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D.C NETWORKS

1.1 Kirchoff’s Laws:-

1.1.1. Kirchoff’s current law or point law (KCL)

Statement:- In any electrical network, the algebraic sum of the currents
meeting at a point is zero.
YXI=0 ., at a junction or node

Assumption:- Incoming current = positive

Outgoing current = negative
1.1.2. Kirchoff’s voltage law or mesh law (KVL)

Statement:- The algebraic sum of the products of currents and resistances in
each of the conductors in any closed path (or mesh) in a network plus the
algebraic sum of the emfs in that path is zero.

YIR+Xemf =0 ...cooeiiiiiiiiii, round the mesh

Assumption:- 1) Rise in voltage (If we go from negative terminal of the
battery to positive terminal) = positive

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

111) If we go through the resistor in the same direction as current then there is
a fall in potential. Hence this voltage is taken as negative.

1v)If we go through the resistor against the direction of current then there is a
rise in potential. Hence this voltage drop is taken as positive.



Example:- Write the loop equation for the given circuit below
(Supplementary exam 2004)
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Solution: Apply KVL to the loop,

—in—E —-ir,+E,—-ir,—E; =0
= E, —E,+E;, =—ir, —ir, —ir,

= E, —-E,+E,=—i(r,+r,+r;)

1.2. MAXWELL’S LOOP CURRENT METHOD (MESH ANALYSIS)

Statement:- This method determines branch currents and voltages across the
elements of a network. The following process is followed in this method:-

e Here, instead of taking branch currents (as in Kirchoff’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 are the same as for
Kirchoff’s law.

e This method is easier if all the sources are given as voltage sources. If there
1s 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 I; and
I, are the mesh currents of two meshes directed in clockwise.

R1 R2

A\

Apply KVL to mesh-1,
V,-IiR,- (11'12 )R3 =0
Apply KVL to mesh-2,
'Isz'Vz'(Iz 'Il)R3=O

When we consider mesh-1, the current I, is greater than I,. So, current through
Rj is I;-I,. Similarly, when we consider mesh-2, the current I, is greater than I;.
So, current through R3 is I, — I;.

Example: Find I, I; and I; in the network shown in Fig below using loop
current method
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Solution:- For mesh ABCDA,



-1,x10-(I,-1,)x20-10=0
= 31,-21,=-1 (1)

For mesh BEFCB,

40-1,%20+10-(1,-1,)x10-(I,-I,)x20=0
= 21,-51,+1,=-5 (2)

For mesh EGHFE,
101, +50 - (1, -1,)x10—-10 =0
= 1,-21,=-4 (3)
Equation (2) x 2 + Equation (3)
41,-91,=-14 (4)
Solving eq" (1) & eq" (4)
L[ =1A, L=2A, ;=3A
1.3. NODAL ANALYSIS

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

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

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



* The number of simultaneous equations to be solved becomes (n-1) where ‘n’
is the number of independent nodes.

Explanation:-
i Ri 5 2 Rz
AN ne md'A'A m—
*'3
E 1+ —1 £
I §E3 — E2

At node ‘a’ L+, =1,

Therefore, 1 1 1 . E, 0
’ Rl RZ R% Rl R2 -
1 1 1] E E
or, Va _—t—— L -2 =0
Rl R2 R3 Rl R2

or, Va i+i+i _ﬂ_izo
_Rl R2 R3_ R1 Rz

Hence,

* 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 to this node
multiplied by conductance of this branch). This term is negative.



Example:- Use nodal analysis to find currents in the different branches of the
circuit shown below.

(Supplementary Exam July- 2004)
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Solution:-

Let V| and V, are the voltages of two nodes as shown in Fig below

20 Vi 30 V., 40Q
MN »‘4 MN NN

§1Q

mn

12V =

250

Applying KCL to node-1, we get

12-V, 0-V, V,-V, _
2 1 3

= 363V, -6V, +2V, -2V, =0

= 11V, + 2V, = 36..cccconn... (1)

0

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



V-V, 0-V, 6-V,
3 5 4
= 20V, — 47V, +90 =0
— 20V, =47V, = =90...cc..c...... (2)

Solving Eq (1) and (2) we get V; =3.924 Volt and V, = 3.584 volt

Current through 2 Q resistance = 12;/1 = 12-3.924 =4.038A
Current through 1 Q resistance = ¥=‘3~924 A

Current through 3 Q resistance = MY, =0.1133A

Current through 5 Q resistance = O_% =-0.7168 A

Current through 4 Q resistance = % =0.604 A

As currents through 1Q and 5Q are negative, so actually their directions are
opposite to the assumptions.

1.4. STAR-DELTA CONVERSION

Need:- Complicated networks can be simplified by successively replacing delta
mesh to 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.
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Fig. 1.4.1.

a) Delta connection

b) Star connection

1.4.1. Delta to Star Conversion:- From Fig. 1.4.1 (a), A : Between A & B,

there are two parallel path.

Resistance between terminal A & B =

R,p (RBC +RCA)
Ryz+R,-+R.,

From Fig. 1.4.1 (b), STAR: Between A & B two series resistances are
there R, + Rg. So, terminal resistances have to be the same.

R 5 (RBC + RCA)

R, +R, = —M————— ... 1
! ? RAB + RBC + RCA ( )
R R.. +R
R, + R, = s (Rey ) (2)
RAB + RBC + RCA
R R,.+R
R.+R, = ca (R se) (3)
RAB + RBC + RCA
Eq {(1)-(2)}+(3) & Solving,-
— RAB ><IQCA (4)
T e
RAB + RBC + RCA
R,.XR
B = AB B (5)

RAB + RBC + RCA



Easy way to remember:-
Product of two adjacent arms of delta

Any armof star connection =
sumof arms of delta

1.4.2. Star to Delta conversion
Eq {(1) X (2)}+(2) X (3)+ (3) X (1) & Simplifying,-
RiRy + RsRe + RRy _pyp | RuR,

R =
AB B RC

R,

R , R
RBC=RB+RC+%

A
R C R A
R B
Easy way to remember:- Resistance between two terminals of delta = sum of star
resistance connected to those terminals + product of the same to resistance

divided by the third resistance.



Example(delta to star):- Convert the following Delta Resistive Network into an equivalent

Star Network.
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NETWORK THEOREMS

e SUPERPOSITION THEOREM

e THEVENIN’S THEOREM

e NORTON’S THEOREM

e MAXIMUM POWER TRANSFER THEOREM

1. Superposition theorem
Statement:- In a network of linear resistances containing more than one

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 generators replaced for the time being
by resistances equal to their internal resistance.




