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D.C CIRCUITS
Introduction:

I. Potential Difference (PD) The ability of a charged patrticle to do the work is called
electric potential. The difference b/w electric potentials at any two given points in a
circuit is known as potential difference.

ElectricPotential (V) = Workdone/charge

Unit is Volt.

il. Current: Is defined as rate of flow of charge in an electric circuit. Its unit is Ampere.

Current (I)=dqg/dt

VA

” i

I \ / T:ne Time
N

Fig:1.1.1(a).AC supply Fig:1.1.(b)DCsupply

[Ref: DSI ppt]
iii. Power: Rate of doing the work is known as power. Its unit is Watt.

P=V.I
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iv. Energy: Work done in transferring a charge through an element is known ag/ener
Unit is Joule.
2 Resistance:The property of an electric current opposing thevflof current and
causes electrical energy to be converted to heat is called resistance. Unit is ohm

R=V/I
Ohmés Law:

When voltage 3 applied across a conductor, current flows through it. A definite relationship
exists between current, applied voltage and resistance of the conductor.

| f 61l 6 is the <current flowing through a <con
differencev i s applied, then according to Ohmdés Law

lcVorl=V/RorV=IR
where V is in volts, R is in Ohms and | is in amperes.
Ohmés Law may be stated as foll ows

The physical statei.e. temperature remaining constant, the current flowing through a conductor
is directly proportional to the potential difference applied across its ends.

R
— VWWWWA—
IA Y1

I
+U-

Fig:1.1. 1[RefDSIppfis Law

i) Kirchoff ds @uanyrelectrital netaork the l&lgebraic sum of all currents
meetingat a point is zero or the suof incoming currents towards any point is equal to the sum
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of outgoing currents away from thpbint. For example four conductors are meeting at a point O,
carrying currentsy) I, Isand kas shown in figure.

Convention -
Current flowing inward A +ve
Current flowing away from @, —ve
Sign convention:+ A current towards point O
— A current away point O
Applying KCL to point O, the algebraic sum of currents at that point, will be zero.
e, (b)+ () +(ls)+(-14)=0

orli+lh=l3+14

Fig:1.1. 2. Ki [RefnlSfppt]é s current | aw

i) Kirchof f 0s Indnytldsedgiruit branesh,(thi€ &ldebhraic sum of products
of currents and resistances (voltage dropsyps t he al gebrai c sum of
zero,i.eal gebr ai ¢ slgebraimstim of voltagesirops = @

a) Si gns oA rise impodestial should be taken as positive and a fall in potential
shouldbe taken as negative. Considesm the negative terminal of a battery or source
towards the positive terminal, there is a rise in potential and it imistonsidered
positive andfrom the positive terminal of a battery or voltage source to the negative
terminal, there is a fall in pat@al which should be taken as negative.
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b) Signs of voltage dropsWhen current passes through a resistance thereoltage drop
in it. With the current, the voltage drop should be considered to be negative as the current
flows from higher potential to leer potentl (fall in potential).andagainst the current
flow, the voltage drop should be considered as positive (rise in potential)

Series Circuit:

The circuit in which resistances are connected-terehd, so that there is only one path for
current fbw, is called a series circuit.

Vv
it
+ =

Fig: 1.1.3.Series circuit[Ref: DSI ppt]

Figure shows a circuit, where resistorg,/ and Rare connected in series, and a voltage of V
volts is applied at the extreme ends A and B, to cause a current of | ampédoesttodugh all
these resistors.

Analysis of Series Circuit:
i.  The same current flows through all the resistances.

ii.  There will be a voltage drop across each resistance. The sum of the voltage drops is equal
to the applied voltage.

ili.  Total Power dissipated byé circuit is equal to the sum of the power dissipated by each
resistor.

Let V1, V; and \4 be the voltage drops acrosg R;and R respectively.

Now, V = (+V,o+V3
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ZIR1+ IR+ IR3=1(Ri+tR+R3) ééé(using ohmdés | aw)
VII=R1+ R, +R;
According to ohmés | aw, V/I1 is the total <circ

Therefore,
R=R+R+Rs
i.e., Total resistance = sum of individual resistances.

Thus, when a number of resistors are connected in series, the equigsistaince (total circuit
resistance) is given by the arithmetic sum of their individual resistances.

Parallel Circuit:

When a number of resistors are connected in such a way that one end of each of them is joined to
a common point, and the other end offeatthem is joined to another common point, then the
resistors are said to be connected in parallel and such circuits are known as parallel circuits.

Let I3, I2 and  be the currents in resistorg, R, and R respectively.
Now, | = | +l> + I3
=V/R1+ VIR, + VIR; =V {1/R; + 1/R, + 1/Rs}
IV = 1/IR+1/RA+1/Rs
By Ohmdés Law, vil = R,

~1/R = 1/R+1/R+1/Rs

Fig:1.1.4. Parallel circuit [Ref: DSI ppt]
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Analysis of Parallel Circuit:
i.  The same voltage appears across all thistances.

ii.  The current is distributed in each resistance. The sum of the branch current is equal to the
applied current.

iii.  Total Power dissipated by the circuit is equal to the sum of the power dissipated by each
resistor.

Problems:

1.A resistor of 12Q is connected in series with a combination of @&and 20Q resistors in
parallel. A voltage of 120 V is applied across the whole circuit. E)ncCurrent taken from the
supply.(ii) Voltage across the 1Q resistor.

