MODULE-1

D.C NETWORRKS
1.1 KircholTs Laws:-

L1 _Kircholl’s curreat law or point law (RCL)

Statement - In any electrical etwork, the algebrak s of the cusrvnt
meeting al & point is zero.
E1=0iiiiiininiiioinse . il & junction or node

Assumption:- Incoming current = positive

Outgoing current = negative
1.1.2. Kircholl's voltage law or mesh lnw (KVL)

Statement:- The algebraic sum of the products of currente and resistances in
cich of the conductors [n any clused path (or meal) in 3 Beli ack plus the
algebraic sum of the emfs En thae path is rero,

TIR 4Temf =0, oonoeiiieereeisssssssnnndound the mesh

Assumption:- i) Risc in veltage {1f we go from negative terminal of the
hattery to positive terminal) = positive

i1 Fall in voltage (If we go from positive terminal of the battery to negative
terminal) = neguEive

i1y 1f we go throogh the restsior in the same direction as cirrent then thees o
a full in potential. Hence this voliage is taken as negative,

i)l we go through the resistor against the direction of current then there i« 5

ﬁulnpmﬁd.mhinnllutdmpismumiw

=
=4



1.2. MA ‘SL N H

Example:- Write the |
2 oOp equati ircuit below
(Supplemen Nl} on for the given circuit
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Solution: Apply KVL to the locp,
-in—E, —ir, + E, =i -E, = 0
= E, -E,+ E, =—in—in — i
= E,~E, +E,=-i(rn+n+n)

NALYSID)

Sumement:- This method determines branch currenis and voltages across the

clements of a network. The following process is fol

L]

lowed in this method:-

Here, instead of taking branch currents (as 1n Kirchofi's law) loop currents
are taken which are assumed to flow in the clockwise direction.

Branch currents can be found in terms of loop currents

Sign conventions for the IR drops and battery emfs arc the same a5 far
Kirchoff"s law.

This method is easier if all the sources are given as voltage sources. I there
s a current source present in a network then convert it into equivalent
voltage source.



- Explanation:-
Consider a network as shown in Fig. below. It contains two meshes. Let 1, and
I; are the mesh currents of iwo meshes direcied in clockwise.
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Vs '=1" Iy

Apply KVL to mesh-1,
Vi-LR-(I,-1,)R =0
Apply KVL to mesh-2,
-I,R,-V,-(1,-L, )R, =0

When we consider mesh-1, the current I, is greater than I3. So, current through
Ry is Ij-1;. Similarly, when we consider mesh-2, the current 5 1s greater than l;.
So, current through R is I - T;.

Example: Find 1,, I; and T, in the network shown in Fig below using loop
current method

s 100 OV 200 E 100 g
——w‘—
10 = 50V
fov H o, 300 :
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Solution:- For mesh ABCDA.



-I'Hn'{ll'la}n:n,

10
=~ BII'E:E::-] =0

For mesh BEFCR (1)

4“‘11“1ﬂ+[u (

= ':'[;}xlﬂ- 1.-1

= EII“511+I,=|..5 (1, r}xztglﬂ
For mesh EGHFE,
-101 =

3F30 - (1, ~1,)x10-10=0

— 11*-113.—..-4 {3}
Equation (2) x 2 + Equation (3)
4].-911=~14 {4}
Solving eq" (1) & eq"(4)

L=1A L=2A L=3A
L3. NODAL ANALYSIS

Statement:- This method determines branch currents in the circuit and also
voltages at individual nodes.

The following steps are adopled in this method:-
* [dentify all the nodes in the network.
= (ne of these nodes is taken as reference node in at zero potential
» The node voltages are measured w.r.t the reference node
= KCL io find current expression for each node

» This method is easier if all the current sources are present. If any voliage
source is present, convert it Lo current source



- here '
= The number of simultnneous equations 1o he snlved hecomes {n-11 where *n
i5 the number of independent nodes.

Explanation:-

Atnﬂdﬂ a’ lr“'[1=13

By bhes o, ) =E|-1I: hh= EI};E oy =%

Therefore,  [1 1 1] E B _g
R R, R,| R R

of, V_[i-l--_l-.q-L _.Ejl.,,_',Ej,_=u
R, B,] R R

or, Fﬂ’:—-]—+._|!.+i _E_Ei.:ﬂ
R R R| R K

g,
* Node voltage multiplied by sum of all the conductance connected to this
node. This term is positive
* The node voltage at the other end of each branch (connected o this node
multiplied by conductance of this branch). This term is negative,



F'jnmlﬂ""' Use nodal
cireuit shown below,

f Suppltmtur;,r Exam J uly- 2004)

analysis to find currents in the different branches of the

Za 0 40
_'_"*ﬂ“ A i

= gV
12v = *':'1[]

.

