz supply mains .culculate
what value of (L) would be required in order that lamp is run on correct voltage .
Solution : 60W L

o AN L10)

Inductance is connected in series with lamp

-] 20 \L—o-o-—l}———-

The current passing through lamp to run on correct 5, '
voltage < ~

220V
I=§Z—ZZ=%=O-5A (b)

P.Dacross LisVL V,==.(220% +1202) = 184 -4V

X vV, 184-4 36880 o L X, 3688
= = = . = = =
L= 0-5 2XmTx50 314

=1-14H
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Three phase generator:

Large scale generation of power is achieved by generating three phase e.m.f. using
three separate windings insulated from each other. They are placed on the rotor of the
alternator. The windings are displaced at angle of 120° with each other as shown in

figure. When the rotor is rotated e.m.f. will be induced in the three coils (phases).

Eay /*'u'.' /*'t'.'.'

Eay

M
N \ 01566

0,366

(a) Thee-phase generator b) induced volages ofa thee-phase gencrato B
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The instantaneous values of the three e.m.f. will be given by curves of figure

Eare — EnearpSLiol sl
S — Eopgmrepsimafast — 1 20)
Srrg — Eppgr—ean ST cat — 24005y = B, oo S calf = 124005

E = O TOTE,_  arn
e O FOTE e
O TOTE, e
E o= E g p, 20"
ey = — 120
Epy & —+ 12000

%n
Z
I

g
:
||

THE Y-COMMNECTED GENERATOR

= L amse=

MNeowutral

=k lely

lime current — phase current

I-L=I'ﬂ'.g

Epy = Egay = Epy = Ecn
E;, =Esp =Epc =Ecq
E, =V3Ey;=\3E,,
Ipy =1,
Numbering of phase

The three phases may be numbered 1; 2; 3 or a; b; c or as is customary they may be

given three colour. The colours used commercially are red; yellow and blue. In this case
the sequence is RYB.

Electrical circuit and measurement Mahmood Hussain Alwan
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PHASE SEQUENCE (Y-CONNECTED GENERATOR)

Ery P ) E = E ,gl0° {reference)
/ Line Epy= Ecq2—120°
voltages A A
E.g . Ep.= Ep- £ +120°
/IRmannn
Epgc

ABC

B

Eun= EuxnZ0° (reference)

Phase Jp = By s—120°
voltages
ER~'= Em\;i"‘ 120°
Drawing the phasor diagram from the phase sequence.
The Y- connected generated with A Y-connected load
A a
I]_ l I-ﬂl!.
b I
Log E, E, vl &
Ly n
E, b QBT L )
e Ve Y
l I, + ¥ by
] Ep

Yoonnected generator with a Y-coanected load.

If the load 15 balanced. the newtral connection can be removed
without affecting the circuit

Electrical circuit and measurement Mahmood Hussain Alwan
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Zl - Zz - Zg
IPHg =1, = IphL
EL = \/gEPH

Vpy = Epy

For the balanced load In=0

Example ( ):The phase sequence of the Y — connected generator is ABC

V- Find the phase angles O; and O3

Y- Find the magnitude of the line voltages

Y- Find the line currents

¢- Prove In=0

E.'nH

Solution :

1-for the A B C phase sequrnce

0:=-120 and ©3=120

2-E; =3 E,, = (1-73)(120V) = 208V
Therefor E g = Egc = Ecq = 208V

3- Vyn = Epp Therefore

Electrical circuit and measurement
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Van = Ean Vin = Egy Ven = Ecn

Vin  12020°  1202£0°

= = =24,/ -53-13°A
Z,, 3+j4 5:53-13°

IL=Ian=

Vpn 1202—120°  12020°

= = =24, —-173-13°A
Zy, 3 +j4 5253 -13°

IL =Ibn=

Ven  120£120°  1202£0°
Z, 3+j4  5:53-13°

I,=1,,= = 24,66 87°A

IL == Iph

Iy, =1,, =242—53-13°4
Igg =1, =242 —173-13°4

Ice=1,, = 24266 -87°A

4-applying K.C.L

In=1Tna+1gp+1Icc=242—5313°+ 242 —173-13°+ 24,66-87°=0

The Y — A System
There is no neutral
For the balanced load Z; =2, = Z;
Vph =E;

Electrical circuit and measurement Mahmood Hussain Alwan



I, =3I,
=%
A\
\Ca \’a
Z z, #
/In.’ lol
a—
- ‘o

Y-connected generator with a A-connected load.