Example:- By means of superposition theorem, calculate the currents in the
network shown.
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Step 1. Considering 10 V battery

I1b |2b

10V
R - 2x18 1 _ 30
d 2 +18
i, = 2% _ 3574
2.8
[, =3.57x-5 _3214A
20



Step 2. Considering 20 V battery

l1¢
- 1| <|2°
3c
§1Q 18 Q gzo
== v
R = 1X18 5950
d 1+18
I, = 2% _678A
2.95
I, :6.78x%§—:6.42A
I,, =1,. - 1I,. = 0.36A

Step 3. Results

I, =1, -1, =3.57-6.42=-2.85A
=1, -1, =6.78-321=3.57A
I, =1, +I, =0.36+0.36 = 0.72A

2. SOURCE CONVERSION:-
Statement: A voltage source (V) with a series resistance (R) can be
converted to a current source (I=V/R) with a parallel resistance (R) and vice-
versa.




Proof:-

\Y%
[ =——— §))
%X +Ry,
[ =1—%— 2)
Ry +Ry
From Eq. (1) & (2)
V =1IRy (3)

« STATEMENT: The two circuits are said to be electrically equivalent if they
supply equal load currents with the same resistance connected across their
terminals.

* voltage source having a voltage V and source resistance Rx can be replaced
by I(= V/Rx) and a source resistance Rx in parallel with current source.

* Current source I and source resistance Rx can be replaced by a voltage
source V (=IRx) and a source resistance Rx in series with V.

3. THEVENIN’S THEOREM:-
Statement:- Any pair of terminals AB of a linear active network may be

replaced by an equivalent voltage source in series with an equivalent



resistance R;,. The value of V,, (called the Thevenin’s voltage) is equal to
potential difference between the terminals AB when they are open circuited,
and R, is the equivalent resistance looking into the network at AB with the
independent active sources set to zero i.e with all the independent voltage
sources short-circuited and all the independent current sources open-
circuited.

Example:- Find Vx by first finding Vg and Ry to the left of A-B

12Q 1Q
AN AN ——

30v () 6Q 3 203 Vx

=[

Solution:- stepl. First remove everything to the right of A-B.

12Q 4Q
A A\ —e—

30v(*) 6Q 3

| V- —

v, = B0 _ ov
6+12

Notice that there is no current flowing in the 4 € resistor (A-B) is open. Thus
there can be no voltage across the resistor.

Step 2. To find Ry,

We now deactivate the sources to the left of A-B and find the resistance seen
looking in these terminals.



12Q 4Q
— A AN —o—

6Q 3

Rmy= 1216 + 4 = 8Q
Step 3. To find V,

After having found the Thevenin circuit, we connect this to the load in order to
find Vx.

NN .
8 Q +
VTHCi 10V 2Q§Vx
2
_(02)
2+8

4. NORTON’S THEOREM:
Statement: Any two terminal linear active network (containing independent

voltage and current sources), may be replaced by a constant current source
Iy in parallel with a resistance Ry, where Iy 1s the current flowing through a
short circuit placed across the terminals and Ry is the equivalent resistance
of the network as seen from the two terminals with all sources replaced by
their internal resistance.



Example: Find the Norton equivalent circuit to the left of terminals A-B for
the network shown below. Connect the Norton equivalent circuit to the load
and find the current in the 50 Q resistor.
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() sov §609 509§

Solution: .
B
@ 10 A
20 Q 40 Q
AYAVAY AYAVAY
+)Y50V
C § 60 Q Lo §

Fig. Circuit to find InorTon

1,=10.7A
It can also be shown that by deactivating the sources,We find the resistance
looking into terminals A-B is Ry =55 Q
Ry and Ry will always be the same value for a given circuit. The Norton
equivalent circuit tied to the load is shown below.

|
107 A CD Sse  Ssa




5. MAXIMUM POWER TRANSFER THEOREM:
« Statement: For any power source, the maximum power transferred from the

power source to the load i1s when the resistance of the load Ry is equal to the
equivalent or input resistance of the power source (R;, = Ry, or Ry).
* The process used to make Ry = R, is called impedance matching.

Explanation:

Ry

? >

B
L
— VTH
Ry +tR,
P =I'R, =—VmRi_
- " Ry +R)

For P, to be maximum, dby =0
L

Or,R, =Ry
VTHZRL — VTH2
(R,)" 4R,

So, Maximum power drawn by R, =I’R, =

2
TH

Power supplied by the source=———
(RTH + RL )



TRANSIENTS

Statement: Sudden change in electrical circuit.

* Amplitude dies out and frequency is more
* 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 to
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

e Transient currents are not driven by any part of the applied voltage but
are entirely associated with changes in the stored energy in inductors and
capacitors.

¢ Since there is no stored energy in resistors, there are no transients in pure
resistive circuit.

Transient in R-L Series circuit:-

L

YR

AL;]

V T 2

When Switch ‘S’ is connected to ‘1°,






| =

%z%is called time constant and %is called damping coefficient of the circuit

-t
V, =iR=V(1-eﬁ]

Emf of self inductance is -L? =1R
t

If t=\, then i, = Iy e = [,e'=Iy/e =1,/2.718 = 0.37 1,

Hence, time period of a circuit is the time during which the transient current
decrease to 0.37 of its initial value.

Transient in R-C Series Circuit:

Consider an ac circuit containing a resistor of resistance R ohms and a capacitor of
capacitance C farad across an a.c source of rms voltage V volts as shown in Fig.
below:-



S R
1
vV T 2
Charging of RC
V=V, + V,

When switch is connected to ‘1’ (charging):-
V=V, +V,
V:1R+l—ﬁdt

C

di 1
+
dt C

1% | 7A—
K = —;S80,i = —eRC
R R
-t -t
Ve, =iR =1I,e" R =Ver
1 1 -t
V = —lidt = — | I,e 7
c C,[ C{O
1 -t 1 Vv
Vv = —1,(-71 — | = ——(-RC
R SR I R

<
o
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|
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rms
Resistor

Re

Discharging of RC

When connected to ‘2’ in the Fig. above,

Ri+ 1—jidz=0
C
dt C
i = KeRC

.=V . , Lo Sy .. N
Att=0;i= by (voltage across capacitor starts discharging in opposite direction to the original current direction)

-t -t
P RC — T
1=-I,e =-I,e




Transient in R-L-C Series Circuit

i R
— O
+
E(f) E_ —:‘ C
EEE'S
L

e Two types of energy:- Electromagnetic and electrostatic. So any sudden
change in the conditions of the circuit involves redistribution of these two
energies.