50

Solution:-
Let V) and V; are the voltages of two nodes as shown in Fig below

20 Wy apn V. 40

Applying KCL to node-1, we get

12—V, +ﬂ—v1+v:-vl =0
3

5 [
s 363V, -6V, +2V, -2V, =0

— =11V, + 2V, = 36 Tasen(l)

Again applying KCL to node-2, we get:-



ST
B

F._I—F,_'_U-F: +ﬁ—-v=

3 5 S
5 20V, =47V, +90 =0
— Iu..'| “:?F= = u;urr-vlilll-ll-l'-"{z}

Solving Eq (1) and (2) we pet V,; = 3,924 Volt and V; = 3,584 voll
12-V, o 12-3.924 —4.038A

Current through 2 £2 resistance = ~ 3
Current through 1 £ resistance = EIEL =-3.924 A
Current through 3 £ resistance = 5;&*-'"-1 133 A
Current through 5 0 resistance = Lo ? =(.7168 A
5V: 206044

Current through 4 £1 resistance = —

4+ currents through 102 and 500 are negative, so actually their directinns are
opposite to the assumptions.

1.4. STAR-DELTA CONVERSION

Need:- Complicated networks can be simplified by successively replacing delta
mesh 1o star equivalent system and vice-versa.

In delta network, three resistors are connected in delta fashion (A) and in star
network three resistors are connected in wye (Y) fashion.



I

Fig, 1.4.1.

%) L3t comction b) Star connection
1.4.1. Delta to Star Conversion:- From Fig. 1.4.1 (a), A : Between ALB,

there are two parallel path.
Resistance between terminal A & B = M
R”+R-:+R¢l

From Fig. 1.4.1 (b), STAR: Between A & B two series resistances are
there Ry + Ra. S0, terminal resistances have 1o be the same.

R.+R.= Ryc (Rea * Ras) - (2)
N  Thr Y i

R.+R,= Rn[Ri!_'l'R“.'j i
) . Run * LI R..

Eq {(1)-(2))4(3) & Solving,-
R..xR
K. = Al o]
ST T e SR
R..XR
= AR__BC . ... PRI




R. xR
R = - Las P S P | .1

Easy way 1o remember:-

Anyarmof star connection = Product of twe adjacent arms of delia
sumof arms of delta

1.4.2. Star to Delta conversion
Eq [(1) X 2))+2) X (3)+ (3) X (1) & Simplifying.-

_R.R,+R.R. +R.R R.R,
R“-_J_L_-:ET‘__L_L-R‘+H'+ -

&

Rﬂl‘ =-E'+Rf+£_'i‘qi'.'_
A

R“-EE+R_+i;ia-
Fi

Easy way to remember:- Resistance between two terminals of delta = sum of star
resisiance connected to those terminals + product of the same 1o resistance
divided by the third resisiance.



Q=_AC _20%x80 _

A+B+C 130
p=_AB__20<30_, 0
A+B+C 130
R=_ BC _30x80 ...
A+B+C 130
NETWORK THEOREMS
* SUPERPOSITION THEOREM
* THEVENIN'S THEOREM

L]

NORTON'S THEOREM
* MAXIMUM POWER TRANSFER THEOREM

1. Superposition theorem

Statement:- In a network of linear resistances containing more than nne
generator (or source of emf). the current which flows at any point is the sum
of all the currents which would flow at that point if each generator were
considered separately and all the other generaiors replaced [ur tie v belig
by resistances equal to their internal resistance,



Example:- By means of superposition theorem, calculate the currents in the

network shown,

10 180 Sa20

2x18
R = e - &
w =3, ygt! =280
1 O
I,, = =——=3.57A
. Z.8
1 &

I = 31.5Tx —=3.21A
Tk zu

=
Il



20

20V

R, a8
1+ 18
20
I, = = 6.78A
WY
18
l:g =6 TEH1—= 6.42A

Step 3. Results

1, =1, -1, =3.57-642=-2.85A
I, =1, -1, =6.78-321=3.57A
I, =1, +1, =0.36+0.36=0.72A

II-

Statement: A voltage source (V) with s series re<istance (R) con |
coaverted to a current source (I=V/R) with a paralle! resistance (R) and vic
VT 5.