Example ( ):The three phase system of figure

V- Find the phase angles O: and O3
Y- Find the current in each phase of the load

¥- Find the magnitude of the line currents

Solution :
1-for an A B C sequence

0, =-120° and O3=120°

A r i [—
I.\J -
B o= @il My, = B AR
E g = 150% = 0° W em / ‘-._‘\‘“:.:lh
J-phasc, 3-vwirc, I L
Yoconnected gencrator ANy = H IR
Phase soguence: AR — s
o 6o Lk
Eqra = 1500%W = + —_
R = 60 Ipe Xy = 8B A2
J, . < Aty i b
3 o
& 1 L
- § -— [ —_ Bo -+
Eg~ = 150V =< &,
Vo =V,

Vap = Epp Vac =Eac Ve = Epc

Electrical circuit and measurement
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The phase currents

_ Vap  15020° 15020°

I ==2= = =152 —53-13°4
=z, 6+j8  10253-13°

Ve _150£-120° 1502 —120°
be = Ze  6+j8  10253-13°

=1524-173-13°4

Vea 1502120° 1202120°

= = = 15266 - 87°A
Z,, 6+j8  10:53-13°

Ica =

I, =V3I,,=1-73x15=25-954

IAaZIBb =ICC=2595A

The A connected generator

Electrical circuit and measurement Mahmood Hussain Alwan
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‘\\ Tga L
Epy E.n
" Ern Ea Load
1 " ’r‘( - E.'.'.\ ¥ 1 Eh
o - Eg t1., B
o C e,

A-connected generalon

phg _\/_§

E g =Epc =Ecs = EPHg

Phase sequence ( A — connected generator )
EAB == EABL Oo
Epc = Egcz —120°

ECA ES ECA4120°

Electrical circuit and measurement
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- F.oet=a s o-as
_II_.I
=

=l

Fhase socaguiercses =

PHASE SEQUENCE (A-CONNECTED GENERATOR)

E = E,g£0°
Epc= Egc£—120°
Epy = Epr 2120°

Determining the phase sequence for a
A-connected, three-phase generator.

THE A-A, A-Y THREE-PHASE SYSTEMS

The basic equations necessary to analyze cither of the two systems
(A-A, A-Y) have been presented at least once in this chapter. We will
therefore proceed directly to two descriptive examples, one with a
A-connected load and one with a Y-connected load.

EXAMPLE For the A-A system shown in Fig.

a. Find the phase angles @, and 0; for the specified phase sequence.
b. Find the current in each phase of the load.
c. Find the magnitude of the line currents.

The A-A, A-Y system

Example ( ): for The A-A system shown in figure

V- Find the phase angles O: and O3
Y- Find the current in each phase of the load

¥- Find the magnitude of the line currents

Electrical circuit and measurement

A R

e Rotation
P

E.p

Phasc soquence: A B(
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EXAMPLE For the A-Y system shown in Fig A — 4,
ly=2A200 ﬂ‘?

Find the voltage across each phase of the load.
Find the magnitude of the line voltages.

Solutions:

a. Iy = 1. Therefore, 3 hege

A-connected generator
I, =1,=2AL0°
Iy =g =2A L—-120°
Iy =1l =2A L1207

“Phase sequence:”
ABC

Ige = 2AZ100°

The phase voltages are

Vi = Lo = (2A Z0°)(100) £-53.13%) = 0V £L=53.1%°
Vig = Ly = (2A £-120°)(10 0 £-53.13°) = 20V £=1T73.13°
Voo = Loy = (2A Z120°)(10 2 £-53.13°) = 20V L66.87°

b E = \-"31'; = (L.73)(20 V) = 34.6 V. Therefore,
Egy= Ecy= Exp= 346V

Example ( ): for The A-Y system shown in figure

V- Find the voltage across each phase of the losd
Y- Find the magnitude of the line voltages

Solution
L, = I, therefore
Van = lagnZan = (220°)(102 — 53 -13°) = 202 — 53 - 53°V
Vin = IpnZpn, = (22 —120°)(102 — 53 -13°) = 202 — 173 - 53°V
Ve =InZn = (22120°)(102 — 53 - 13°) = 20266 - 87°V
V. =vV3V,, = (1-73)(20) = 346V

EAB=EBC=ECA:34.6
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Example ( ): for The A-Asystem shown in figure