¢ Transient current produced due to this redistribution may be unidirectional
and decaying oscillatory.

From the above Fig,

iR+L £+ 1—jidt=V
dt C
. 2. .
R 4L, 4 L+ L=0
dt dt C
2. .
d-i R di 1 =0

—t+ ——+
dt> L dt LC
_ -bx~/b?-4ac

2a
2

R, [[RY 4

L \lL LC
2

_R R Y 1
crp-e R
2L 2L LC

2

axf

2L 2L LC



Solution of differential equation is:-

i=K, e +K ,e""

Roots are:0+B=P,;a-p=P,

K, &K, dependson boundary condition

Case 1: High loss circuit:- [Ej — e Overdamped
2L) " LC
In this case, [ is positive real quantity. Hence P; and P, are real but unequal.
i=K ;e """ +K ,e "2
i= K, e ) 4 K, )
[ = Kleo”eﬂt + Kzeate—ﬂt

i = e [Kleﬂ’ + Kze"ﬂt}
The expression of ‘1’ is over damped transient non-oscillatory current.

CASE 2:- Low-loss circuit: (%)2 <L—1C i.e Underdamped

In this case, P is imaginary. Hence roots are complex conjugate
P=a+jf;P,=a-jp

i=K, e+ K,e™

j = Kle(a+j,3)t + Kze(a—jﬁ)’

i = Kle“’ejﬂ’ + Kzeme_jﬂt

i=e” [Klejﬂ’ + Kze_jﬂ’]

The expression of ‘1’ is damped oscillatory

CASE 3: [ij _ L e Critical damping
2L LC

In this case 3 =0, Hence roots P; & P, are real and equal.



P,=a+0=0a;P,=0-0=qa

i=K e +K ,te™

The above expression is of critical damping because current is reduced to almost

zero in the shortest possible time.

i
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Example: A coil having a resistance of 2€2 and an inductance of 1 H is switched
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=2Q,L=1H, V=10V
Time constant (T) = L/R=1/2=0.5 sec

Steady current = V/R = 10/2=5 A



SINGLE PHASE A.C CIRCUIT

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 upon
1) No. of turns in the coil 2) field strength 3) speed

Equation of alternating voltage and current

IRRREN | | |
A==t I+“]I'i |

N= No. of turns in a coil

& = Maximum flux when coil coincides with X-axis

o= angular speed (rad/sec) = 2xf

At =0, ®= flux component _L to the plane =®,, cos mt

According to the Faraday’s law of electromagnetic induction,

e=-N d—(Pz-N %(meOSO)t=O)N(pmSiI’IO)t ............ (1)

dt
Now, e is maximum value of E,, , when Sin® = Sin 90° = 1.

LeEn=ON®,, .o (2)



From Eq" (1) & (2), e = E,, Sin @t  volt

Now, current (1) at any time in the coil is proportional to the induced emf (e) in the
coil. Hence, 1 = I;, Sin ot amp

A.C terms:

e C(Cycle:- A complete set of positive and negative values of an alternating
quantity is known as cycle.

N
Y

L L :
Ly

¢ Time period: The time taken by an alternating quantity to complete one
cycle is called time T.

¢ Frequency: It is the number of cycles that occur in one second. f = 1/T
f = PN/120 where, P= No. of poles, N= Speed in rpm

e Waveform: A curve which shows the variation of voltage and current w.r.t
time or rotation.



e Phase & Phase difference:

B

A

SN 1ﬁﬂ‘umv

e, = E_ ,Sinot
In phase: e; = E_pSinot

B

Out of phase: 1) B leads A
B A

# £,= e &ifl g, 1

! N rd

Gy==C,, 5in{m L+ §)

e, = E_Sinot

Phase difference ®. e, = E_.Sin(ot+a)

ii) A leads B or B lags A

e, = E_Sinot

ez = E_Sin(ot-o)



Root mean Square (RMS) or effective or virtual value of A.C:-

Current

2 2 2
1,7+, +.. :
| . =\/ L= “—=Square root of the mean of square of theinstantaneous currents

e [t is the square root of the average values of square of the alternating
quantity over a time period.

1.,
Irms—\/;!;l (ot)d (wt)

Average Value (or mean value):

e [t is the arithmetic sum of all the instantaneous values divided by the number
of values used to obtain the sum

av

Iavz%ii(mtﬁ(wt)

Form factor (Ky):- is the ratio of rms value to average value of an alternating
quantity. (K¢ = IL,/1Lay)

Peak factor (K,) or crest factor:- is the ratio of peak (or maximum) value to the
rms value of alternating quantity (Ka = I,/ Lims)




Example: An alternating current varying sinusoidally with a frequency of 50 Hz
has an RMS value of 20 A. Write down the equation for the instantaneous value
and find this value a) 0.0025 sec b) 0.0125 sec after passing through a positive
maximum value. At what time, measured from a positive maximum value, will the
instantaneous current be 14.14 A?

I =20/2=28.2A

ADS: 2 rx50=1007 rad/s

The equation of the sinusoidal current wave with reference to point O as zero time
point is
1= 28.2 sin 1007t Ampere

Since time values are given from point A where voltage has positive and maximum
value, the equation may itself be referred to point A. In this case, equation becomes

1= 28.2 cos 1007t

1) When t=0.0025 second

1=28.2 cos 100w X 0.0025 ............. angle in radian
=28.2 cos 100 X 180 X 0.0025 ............. angle in degrees
=282c0s45°=20A ..o point B

1)  When t=0.0125 sec
1=28.2 cos 100 X 180 X 0.0125
=28.2 cos 225° =28.2 X (-112)
=-20A point C



1) Here i=14.14 A
14.14 =282 COS 100 X 180 t
Cos 100 X 180t="12

Or, 100 X 180 t = cos'(1/2) = 60°, t=1/300 s€C .............. point D

Phasor & Phasor diagram:

A p ¢=E 5mn ot
Mf"‘x

angle

Phasor: Alternating quantities are vector (i.e 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 rotating at
a constant angular velocity

Phasor diagram: is one in which different alternating quantities of the same

frequency are represented by phasors with their correct phase relationship

Points to remember:

The angle between two phasors is the phase difference
Reference phasor is drawn horizontally