From Eq. (1) & (2)

V=IRy (3)

* STATEMENT: The two circuits are said to be electrically equivalent if they
supply equal load currents with the sane resistance connected aciuss ey

iermitnals.

* voltage source having o voltage V ond source resistance Ry can be reploced

) ean hre
e ice by li= V/Rx) and o source resistance R {n parallel with current sounce
* Current source | and source resistance Rx can be replaced by  voltage

soipree Vo(=TR <) mnd 0 soumee reststonce By in seried with Y
~ Siptement:- Any pair of terminals AR of a linear active network may be
4 '_ ed by an equivalent voltuge source in series with an equivalent




the Thevenin's voltage) 15 equal

Fesistance Ry. The value of Vi (called A8 when they ire OPen Cicuiey

potential diff, nals .
and R,, is th“:;;ﬁmi:;::%“ intn the nrl":l.l'ﬂli' n;;;:tn:nl-. hy
independent active sources set to zero i.e with all the indepe oltag,
sources short-circuited and all the independent cnrrent  SOUNCES  Opey
circuited.

Example:- Find vy by first finding Vo and Ry to the left of A-B

120 49 4
Y WY
| .
v () 602 1“?“
T

Solution:- step], First remove everything to the right of A-B.

120 a0
A ANy

0v(®) 6Q 3

_ (30)(6) _
Voo ="go1z - 1%

MNotice that there 15 no current flowing in the 4 Q resistor (A-B) is open. The
there can be no voltage across the resistor,

Step 2. To find R

We now deactivate the sources o the left of A-B and fi '
loking in'8 W ind the resistance se¢



120 40
Wi L Ay ——

. ik

Ryy= 1206 + 4 = 80}

Step 3. To find V,
After having found the Thevenin circuit, we connect this 10 the load 1n order 1o
find v;.
R A
W‘I‘ T T—
80 .
Vs 0V 10 é Vx
B
e

2+8

4 NORTON'S THEOREM

Statement: Any two terminal linear active network (contamning independent
voliage and current sources), may be replaced by a constanl u.;.um:m sule
ly in parallel with a resistance Ry, where Iy is the current flowing through a
shon circuit placed across the terminals and Ry 15 the equivalent resisliive
of the network as seen from the rwo terminals with all sources replaced hv

their intemnal resistance.




Example: Find the Norton equivalent circuit to the left of terminals Ag
the network shown below. Connect the Norton equivalent Circuit 1o the h:
and find the current in the 50 0 resistor.

A~ 104
N

20 Q 40 Q
My A

L =

df)snv 3600 5002

Solution:
-

o)
%

20 0 40 £2
—_W' l ﬁ'llﬁ'ifllll

Cx 50V §ﬁﬂn "
.t

|

Fig. Circuit to find Lyogron

It can also be Ehl.’}ﬂr,t] that b:’. dﬂ-‘ﬂ.ﬂl’iv .
ating the 2 :
looking into terminals A-B is R,=550 sources,We find the resistance

Ry and Ry will always be the S8 'V
: : : | i o
equivalent circuit tied to the load is shuwﬂnu:c:: O TMER T R

10.TA g
SR §snn

J




3. K

* Statement: For any power source, the maximum power transferred from the
power source to the load is when the resistance of the load Ry is equal to the
equivalent or input resistance of the power source (R;,= Ry, or R,

* The process used to make R, = R, is called impedance matching.

Explanation:
R“Iﬂ A
ATAVAY -
<
Vi S Ru
“ l
=
L
Ry +R,

P, =I'R, = Vo'R,
me"'R y

; dP,
For F, to be maximum, —=(
L

Or.R, =R

v

S0, Maximum power drawn by R, =I'R, = —IH—RI---JJ_

(R, )

Power supplied by the source=——T4
(R +R.)

4R,



TRANSIENTS

Statemeny- Sudden change in electrical circuit.

Transient disturbances are produced whenever:- ‘
» An apparatus or circuit is suddenly connected to or disconnected from the

supply,

® A circuit is shorted _

» There is a sudden change in the applied voltage from one finite value 1o
another,

> Transients are produced whenever different circuits are suddenly
switched on or off from the supply voltage.