V- find the phase angles O, and O3

2-Find the current in each phase of the load

- Find the magnitude of the line voltages

3-phasc
A-cx ted ac ge tor
Phasc scqucnce: ACE

.= 120V £ 6

Solutions:
a. For an ACBphase sequence,
> = 120° and 6; = —120°
b. Vo, = E,. Therefore.
Vo = Ean Ve = Eca Ve = Egc
The phase currents are
- Vi.e 120V ~0° 120V ~0°
=B Ze (5€2 A0°KS5 €2 £ —90°) 25 ) £ —90°
54 — j5 12 7.071 £ —4as5°=
120 V_~0° -
3530 - —as- 339 A ~ 45
_ \’.h—= 120V ~ 120° _ o
| PN z.. >3 5483 - —a5° 339 A £165
V_ 120V £ —120°
| = = = = 339 A ~ —T5°
- z_. 3.54 €2 » —a5°
c. I = V3I, = (1.73%(34 A) = S8.82 A. Thercfore.
IM - f}m - .’(-‘- - 58.82 A
Solution :

a- Foran A C B phase sequence

0, =120° and O3=-120°

b-

The phase currents

Electrical circuit and measurement
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Vph = VL

Vae = Exc

Vpe = Epc
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POWER

Average Power The average power delivered to each phase can be
determined

Y-Connected Balanced Load

V2
P, = Vil cos 8% = IZR, = Ef (watts, W)
a
" 1 where ﬂzf indicates that @ is the phase angle between V, and I,. The
L total power to the balanced load is
= R £ jX
(W)
Ep
E . L
- v, = n = v, or, since V= v and I, =1
k3 *
— g L %
e 1, = . then Pr= 3K Icos 0
El’.
- o Therefore, Py = \3EI cos 81 = 3R, (W)
Yronnecied Palancaed load. Reactive Power The reactive power of each phase (in volt-amperes
reactive) is
C v g Vi
Qs = Volysin g = ILX, = — (VAR)
X
The total reactive power of the load is Qr Q. (VAR)

‘ Qr = V3EL sin 02 = 32X,

‘ (VAR)

Apparent Power The apparent power of each phase is 8 =
The total apparent power of the load is (VA)
or Sr=V3EL (VA)

Power Factor The power factor of the system is given by

Pr

Sy

— - v
F,= = cos 0

(leading or lagging)

Electrical circuit and measurement

Vol (VA)
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EXAMPLE For the Y-connected load of Fig.

R=3Q

l,bl
E, = 1732 v 200 =49
E, = 1732 V £+120° e

A

a. Find the average power to each phase and the total load.

b. Determine the reactive power to each phase and the total reactive
power.

c. Find the apparent power to each phase and the total apparent power.

d. Find the power factor of the load.

Solutions:
a. The average power is

Py = V I cos 0};‘= (100 V20 A) cos 53.13° = (2000)(0.6)
= 1200 W
P, = 2R, = (20 A)*(3 Q) = (400)(3) = 1200 W

p,=Ya _ (60V)' _ 3600 _
R 30 3
Pr= 3P, = (3)(1200 W) = 3600 W
or
Pr= \V3E I cos 0} = (1.732)(173.2 V)(20 A)(0.6) = 3600 W

b. The reactive power is

Qs = VI, sin 6}% = (100 V)(20 A) sin 53.13° = (2000)(0.8) or Qs =IX, = (20 AY(4 Q) = (400)(4) = 1600 VAR

= 1600 VAR Qr = 30Qs = (3)(1600 VAR) = 4800 VAR

or  Qp=\V3Esin 0} = (1.732)(173.2 V)(20 A)0.8) = 4800 VAR

c. The apparent power is S, = Vil, = (100 V)(20 A) = 2000 VA or  Sy= V3E = (1.732)(173.2 V)(20 A) = 6000 VA
Sr= 35, = (3(2000 VA) = 6000 VA

d. The power factor is

Fp="35=—"———=0.6 Ingging

Average Power

Py, = Vl,cos 8i2= ISR, = —& (W)

25

Reactive Power

X
Q, = VI, sin 2= 11X, = % (VAR)
A~connected balanced load. (VAR)

Apparent Power

5, = VI, VA

| sr=3s5=V3E4 (VA)

Power Factor Fo=——
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THE THREE-WATTMETER METHOD

Three-wattmeter method for & A-connected load.

Three- wattmeter method for a Y-conmected Toad.

P =P +P,+ P,

Pr, =P+ P+ Py

THE TWO-WATTMETER METHOD

Py= Py * Py = V3FE, I, cos 0}%

P, P
F,=cosfjz=—t—L
= T NEED

Py Py
10 —075 —05 —025 0 +025 +05 +0T5 +1.0
Pr=Py— P =—— | —= Pr=F+P

Determining whether the readings obtained using the two-wattmeter method

should be added or subtracted.
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