Phasors are drawn to represent rms values

Phasors are assumed to rotate in anticlockwise direction

M e

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



A.C through pure ohmic resistance only

: . VoV, :
v=iR ori= —=—"sinot(in phase)

A.C through pure inductance only

wo= W sim ol
5 —
ll \ = 1 sin i - 2
I/ A X
o / \ :
! -3 \ /
=5 /
‘:,'r' S
vi= I sin
v=L ﬂszsinmt
dt

Voo
i= —[sinot
L

. V_
I=-—=-cosmt
ol

i=1_sin ((Dt- %j (currentlagsby90")

oL=2nfL=X, =inductive reactance(in Q)



A.C through pure Capacitance only

h -, v = Bosin it

}l%@* : | . /\
T \X/

ve I wim Wt L I Tt (14 /2

i=c Y _c L (v _Sinot)
dt  dt

=0wCV _cosot

:wCVmsin(leJ: Vo sin | o t+ —
2 1 2
oC

=I_sin (mt+ %j (currentleadsby 90°)

L:XC:
oC 2nfC

=capacitive reactance (in Q)

‘i’ operator: ] is a operator which rotates a vector by 90° in anticlockwise
direction

j=-1ij=v-1

Note: ‘1’ is used for current hence ‘j’ is used to avoid confusion

Mathematical representation of vectors:

1. Rectangular or Cartesian form:- V = a + jb

2. Polar form: V=VZ£x6

3. Trignometrical form: V =V (cos@+ jsin)

4. Exponential form: V. = Ve */°



Note: rectangular form is best suited for addition and subtraction & polar
form is best suited for multiplication and division

IMPEDANCE:

In quantitative terms, it is the complex ratio of the voltage to the
current in an alternating current (AC) circuit. Impedance extends the concept of
resistance to AC circuits, and possesses both magnitude and phase, unlike
resistance, which has only magnitude. When a circuit is driven with direct current
(DC), there is no distinction between impedance and resistance; the latter can be

thought of as impedance with zero phase angle.

¢ Im

X- ___________

Re

R

Where X=Total reactance of the network (Both inductive and capacitive)

R=Resistance of the network in ohm.

0= Phasor angle in degree/Radian.
Note:

I. If 8 =0 degree then the load is purelyResistive.
II. If 6=-90 degree then the load is purely inductive.(lagging)
III.  If =90 degree then the load is purely capacitive.(leading)

Z=R+jX

Where Z=impedance of the electrical network in ohm.



R=Resistance of the network in ohm.
X=Reactance of the electrical network in ohm.
Admittance:
In electrical engineering, admittance is a measure of how easily a
circuit or device will allow a current to flow. It is defined as the inverse of
impedance. The SI unit of admittance is the siemens (symbol S).

Admittance is defined as:

Y=1/Z
Where

Y is the admittance, measured in siemens

Z 1s the impedance, measured in ohms

The synonymous unit mho, and the symbol U (an upside-down uppercase omega

QQ), are also in common use.

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

the material's susceptance to polarization:

Y=G+)B



Where
Y is the admittance, measured in siemens.
G 1s the conductance, measured in siemens.
B is the susceptance, measured in siemens.

AC Equivalent Circuits:

Impedances in series add: Admittances in parallel add:
Z| Z: }.', T }.'3 }ll ) )
o H o —~ o fo o7 —° ==
Impedances in parallel behave like resistors in parallel:

1 ¥

7 11 Admittances in series behave like conductances in series:
=1

7, 7, 1
—~  o— - _ , 1.1
}| }] ll ’

. 4 +H o — o+ o

4

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

2. Impedances in parallel gives equivalent impedance by reciprocating the
reciprocal sum of the impedances and to obtain the equivalent admittance in series
same procedure has to be followed.

Instantaneous and Average Power

The most general expressions for the voltage and current delivered to an arbitrary

load are as follows:
v(t) = V cos(mt — Oy )

i(t) =1 cos(mt — 0;)



Since the instantaneous power dissipated by a circuit element is given by the
product of the instantaneous voltage and current, it is possible to obtain a general

expression for the power dissipated by an AC circuit element:

p(t) = v(t)i(t)=V I cos(wt) cos(owt — 0 )

It can be further simplified with the aid of trigonometric identities to yield
p(t) =V 1/2c0s(0 ) +V 1I/2 cosQwt — 0)

where 0 is the difference in phase between voltage and current

The average power corresponding to the voltage and current signal can be obtained
by integrating the instantaneous power over one cycle of the sinusoidal signal. Let
T = 2n/w represent one cycle of the sinusoidal signals. Then the average power,

Pav, is given by the integral of the instantaneous power,

p(t), over one cycle:

o
Pi=— f pl(t) dt
T Jo

1 ¥l I [*vi
= — f — cos(f) dr + —[ — cos(2wr — ) dt
'Jy Tty 2

=

Py = = cos(f) Average power

since the second integral is equal to zero and cos(0 ) is a constant.



Instantaneous and average power

— Instantaneous power

0.8 — Awerage power,

0.6
= 0.4 ll,

= 0.2
0
—0.2
—0.4

0 0.02 004 0,06 008 0.1
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In phasor notation, the current and voltage are given by

V(jw) = Vel
I(jw) = Ie™*®

impedance of the circuit elementdefined by the phasor voltage and currentto be

¥F= ‘: —j(e) _ ‘Z]E’IH’

The expression for the average power using phasor notation

1 V2 5
P, = ——cosf = —I'|Z|cosﬂ
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Power Factor

The phase angle of the load impedance plays a very important role in the
absorption of power by load impedance. The average power dissipated by an AC
load is dependent on the cosine of the angle of the impedance. To recognize the
importance of this factor in AC power computations, the term cos(0 ) is referred to

as the power factor (pf). Note that the power factor is equal to O for a purely



inductive or capacitive load and equal to 1 for a purely resistive load; in every
other case,0<pf<1.If the load has an inductive reactance, then 0 is positive and the
current lags (or follows) the voltage. Thus, when 6 and Q are positive, the
corresponding power factor is termed lagging. Conversely, a capacitive load will
have a negative Q, and hence a negative 0. This corresponds to a leading power
factor, meaning that the load current leads the load voltage.A power factor close to
unity signifies an efficient transfer of energy from the AC source to the load, while
a small power factor corresponds to inefficient use of energy .Two equivalent

expressions for the power factor are given in the following:

L

dY

pf = cos(F) = 7 Power factor

-t

where V and [ are the rms values of the load voltage and current.