Resultant current consists of two parts:-
A final steady state or normal current
A transient current superimposed on the steady state current

* Transient currents are not driven by any part of the applied voltage hut
are entirely associated with changes in the stored energy in inductors and
capacilors.,

» Since there is no stored energy in resistors, there are no transients in pure
resistive circuil,

When Switch ‘8" is connected to ‘1",



i

When switch 15 connected o *1° (charging):-
VaV, + 2

1 ] s
?rl_" = — | [ ¥

c]d'l' L..!i"

| -7 1 ¥
l-l"--ul - o e

C ,.(I'[r]- EHLHE}




Discharging of RC

When connected 1o “2" in the Fig. above,

Ri+ = fidt =0
c

Rnl—l-F-i—-:[]'
d i i
= |
im Kekc

Art -u;r:%’l {voltage acnvs capaciur s dischAIging in opposile direction ip the orgingl csorrent din

i =«

:'IE-]qtl RC ="'In= L,




i R
*-—Gf'o—ww—l
,,
Rt

L

» Two types of energy:- Electromagnetic and clectrostatic. 5o any sndden
change in the conditions of the circuit involves redistribution of these two

energies, . -
« Transient current produced due to this redistribution may he unidirectional

and decaying oscillatory.

i g 2a
|
4
R, ..R_) ek
L L LC
atfi= >




Solution of diferential equation is:-

i=K] efit +K]L'F-"'

Roots are ‘a+f=P, :a-p=P,

K, &K, depends on boun dary condition

%F:H@mﬁm:-[&r}éumﬁdnm :
In this case, B is positive real quantity. Hence P, and P; are real by tneqy,
i=K Py K o™

/= E’I!fﬂ'hﬂ}r + K. ele-2)»

=K el I’,;":'“

E A [H,e" el

The expression of ' is over damped transient non-oscillatory current.

CASE 2:- Low-loss circuit; [ J = l.e Underdamped

In this case, B is imaginary. Hence roots are complex conjugate
Pr=a+ jpiP,=a-jp

i=K,e"V 4 K,e™

ﬁ',ft“‘r”’+f gl@=i18 )

| m !{ir"eﬂ' + K e g™ 1

[ = g"’[ﬂf,em’ - K:E-I‘m]

The expression of ‘i’ is damped oscillatory
CASE3: (). it
- lﬁ} . i.e Critical dﬂmping

L this case P =0, Hence ols Py & Py age real angd eyual,



pea+liza:P,=a:Nan
i-i-Rli-"I'*Hlll;'.-.

The above expression is of critical damping because current is reduced to almost
zero in the shortest possible time.

fy=lpy e S L+

-

¥
Example: A coil having a resistance of 2Q and an inductance of 1 IT1s switchos
on to a 10 V D.C supply. Write down the expression of current i(t) in the coil as a
function of time

Ans: R=20, L=1 H, V=10V
Time constant (T) = L/R=1/2=0.5 sec

o i
--i'-ﬁll'\_ f...., _\_,/-"‘} ”:&f;’;ﬂ

Steady current = VIR = 10/2=3 A




Single phase EMF generation:
Alternating voltage may be generated

1) By rotating a coil in a magnetic field .
2) By rotating a magnetic field within a stationary coil

The value of voltage generated depends Bpon
1) No. of turns in the coil 2) field strength 3) speed

%

Equation of alternating voltage and current -~

M= Mo, of tums in a coil

= Maximum flux when coil coincides with X-axis

w= angular speed (rad/sec) = 2nf

AtB=wt,  =flux componen: L (o the plane =d,, cos wx
Accurding to the Faraday's law of electromagnetic induction,

_ i ap_ g d _
e=:N H-'N I¢“Cnsmt=mﬂm,51nmt ,,,,,,,, wll)

Now ¢ is maximum valve of E,, , when Sind = Sin one - 1

llel'_';r-ﬂ m¢ﬂ1 LLE L X e T E



FromEqQ (1) & (2),e=E, Sinwt  voli

Now. current (i) at any time in the coil is proportional to the induced emf (€) in the
coil. Hence, 1 = I, Sin et amp

» Cycle- A complete set of positive and negative values of an alternating
quantity is known as cycle.

Le—Time period: The time taken by an altemating quantity W voinpleic one
cycle is called time T.
. _Frequency: It is the number of cycles that occur in one second. [= I/T
f = PN/120 where, P= No. of poles, N= Speed in rpm ;
% Waveform: A curve which shows the variation of voltage and current w.r.t
time'or rotation,



¢ Phase & Phase difference:

Ay e

e | (Sec0ned) %
g, = E..A_Siﬂmt
In phase: ¢y = E pSinot
g . 1) B Jeads A

N A

'-.-jlilt-* o

‘.‘. h ﬂ-ﬂ-“ll |'L ...ij

e, = E-Slﬂml
Phuse difference ®. o = = E _ Sin(ot+ &)

li]AiudsBﬂrlB'lﬂiiﬂ '

¢, = E dmal
ey = E,Sin[ﬁll-ﬂ]



- =Square root of the mean of square of e lnalalaicuus cisiiciins

e It is the square root of the average vajues of square of the aitemaiing
quantity over a lime period.

l_.:F}iI{mt}d (wt)
T

Average Value (or mean valuek—

It is the arithmetic sum of all the instantaneous values divided by the number
of values used to obtain the sum
iy #ig ety

av 'n

i(ot) {mt}

1
b= T

mm;‘%ﬂ&]:f is the ratio of rms value to average valne of an alternating
quantity. (K7 = InmeTav) e

Peak factor (K,) or crest fg@r’"f.-mth: ratio of peak (or maximum) value to the

rms value of alternating quantity (Ka = Tug/ Lo

':"--1



Example: An aliemnating current varying i""-‘””'_"’mm instantaneous Valy,
has an RMS value of 20 A. Write down the equatiot passing through @ positiv

and find this value a) 0.0025 sec b) 0.0125 sec 8T P C s value, will thy
maximum value. At what time, measured from a positive

instantaneous current be 14,14 A?

l.=20/2=28.2A
Ang: o 2% 50=100% rad/s

int O a8 2270 limg
The equation of the sinasoidal current wave with reference (© PO
point is
1= 28.2 sin 100mt Ampere )
jve and maximun
Since time values are given from point A where wﬁnﬂﬂ:ﬂﬁm becoms;”
vdun.&muqunlinnmyihulfhnmfmﬂdmpﬂ'm*'m '
= 28.2 cos 100m
i I
i) When t= 0.0025 second
j =282 cos 100x X 0.0025 ............. angle in radian
=282 cos 100 X 180 X 0.0025 ............ -angle in degrees
=282c08 45" =20 A ...orvvnvnenns - ..point B
i) Whent=00125sec
1=28.2 cos 100 X 180 X 0.0125
= 28.2 cos 225° = 282 X (-1N2)

F-MA Lk L LT T Te R e, F.I,mc




i) Here j= 14.14 A

14.14 =282 cos 100X 180¢
Cos 100 X 180 (=%

Or, 100 X 180 t = cos™(1/2) = 60°, 1=1/300 sec censssrsnsrenpOint D

-\

Phasor: Alternating quantities are vector (i.c having both magnitude and
direction). Their instantaneous values are continuously changing so that they
are represented by a rotating vector (or phasor). A phasor is a Vector rotatng at
a constant angular velocity

Phasor diagram: is one in which different alternating quantities of the same
frequency are represented by phasors with their comrect phase relationship

4v 8

; i\ & 5

"'\W
Points to remember:

l. The angle between two phasors is the phase differcnce
2. Reference phasor is drawn horizontally

3. Phasors are drawn to represent rms values
4. Phasors are assumed to rotate in anticlockwise direction

3. Phasor diagram represents a “still position” of the phasors in one particular
point




v=L E'l' .‘U_sinmt

dt
v .
iE_L!-J’smm:
i:i‘s—:usmt
e L

1=1_sin(mt- %] (currentlags by 90%)

wL=2xfL=X, =inductive reactance(in £2)



B il
it b N TN

f -
L]
(1] i
L T * ) ] vertl Si = i e Ry

dw d
wC —=C —(V_§i
i T dt{ m3inal )

= CV_cosot

=wuC "u"_uin(wH%J = Eﬁ:m [mH%

=1_sin (m+ ;J (currentleads by 90°)

l o .
=capacitive reactance (in 02 )

=X .=

oC 2xfC
‘|* operator; j is a operator which rotates a vector by 90° in anticlockwise

direction
P=-tij=1

Note: ‘i* is used for current hence 'j’ is used to avoid confusion
Math ion of vee

I. Rectangular or Cartesian form:- V = a £ jb
2. Polar form : i’*ﬂlr"-r‘-’iﬁ*
3. Trignometrical form : V =V {c0s 0% jsin6)

t JF

4. Exponential form ; V = Ve



ied for addition and subtraction & Poliy

Note: rectangular form is bes suited £97 PLC, o

form is best suited for multiplication

IMPEDANCE:

In quantitative terms,
current in an altemating current (AC) circuit
Eﬂmw&cmmmwwm M
resistance, which has only mnguimda,"ilﬂmﬂa r:ir:uulll ,
(DC), there is no distinction between impedance and resistance; the latter can y,
thought of as impedance with zero phase angle.