Complex Power

The expression for the instantaneous power may be further expanded to provide

further insight into AC power. Using trigonometric identities, we obtain the

o

pt) = E [cos @ + cos 6 cos(2wt) + siné sin(2wt) ]
— f2|Z|[cosH + cos & cos(2wt) + sinf sin(2ewt )|

following expressions: = F|Z| cosB(1 4 cos(2wt)) + I*|Z] sin 8 sin(2ewt)

Recalling the geometric interpretation of the impedance Z

|ZI cos 6 =R and |Zlsin 6 = X



are the resistive and reactive components of the load impedance, respectively. On

the basis of this fact, it becomes possible to write the instantaneous power as:

pit) = PR +cos( ) + X sin(2er)
= PR+ I*Reos(Q0r) + 1K sin(er)

Since Pav corresponds to the power absorbed by the load resistance, it is also
called the real power, measured in units of watts (W). On the other hand, Q takes
the name of reactive power, since it is associated with the load reactance. The units
of Q are volt-amperes reactive, or VAR. Note that Q represents an exchange of
energy between the source and the reactive part of the load; thus, no net power is
gained or lost in the process, since the average reactive power is zero. In general, it

1s desirable to minimize the reactive power in a load.
The computation of AC power is greatly simplified by defining a fictitious but very
useful quantity called the complex power, S:

=%

where the asterisk denotes the complex conjugate You may easily verify that this

definition leads to the convenient expression

S=VIcosd + jVisind =I’R+ jI’X = I’Z
or

3 = Pa\'+‘f.Q

The complex power S may be interpreted graphically as a vector in the complex S

plane



o

——

15| =VPp2 + P =¥-1
Pa,,.=ih’?ms o

O =FTsin©

The magnitude of S, ISI, 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
complex power may also be expressed by the product of the square of the rms

current through the load and the complex load impedance:

§=1I’Z
Qr

PR+ jPXx=1PZ

or, equivalently, by the ratio of the square of the rms voltage across the load to the

complex conjugate of the load impedance:

Ve
Z*



Active, Reactive and Apparent Power

Fig. Power Triangle

S 2 — P 2 + Q 2
S=P+;0Q

e Apparent power, S: is the product of rms values of the applied voltage and
circuit current. It is also known as wattless (idle) component
S=VI=IZx I=I’Z  volt-amp

e Active power or true power, P: is the power which actually dissipated in
the circuit resistance. It is also known as wattful component of power.
P=I"R=I"Zcos®=VI cos® watt

e Reactive power, Q:- is the power developed in the reactance of the circuit.
Q=I’X=I"Zsin®d=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. 1)

Z=+R?+(2nx50L) =+/R*>+98696L>

V=1Zor 10=700x107 /(R >+98696L* )

\/(R >+98696L )=10/700x107°=100/7
or R*?+98696L*=10000/49.............. (i)



i1) In the second case

Z=\R*+ (2nx75L) = R >+ (222066L° )

10=500x107 /(R >+222066L" )

,J(R2+222066L2)=20
R?+222066L*=400................ (ii)
subtracting eq (1) 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
R>+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 is in
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 X¢ are frequency
dependent. If we vary the supply frequency then the values of X; and Xc varies. At
a certain frequency called resonant frequency (f;), X; becomes equal to Xc and
series resonance occurs.

At series resonance, X; =Xc
2nf L=1/2xnf.C
f=1/2m/LC

Impedance of RLC series circuit is given by:



Z=\JR*+(X,-X.)’  (Since,X,=X,)

Z=+R"?
Z=R

R R
CoSp=—=—=

R
Properties of series resonance:-
In series resonance,

® The circuit impedance Z is minimum and equal to the circuit resistance R.

e The circuit current I= V/Z = V/R and the current is maximum

e The power dissipated is maximum, P=V*R

e Resonant frequency is fr = 1/2mVLC

e Voltage across inductor is equal and opposite to the voltage across capacitor

¢ Since power factor is 1, so zero phase difference. Circuit behaves as a purely
resistive circuit.



Example: A series RLC circuit having a resistance of 50€, an inductance of
500 mH and a capacitance of 400 uF, is energized from a 50 Hz, 230 V, AC
supply. Find a) resonant frequency of the circuit b) peak current drawn by the
circuit at 50 Hz and c¢) peak current drawn by the circuit at resonant frequency

Ans.

a)f, = L _ ! =11.25 Hz
" 2nJLC  27/500x10°x400x 10

b) R=50Q

X, =oL=27x50x500x107=157Q

1 1

 wC  21x50%400%x10°
X=X, -X .=157-7.9=149.1Q

=7.9Q

C

Z=+R>+X>=+/50>+149.1> =157.26Q
Peak supply voltage,V, =~/2 V. =+/2 (230)=325.26 V

\Y% .

Hence peak current at S0Hz I =—-= 325.26 =2.068
Z 157.26

c)At resonance, Z,=R=50Q

V, 325.26

m

=6.5025A

So,peak current during resonance, I =

Parallel resonance:
Points to remember:
e Net susceptance is zero, i.e 1/X¢ =X,/Z?
Xy x Xc =77
Or L/C =77

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



e Line current at resonance is minimum and V/L/CR but is in phase
with the applied voltage
e Power factor of the circuit is unity

THREE PHASE AC CIRCUIT

Three phase EMF Generation:-

EM.1

If the 3-coil windings W, W, and W3 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
difference of 120°. In other words if the emf (or current) in one winding (w;) has a
phase of 0°, then the second winding (w,) has a phase of 120° and the third (ws)
has a phase of 240°.



Star (Y) connection:-




Phasor diagram:-

Here, Eg, Ey, Ep are phase voltages and Vry, Vyg, Vgr are line voltages



Voy =+ Ex +EY +2E,E, cos60
=E+Ez +2E E, cos&

3E,

Hence,

e Line voltage =\3 x phase voltage

e Line current = phase current

e Line voltages are also 120° apart

e Line voltage are 30° ahead of respective phase voltages

e The angle between line voltage and line current is (30°+®)

Power: Total power = 3 x phase power

=3 X Vpn X I pp X cosP

=\3 V| I} cos®

@ is the angle between phase voltage and current

Example: A balanced star connected load of (8+j6)Q2 per phase is connected
to a balanced 3-phase 400 V supply. Find the line current, power factor,
power and total volt-amperes.

Ans.