Im

i the complex ratio Of the VOIIZEE Lo the
[mpedance extends the concepy
magnitude and phase, unlike
driven with direct cyp,

Ki----=====

R
Where X=Total reactance of the network (Both inductive and capacitive)
R=Resistance of the network in ohm,
#= Phasor angle in degree/Radian.
Note:
L. I @ =0 degree then the load jg purelyResistive,

Il 1f8=-90 degree then the load is purely inductive.(lagging)

M. If =90 degree then the load i purely capacitive. (leading)
Z=RejX
Where Z=impedance of the electrical

Retwork in gl



R=Resistance of the network in olm.
I-chﬂmm of the electrical network in ohm.
Admittanee:

In elecirical engineering, admiltance is a measure of how casily o
chicuit or device will allow a current to flow, It is defined as the inverse of
unpedance. The SI unit of admittance is the siemens (symbul 5).

Admittance is defined as:

Y=1Z
Where

Y is the admittance, measured in siemens
7 is the impedance, measured in ochms

The synonymous unit mho, and the symbol U (an upside-down Uppercase omega
42), are also in COMMON use.

Resistance is a measure of the opposition of a circuit 1o the flow of a steady
current, while impedance takes into account not only the resistance but also
dvnamic effects (known as reactance). Likewise, admittance is not only a measure
of the ease with which a steady current can flow, but alsu the dynamic ellects of

the material's susceptance lo polarization:

Y=G+jB




Where
siemens:
Y is the admittance, measured in

mnﬂ#“ﬁu
G is the conductance, measured p—y
B is the susceptance, mminl
AC Equivalent Circuils H,,..mﬂ

¥y # ¥,

Fropedarces i aorien ke
- - - - .
I-pu-"-uu-luuhu--r# A

fike conductsnces is
Admistasces in series hehave I =ne

- LT d

1. Impedances in series add together to give the equivalent impedance while the

admittance in paralle] add together to give the equivalent admittance,

L. Impedances in parallel gives equivalent impedance by reciprocating the

reciprocal sum of the impedances and to obtain the equivalent admittance in seri
| same procedure has to be followed,

..'*I

|, v(1)=V cos(mt — 8, )
l i1 = 1 cos(wt - ;)




Since the instantaneous power dissipated by a circuit element is given by the
product of the instantaneous voliage and current, it is possible W ubiain u genel

expression for the power dissipated by an AC circuit element:
Py = v(ti{t}=V I cos(wt) cos(wi - 8 )

It can be further simplified with the aid of trigonomctric identities to yicld
plt) =V 2cos(8 ) +V /2 cos(2mt - 8 )

where 0 is the difference in phase between voltage and current
The average power comresponding to the voltage and current signal can be chramed

Hiﬂmﬂwmmummmmwemhﬂmmnmidﬂﬁlﬂﬂiﬂ
T = 2nfw represent one cycle of the sinusoidal signals. Then the average power,

Pav, is given by the integral of the instanianeous power,
pl1), over one cycle:
L gy
== r
n=z ]
1 [rvi lf’ﬂmnu-am
vi_
P“._fmm Average power

since the second integral is equal to zero and cos(8 ) is a constant.







nductive or capacitive Joad and equal 1o 1 for a purely resistive loads in every
it :l&ﬂ-ﬂ'ﬁi’fﬂ'ﬁ the load hes an inductive reacunce, then 0 is positive and g
(or follows) the voltage. Thus, when 0 ond Q are pesitive, the
power factor is termed lagging. Conversely, a capaciiive loud will
e 8 pegative Q, and hence a negative 8. This corresponds 1o a leading power
fﬂﬂmﬂﬂi‘lﬂ’" the load current leads the load voltage.A power factor close 1o
s signifies an efficient transfer of energy from the AC source to the load, while
. <anall power factor corresponds 10 inefficient use of energy Twn eaivalent

essions for the power factor are given in the following:

cupent 1283
.|;|u||.1|:11|'-l:'*‘-“'*di"-i

ehp

P
g:ﬂm:ﬁ Power factor
mﬁuﬁfmmemnhuurﬂfmmgmdcm.

Complex Powet _—~
The expression for the {nstantaneous pow
further insight into AC power. Using trigonometric identities, we obtain the

er may be further expanded to provide
MOES %[ﬁﬂsﬂ -1-.:-::5!1 cos(2ux) & sl sin{e )
= FlI[ﬂmE + cos i coz(2er) + sin A sinf2a1]
olowing expressions: =1 1215086(1 + euslButd) ¥ P2y sia sl
Kecalling the geometric interpretation of the impedance &

03 9= R and
ety sinf =X
=i \ ,,‘-"’f




are the resistive and reactive components
the basis of this fact, it becomes poss oo

o) = PR(1 +eos)) 4 X s 20
= PR+ Rens2ur) 4 I i)

Since Pav corresponds to the power
called the real power, measured in units of Walls
mﬁmﬂf!ﬂﬂﬁwpm_ﬁnmhisumﬁllﬂd“ e
ﬁrqﬂm“-m:mﬁv:_m?ﬁ.ﬂ.ﬂﬂ“mﬂqwm e of
energy between the source and the resctive part of the load; thus, nO net powery
gained or lost in the process, since the average reactive power is zero. In general § ~
is desirable to minimize the reactive power in a load.

a4

['The computation of AC power is greatly simplified by defining a fictitious but vey

N
useful quantity called the complex power, S:

E-@’
R

where the asterisk denotes the complex conjugate Yoy may easily verify that this
definition leads to the convenient expression

write the 1

% il 1 the load resistance, it is aly,
(W). On the other hand, Q taks,
th the load reactance. The LT

S

§=Vicoss +,n'r'fi;i=Fi+jF:r= " _—
or g
Eﬂ F- +I‘ﬂ
e
N
The complex power S may be {

nterpreted ki |
plane iy ¥ & a vector in the complex



Poy
IH-W.F-T
Pﬁ"ﬁﬂlﬂ
O =FTsin @

§
i
L

The magnitude of S, IS1, is measured in units of volt-amperes (VA) and is called
apparent pOwer, because this is the quantity one would compute by measuring the
rms load voltage and currents without regard for the phase angle of the load.The
,9 complex power may also be expressed by the product of the square of the mms
current through the load and the complex load impedance:

S= 'z

PR+ JFA =12

or. equivalenily, by the ratio of the square of the rms vollage aCross the load to the
complex conjugate of the load impedance:

g )
5=-i—. '\




$*=P?+Q"°?
WBlEa ct of rms values of the applied voltage and

* Apparent power, §; is the produ (idle) component

ot circuit current, It is also known as waitless
S=VI=IZx [=PZ volt-amp - is the power which actually dissipated in

L
" the circuit resistance, Tt is also known as wattful component of power.
*Re=l"Zcosd=VI cosd watt n
/Zﬂmmﬂ:- is the power developed in the reactance of the circuit.
%
Q=I"X=1"Zsin®=VIsin® VAR

Example: In a particular R-L series circuit a voltage of 10 V at 50 Hz
produces a current of 700 Ma while the same voltage at 75 Hz produces 500
mA. What are the values of R and L in the circuit.

Ans, i)
Z=VR?+(22x50L) =R *+98606 2

V=IZ or 10=700x Iﬂ"J{R *+98696L2 )

J(R*+98696L7 )=10/700x 10 100/7
or R*+98696L7=10000/49 @
L T R 1



Z=JR"+(meTSle-.\KR’+[221MﬁL’}
10=500x10" /(R *+222066L")
J(R7T+222066L7 )=20
R¥+222066L%*=400... ... . (i)
subtracting eq(i) from eq(ii), we get
222066L%-98696L%=400-(10000/49)

123370L% =196
L=0.0398 H=40mH
Substituting this value of L in eq(ii),we get

R1+222066(0.398) =400

R=6.9 Q
Introduction to resonance in series & parallel circuit
—
Resonance:

Definition: An AC circuit is said to be in resonance when the circuit current 15 1n
phase with the applied voltage. So, the power factor of the circuit becomes unity at
resonance and the impedance of the circuit consists of only resistance.

Series Resonance: In R-L-C series circuit, both X, and Xc are frequency
dependent. If we vary the supply frequency then the vaiues of X, and X¢ vanes. Al
a certain frequency called resonant frequency (f), X becomes equal to Xe and
SE1ES resonance OCCurs,

At seties resonance, X, =X¢
2 L= 17286
f=12miLc
pics- - .ffRLE series circuit is given by:




)

~ X
?.-I-JR"-I- (X, -Xe }‘ {SInan‘:r." ¢

Z=+JR1
Z=R

= | =

cu:q-ﬂ.-
Z

Properties of series resonance:
In serles resonance, s |
The circuit impedance Z is minimum and equal 10 the clir;:::“rﬁmm R,
The Er:l:lﬂ ::u:reut = ViZ=VYIR and the current 18 max
i R