—--"E]
P

B
-
—_—




Z, =8 +6> =10Q

p

4
V,, = %= 231V

\Y4
I,=—tr= 21 2314

Z, 10
(i) I,=I,=23.1A

R 8

ii)p.f=cos®=—"="-0.8(la
(11)p Z, 10 (lag)

(iii)Power P=~/3 V, I, cos®

=/3x400%23.1x0.8

=12,800 W [Also,P=31 °R ; =3(23.1)*x8=12,800 W]
(iv)Total volt-amperes,

S=+/3 V, 1, =+/3x400%23.1=16,000 VA

Delta-connection:

(e =1} |




(yig)
Fig. Phasor Diagram

I, =l -1,
I, =T 2 +1,% 21, 1,c0s60° =T, > +1, > +21, I, cos60° =+/31,

Hence,
e Line current =\3 phase current
¢ Line voltage = phase voltage
e Line currents are also 120° apart
¢ Line currents are 30° behind the respective phase currents
® Angle between line current and line voltage is 30°+®

Power: Total power = 3 x phase power
=3 X Vpp I cos®
=3 x VL x [/N3 x cos®
=3 VLI, cos®

Note: For both star and delta system:



Active & True power = V3 VL I cosd
Reactive power =3 VL I sin®
Apparent power =\3 Vi I,
MODULE-II

Magnetic Circuits:

The Magnetic Field and Faraday’s Law:

Magnetic fields are generated by electric charge in motion, and their effect is
measuredbytheforcetheyexertonamovingcharge. Asyoumayrecallfromprevious
physics courses, the vector force f exerted on a charge of ¢ moving at velocity u in

the presence of a magnetic field with flux density B is given by

f =quxB

Where the symbol x denotes the (vector) cross product. If the charge is moving at a
velocity u in a direction that makes an angle 0 with the magnetic field, then the

magnitude of the force is given by

f = quBsin 6

and the direction of this force is at right angles with the plane formed by the

vectors B and u.



The magnetic flux ¢ is then defined as the integral of the flux density over some

surface area.

¢ =[ BdA in webers
—=@¢=BA

Faraday’s law states that a time-varying flux causes an induced electromotive

force, or emf

_d¢
dt

In practical applications, the size of the voltages induced by the changing magnetic
field can be significantly increased if the conducting wire is coiled many times
around, so as to multiply the area crossed by the magnetic flux lines many times

over. For an N-turn coil with cross-sectional area A, for example, we have the emf



When N-turn coil linking a certain amount of magnetic flux, then the flux linkage

A=N¢

dA
= e=—
dt

The relation between flux linkage and current is gven by A= Li

so that the effect of a time-varying current was to induce a transformer voltage

across an inductor coil, according to the expressiony = L%
t

L is the self-inductance which measures the voltage induced in a circuit by

magnetic field generated by a current flowing in the same circuit.



Self and mutual Inductance:

M
s
I ! V)
Li I
L /,M‘\
+e =
'fl (—-—) 1'1 g E ‘I':
= o+
Ly L

The figure shown above depicts a pair of coils one of which, L, is excited by a
currentiand therefore develops a magnetic field and a resulting induced voltage v, .
The second coil, L,, is not energized by a current, but links some of the flux

generated by currenti around ; because of its close proximity to the first coil. The

magnetic coupling between the coils established by virtue of their proximity is

described by a quantity called mutual inductance and defined by the symbol M.

The mutual inductance is defined by the equation



oy
dt

The dots shown in the two drawings indicate the polarity of the coupling between
the coils. If the dots are at the same end of the coils, the voltage induced in coil 2
by a current in coil 1 has the same polarity as the voltage induced by the same
current in coil 1; otherwise, the voltages are in opposition, as shown in the lower
part of Figure. Thus, the presence of such dots indicates that magnetic coupling is
present between two coils. It should also be pointed out that if a current (and
therefore a magnetic field) were present in the second coil, an additional voltage
would be induced across coil 1. The voltage induced across a coil is, in general,

equal to the sum of the voltages induced by self-inductance and mutual inductance.

As already discussed v = L% with L constant
t

thene =N ﬂ
dt

the inductance is given by = N_¢ -
1

A
i

This expression implies that the relationship between current and flux in a
magnetic structure is linear, but due to the properties of ferromagnetic materials the

flux-current relationship is nonlinear.



Ampere’s Law:

Ampere’s law forms a counter part to Faraday’s law. Both the laws explains the
relationship between electricity and magnetism. Ampere’s law states that the
magnetic field intensity H in the vicinity of a conductor is related to the current
carried by the conductor; thus Ampere’s law establishes a dual relationship with

Faraday’s law.

In the previous section, we described the magnetic field in terms of its flux density
Band flux ¢. To explain Ampere’s law and the behaviour of magnetic materials, we
need to define a relationship between the magnetic field intensity H and the flux

density B. These quantities are related by
B = pH = ppuoHWb/m* or T

where the parameter p is a scalar constant for a particular physical medium which
is the permeability of the medium. The permeability of a material can be factored
as the product of the permeability of freespacep, = 4nx10—7 H/m, and the relative
permeability p,, which varies greatly according to the medium.7 H/m, and the
relative permeability p, which varies greatly according to the medium. For
example, for air and for most electrical conductors and insulators, L, is equal to 1.
For ferromagnetic materials, i, can take values in the hundreds or thousands. The

size of u, represents a measure of the magnetic properties of the material.



Ampere’s law states that the integral of the vector magnetic field intensity H

around a closed path is equal to the total current linked by the closed path i:

fHa=Yi

where dl is an increment in the direction of the closed path. If the path is in the
same direction as the direction of the magnetic field, we can use scalar quantities to

state that

[Hal =7

Direction of the magnetic field intensity H is determined by the familiar right-hand
rule. This rule states that if the direction of current i points in the direction of the
thumb of one’s right hand, the resulting magnetic field encircles the conductor in

the direction in which the other four fingers would encircle it.

By the right-hand rule, the
current, §, generates a magnetic
field intensity, H, in the direction
shown




Therefore for the closed-path integral becomes equal to H - 2xr, since the path and
the magnetic field are in the same direction, and the magnitude of the magnetic

field intensity is given by

H = {
27y

Magnetic circuit:

To analyse the operation of electromagnetic devices the approximation is taken
that a mean path for the magnetic flux and that the corresponding mean flux
density is approximately constant over the cross-sectional area of the magnetic

structure. When a coil is wound around a core with cross-sectional area A will

have flux density as B = %, where area is assumed to be perpendicular to the

X3
Au

direction of the flux lines. The field intensity obtained to be H =

® ™

mmf of the coil can be represented by the product of magnetic field intensity and

the length of the magnetic field

F=Ni=Hl

>F=¢0—



[ . L
The term ,u_A is known as reluctance of magnetic circuit.