The power dissipated is ﬂ.ﬂ.ﬂﬂul;':: p=V"

frequency is fr = 1/2my |
ﬁ?ﬂ:":‘m hrdinmr is equal and opposite 0 the vulfnge ACT0SS Capaciiy
Since power factor is 1, so zero phase difference. Circuit behaves as a pu,
resistive circuit,

@ & ® @ »

[ ]






A i i it
i - called time constant and %imllﬂi damping coefficient of the cireu
%

1'.'. - ﬂ:‘l(l'ﬂ}J
Emi of self inductance is -L;-LR

If t=A. then i, = Iy e = Te'=ly/e =1/2.718 = 0,37 I,
Hence, tine period of a circuit is the time during which the transicnt ¢
decrease to 0.37 of its initial value,

iyt



4

uency of the eireyiy b) peak current drawny
circuit at 30 Hz and ¢) Peak curpeny drawn by the circuit al resonant rn.'qu;:u.;;h:
Ans.
o, —7L===] - -
u - - 3 5
* 2nJLC 24 300x107%400x10* PR
b) R=50Q

xL=mL=2nx5ﬂH.5[li1D"=] 570
1 1 .
Ke= oC  2xx50x400x10% 9%
X=X, -X c=157-7.9=149.10
Z="R +X? =507 +149.17 =157 260
Peak supply voltage,V, =+/2 V__ =2 (230)=325.26 V

V., 32576
tat50Hz | =—2= =2.068
Hence peak current at 50Hz == 15726
c)Al resonance, Z,=R=500
Vv !

So.peak current during resonance, I = —R‘L*- anzﬁ =6.5025A

Parallel resonance:

Points to remember:

* Net susceptance is zero, i.e 1/Xc =Xy/Z*
Xix Xe =77
Or LiC =72

* The admittance equals conductance :
* Reactive or wattless component of line current is zero
* Dynamic impedance = L/CR Q




is
e Line current at resonance

ith the applied voltage
. ::-wur ﬁ:z of the circuit i unity

If the 3-coil windings W,, W; and W, arranged at 120° apart from each other on
the same axis are rotated, then the emf induced in each of them will have a phase

B o the emf (or current) in one winding (w,) hass
phase of 0°, then the second winding (W2) has a phase of 120° and the third (wy)
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Here, Eg, Ey, Eg are phase voltages and Vgy, Vg, Vg are line voltages

G =



Vie =‘H'E#= +.F.,.= +2E,E, cos6
:-'\iEgi'Fﬂli +EERE'ﬂEﬂT

=3 E

Hence-
. Line voltage =3 x phase voltage
2 Umwﬂ:p{mmm
. L[mvdmuﬂ#lﬁﬂlﬂlzﬂ'm
. Umt'dtagﬁlﬂﬁﬂ’Ihnudufm@acﬁu:phamvn1
. mugjchutwumlin:wlﬂpuﬂlmemmnti!

rages
(30" +P)

meTcuipnwﬂhllﬁmﬂpuﬁH
ﬂlvnilﬂﬂ
{3 Vy I cos®
& is the angle between
*
:hhdmﬂdrm-;mjﬂeﬂﬂ load nf{ﬂ+jﬁ}ﬂp¢rphamis=unnncmd
1o a balanced 3+phaa=dﬂﬂ\" supply. Find the line current, power factor,

power and total volt-amperes.

phase vollage and current




zZ,, =+/8%+6' =100

400
1"",, I=:Er= 231V
231
ph=__='__"23'l A
ph

(ii)p.f=cosd= _,E!.-]—n—q-[l' .8(lag)

ph
(iii)Power P=+/3 VI cos®
=+/3%400%23.1x0.8
=12,800 W [Also,P=31,°R , =3(23. 1)’x8=12,800 W]

(iv)Total volt-amperes,
S=+/3 V, I, =4/3x400x23.1=16,000 VA




I =lg-ly
I, =T, +157 +21, I, c0s60° =12 +1, " +21 1, c0s60° =31,

Hence.
e Line current =v3 phase current

e Line voltage = phase voltage

Line currents are also 120° apart

Line currents are 30° behind the respective phase currents
Angl:hcwmmlimcmmundlinuwlmg:h 30+

Power: Total power = 3 x phase powWer
-:3 I‘i"ﬂ Ipmi¢

=31?Lxllﬂ3!m¢
=3 V. 1 cos®
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Reactive power =v3 Vy I sin®
Apparent power =3 Vi I