The relation between inductance and reluctance derived as

_A_No_NNi_N
i i i R R

L

In many magnetic structures and in rotating machines air gaps are very common.
The effect of air gap is to break the continuity of the high-permeability path for the
flux, adding a high reluctance component to the equivalent circuit. The situation is
analogous to adding a very large series resistance to a series electric circuit. In this
case the basic concept of reluctance still applies, although now two different

permeabilities must be taken into account.

. . [
Hence reluctance of the air gap is R, = —*
HyA

4
Where R, = reluctance of air gap
U= permeability
A, = cross-sectional area of the air-gap in the given structure

[, = length of air gap



Ag 1s different from the other cross-sectional area of the structure because of the

phenomenon known as Fringing as they cross an air gap.

il

Ferromagnetic ; |
matarial Lines of flux

Magnetic materials and B-H curves:

The relationship between the magnetic flux density B and the associated field

intensity H is expressed by B = u# ,where 4 = permeability of magnetic material.

From the above expression flux density increases in proportion to field intensity
upto a saturation point reaches. But in general all magnetic material shows a
nonlinear B-H curve, depending upon the value of permeability, which can be
better explained by eddy currents and hysteresis. Eddy current caused by any time-
varying flux in the core material. It will induce a voltage , and therefore current.
The induced voltage will cause eddy current, which depends on the resistivity of

the core. Hysteresis is another loss mechanism in magnetic materials. It shows a



complex behaviour related to the magnetization properties of the material which

can be shown as

BT

~ B, H A-mumns/m

Here the core has been energized for some time ,with a field intensity of H; A-
turns/m. as the current decreases curve follow from the point a to the point . At
this point mmf is zero to bring the flux density to zero ,mmf is further deceased
until the field intensity reaches to —Hy. As mmf value is made more negative , the
curve eventually reaches to the point o’. The excitation current is now increased,
the magnetization curve will follow the path o’ = ° = y’= a, and finally returns to

the original point of B-H curve.

Hysteresis loss:- During the complete cycle, the magnets within the magnetic
material try to align first in one way and then in reverse way. The tendency to turn
around of elementary magnets give rise to mechanical stresses in the magnetic

material, which in turn produces heat which is a waste form of energy. The



dissipitated heat energy during the cycle of magnetization is given by the area

within the hysteresis loop and is called hysteresis loss.

Hysteresis power loss = P = K fB mV

Where, K= Hysteresis coefficient

f= frequency of magnetization

V= volume of the material (m3 )

Bax = Maximum flux density (wb/mz)

x =1.5-2.5
* Steinmetz law:- Ph =7 f B ;6 1%

Where, n= Steinmetz constant or hysteresis coefficient
f= frequency of magnetization
V= volume of the material (m3 )
Bax = Maximum flux density (Wb/mz)

B,, lies between 0.1 to 1.2 wb/m? , when B is not between 0.1

Eddy current loss: During the cycle of magnetization, the change in flux density
induces an emf in the core of an electromagnet. The effect sets up small locally
circulating currents called eddy currents. These currents are of no practical
significance but produce heat which means some loss of energy. This loss of

energy is called eddy current loss.

P, =K, t? f2v



Eddy current loss:-

Where, Ke= Eddy current constant
t= thickness of the lamination of the pole core and armature
B= Flux density
F= Frequency

V= Volume of iron subject to change of flux
Points to Remember:

e The eddy current loss can be minimized by using thin laminated cores.

* Use of laminations increase the resistance of eddy current path and thereby
reduces its magnitude

* The hysteresis loss can be minimized by choosing the material having low
hysteresis coefficient. e.g:- silicon steel:- 1.91

= The hysteresis and eddy current losses are together known as iron loss or
core loss.

* For any machine , Bm and f are also nearly constant. Hence these are also
called constant loss.

= Hysteresis loss = xy(area of B/H loop)

where, X and y are scales of B& H.

= Unit of hysteresis loss is J/m’/cycle or watt/m’



Permeability: Every substance possesses a certain power of conducting magnetic
lines of force (iron is better conductor for magnetic lines of force than air).
Permeability of a material is its conducting power for magnetic lines of force. It is
the ratio of flux density (B) produced in a material to the magnetic field strength i.e

u=B/H

Absolute & Relative Permeability: For measuring relative permeability, vaccum

or free space is chosen as the reference medium.

Absolute permeability [y = 4% x 10”7 H/m

Now, take any medium other than vaccum. If its relative permeability as
compared to vaccum is L, , then U=,

In other words, L, indicates the extent to which the given material is a better

conductor of magnetic flux than air.

Reluctance: (S) is a measure of the opposition offered by a magnetic circuit to the

setting up of flux.
S=MMF/® , S =1/ W A [unit- AT/wb]

Example: The hysteresis loop of an iron ring was found to have an area of 10 cm’

on a scale of 1 cm = 1000 AT/m (X-axis); 1 cm = 0.2 wb/ m* (Y- axis). The ring



has a mean length of 100 cm and cross-sectional area of 5 cm. Compute the

hysteresis loss in watts for a frequency of 50 Hz.
Ans. Area of hysteresis loop = 10 x 0.2 x 1000 AT-wb/m’ = 2000 AT-wb/m’

Hysteresis loss = 2000 x 50 = 10,0000 Jim’/s [f= 50 cycle/s]
Volume=1x5x 10*m’
Hysteresis loss = 100000 x 1 x 5 x 10* W =50 W

TRANSFORMER

One of the more common magnetic structures in everyday applications is the
transformer. An ideal transformer is a device that can step an AC voltage up or
down by a fixed ratio, with a corresponding decrease and increase in current. A

simple magnetic transformer is shown as below

v al .
o T
+ 3 ;."-. bams E b
OIS = = == TR
- - F= = .."-;ﬂﬂ'ﬂ.’l: H P ——
0 El d_j__..ﬂ =

Here coil L, represents the input side of the transformer or primary winding of it,
where as the coil L,is the output coil or secondary winding ; both winding are
wound around the same magnetic structure. The operation of a transformer

requires a time-varying current; if a time-varying voltage is applied to the primary



side of the transformer, a corresponding current will flow in L1;this current acts as
an mmf and causes a (time-varying) flux in the structure. But the existence of a
changing flux will induce an emf across the secondary coil! Without the need for a
direct electrical connection ,the transformer can couple a source voltage at the
primary to the load; the coupling occurs by means of the magnetic field acting on
both coils. Thus, a transformer operates by converting electric energy to magnetic,
and then back to electric energy. When a time-varying voltage source is connected

to the input side, then by Faraday’s law, a corresponding time-varying flux de/dt is

established in coil L1:
e, =N, M =V
dt

Due to flux an emf induced across the secondary coil is

2 2

e =N262—Z)=v

. . . V.
So the relation between the input and output voltage is —=

=z|z

As mmf in transformer remains same though out the core 1i.e.



Here N1 and N2 are the primary and secondary turns, respectively. As the ideal

transformer does not dissipate any power, since

VL =V,

Another important performance characteristic of a transformer is its power

efficiency

Power efficiency n = Output power/ Input power

Definition:

e It is a static device used for the purpose of transferring electrical energy
from one circuit to another at same frequency but at different voltage (or
current or both).

e It is used for raising or lowering the voltage of an a.c. supply with
corresponding decrease or increase in current.

e [tis an a.c. device

Some more aspects of transformer:-

It consists of two windings, primary and secondary wound on a common laminated

magnetic core.



iIron core

primary
voltage

magnetic flux secondary
voltage

Precision Graphics

The winding connected to the a.c. source is called primary winding and one

connected to the load is called secondary winding.

V, is applied to primary. Depending upon N ;& N, E,is induced in the secondary.
This E, causes a secondary current I, consequently terminal voltage V, appears

across the load.

If V>V, itis called a step up transformer.

If V| <V, itis called a step down transformer.
Two types-core type and shell type

Core type: In core type the winding surrounds the steel core. The core consists of

two vertical logs limbs with 2 horizontal section called yokes.



To keep the leakage flux to a minimum , half of each winding is placed on each lag
of core. The low voltage winding is placed adjacent to the steel core and high

voltage winding is placed outside to reduce the insulating material required.

Shell type: In shell type transformer, steel core surrounds windings.LV and HV

windings are wound over central lump.

Core type is used for high voltage and shell type is used for low voltage.

Core Type and Shell Type Transformer Winding
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PRINCIPLE OF OPERATION

It is based on the principle of mutual induction i.e. whenever the amount of

magnetic flux linked with the coil charges, and emf is induced in the coil.

Whenever alternating voltage V, is applied to the primary winding,l, (exciting
current) flows which sets up @ in magnetic core. This flux links with both windings

and E, & E, are induced.

From Lenz’s law, E,; = -V,



If N,>N, then E;> E; and it becomes step up transformer
If N,<N; then Ex< E; and it becomes step down transformer
Here E, is in phase opposite to V.

If the secondary is open circuited, then the terminal voltage V, at secondary is
equal in magnitude and in phase with the induced emf at the secondary, i.e. E;=

V,.
IDEAL TRANSFORMER
An imaginary transformer which has the following properties

I-Primary and secondary winding resistance are negligible, hence no resistive

voltage drop.

2- leakage flux and leakage inductance are zero. There is no reactive voltage drop

in the windings.

3- power transformer efficiency is 100% i.e. there are no hysteresis loss, eddy

current loss or heat loss due to resistance.

4- permeability of the core is infinite so that it requires zero mmf to create flux in

the core.

Power In the primary= power in the secondary .
E I,=E,

I, 1,-E,/E; =N, /N, =K=V, /V,

1 — when transferring resistance or reactance from primary to secondary, multiply

it by K>



2- when transferring resistance or reactance from secondary to primary, divide it

by K*
3- Transferring voltage or current, only K is used.

a) Any voltage V in primary becomes KV in secondary.
b) Any voltage V in secondary becomes V/Kin primary.
¢) Any current I in primary becomes I /K in secondary.
d) Any current I in secondary becomes KI in primary.
e) A resistance R in primary K°R in secondary.

f) A resistance R in secondary becomes R/K”.

EMF Equation:

O=0¢ ,sinwt

do d :
e, =-N, —=-N, — sinwt
1 1dt 1dt ((Pm )

e;=-N,wo coswt=-N,x2nfe  coswt
el=N127tf(pmsin(Wt—90°) [E.. =27fN,¢,, ]
E.i _ 2nfN;o,

V2o 2

R.M.S value of Eis:E, = =4.44fN, 0,

Voltage Transformation Ratio:

* Ny/N; is known as voltage transformation ratio and represented by K.

e If N,>N; or K>1 then step up transformer



e If N;>N, or K<1 then step down transformer

Practical Transformer on no load:

» ¢

E,V

Figure 4: Phasor diagram of practical transformer on no load

» A transformer is said to be on no load if its primary winding is connected to

AC supply and secondary is open. i.e secondary current is zero

*  When an A.C voltage is applied to primary, a small current I, flows in
primary.

* Iy =NO0-load current



I, = magnetizing current. It magnetizes the core and sets flux. So, in phase

with it.
I, is called the reactive or wattless component of no load current

I, produces eddy current and hysteresis losses in the core and very small
copper loss in primary. It is called active or wattful component of no load

current.
I 1s in phase with the applied voltage (V) at the primary.

No load current I is small. So drops in R, and X; on primary side are very

small. At no load V,=E,.

No load primary copper loss (I;°R;) is very small. So, no load primary input

power is equal to iron loss

I, =Iycose,, 1 =Iysing,, [ =41, 2+I 2

Noload power factor,cos@,= L

Iy
Noload input power (active power)=V,I,coso,,

Noload reactive power =V I;sing,



V] Hv an':

-..:::.

* Winding resistance

* Leakage reactance

* Iron losses

» Depends on supply frequency,

» Maximum flux density in the core

» Volume of the core

* Impedance reflection and power transform:-

2
(IP ) Rp =Isst

2
I I, N
Rp=| -> | R [since, Nplp=NgIg; - =—2=K]
IP IS P
1

Similarly,XP=%XS

4l



Equivalent Circuit of a loaded transformer:

Example: The primary winding of a single phase transformer is connected to a 220
V, 50 Hz supply. The secondary winding has 2000 turns. If the maximum value of

the core flux is 0.003 wb, determine i) the number of turns on the primary winding

i1) the secondary induced voltage

Ans.

E, =220V ,f=50Hz
N,=2000,¢_ =0.003wb
)E,=4.44f¢p N,
_E, _ 220 ~
' 4.44f¢p_  4.44x50x0.003
ii)E,=4.44f¢p N,=4.44x50%x0.003x2000=1332