Solution:
i) Net resistance of the palellbranch AB is

Rag = 15 x 20/ (15 + 20) = 300/ 35 = 8.8/
Series resistancesR = 12Q
Therefore, total circuit resistance = 12 + 8.57 = 2Q)57
Current drawn from the supply
I =120/20.57=5.83 A

i) Voltage &ross 1) resistor,

Vec=Recx1=12x5.83=70V.

(2) If the total power dissipated in the network shown in figsré6 watts, find the value of R
andthe total current?

Solution:

Given : V = 8 volts
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Total power dissipated, P = 16 watts
Pawer, P =/ Req
Where Rq= combined or equivalent resistance of the circuit.

Therefore, 16 =8/ ReqOr Req= 4Q

AlsO Req= [4R / (4 + R)] + [(8 X 2)/(8 + 2)]

3. Find the current in all branches of the network shown in figure

80 A

120 A

Solution:

The various branch currents are:

Branch AB: | + 50 = 11 + 50 = 39 Amps from A to B

Branch BC: 10 =— 11— 10 =— 21 Amps or 21 Amfrom C to B
Branch CD: 1 + 50 = 11 + 50 = 39 Amps from C to D

Branch DE: 70 =— 11— 70 =— 81 Amps or 81 Amps fro E to D
Branch EF: | = 11 Amps or 11 Amps from F to E

Branch FA: |- 30 =— 11- 30 =— 41 Amps or 41 Amps from Ato F

4. What is the difference of potential between the points X and Y in the network shown?
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2Q

V) fec®

Solution: Consider the loop including AX

Total resistance = 2 + 3 =5 ohms.

Current through AX = 2/5 = 0.4 A (from A to X)
Drop across 3 ohms resistor=0.4x3=1.2V
Consider the other loop

Total resistance =5 + 3 = 8 ohms.

Current through ZY = 4/8 =0.5 A. (from Zto Y) .
Drop across 3 ohmesistor=0.5x3 =15V

Drop between X and Y is = drop across 3 ohms (XA) + drop across AZ + drop across 3 ohms
(2Y)

12+4-15=3.7V

5.Find the current flowing through the galvanometer G in the Wheatstone bridge network shown
below.
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Solution:

Consider the loopbda

d

Yi:

(o

50 Q2

15 £$,

N

2+|3 ' |

E | I 25V, 2 Q
Ml

-25hL - 50l + 20L=0

-5l -10k+ 4L =0

Consider the loopcdb

Corsider the loop adcEa

—10(li—15) + 15 (b+13) +50 k=0

-211+3lb+15k=0

....... (ii) (divided by 5)

— 20k, — 15() + Ig) - 21 + 25= 0

Butl= L+1

Substituting this value in the above equation

- 201l — 15(|2 + |3) - 2(|1+ |2) +25=0

~2l,-37L-15l+25=0 e (iii)
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6.Two storage battexs A and B are connected in parallel to supply a load of 0.30 ohm. The open
circuit e.m.f. of Ais 11.7 V and that of B is 12.3 V. The internal resistance are 0.06 ohm and
0.05 ohm respectively. Find the current supplied to the load.

Solution:
Let the currents supplied by the batteries pand b respectively.
Current through load, | =1 # 1,
Applying Kirchoffdés second | aw to | oops ABCDA
0.06L —0.05b+11.7-12.3=0
or 0.06} - 0.05p = 11.7-12.3
or0.06} -0.05p =-0.6 = —--meemee- 0)

—0.06k—0.3(h+ 1) +11.7=0

or0.361+0.3Lb=11.7 = e (i)
; Battery A 0.06 O .
F 1.7V G
Sape 0.05 Q
—|1 1 —W—d
123V
0.3Q
W

Multiplying expression (i) by 6, we get
0.36L-0.3L =-3.6 = - (iii)
Subtracting expression (iii) from expression (ii), we get

0.6L=15.3
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orl, =25.5 Amps
Substituting the value of In egn (i), we get
0.06k — (0.05x 25.5) =— 0.6
or 0.06} =1.275-0.6 = 0.675
I, = 11.25 Amp
Current through the load of 0.3 ohm

| = i +1,=11.25 + 25.50 = 36.75 Amps.
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MODULE(1B)

MAGNETIC CIRCUIT

Magnetic Circuit
The magnetic circuit is the closed pdtscribed by the magnetic flux.

Consider an iron ring in which magreflux is produced due to which current flowing through
the coil and its circuit having |l ength 6106 me

Magnetic
circuit

of length
'I' metres

N-turns

d

Fig:1.2.1 Magnetic Circuit

Important Definitions:

1. Magnetic Field: The space or surrounding region of a magnet in whicmetageffect is
felt is called agnagnetic field.Consider a bamagnet.The magnetic field of magnet is
represented by imaginary lines around it and is known as magnetic lines of forces. And
their direction always starts from north to south pole.

Fig:1.22. Magnetic Field
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2. Magnetic Flux: The total number of magnetic lines of force in a magnetic isetalled flux
and itsnotation is represented by Greek Letigyhi) and its unit is weber (Wb).

3. Magnetic Flux Density. It is defined as the number of lines per unit area.otation is B
Flux density B =¢/A Whb/n?

where¢ is the flux and A is the area of cross section asdiitit is weber per square meter
Tesla.

4. Magnetomotive Force or M.\M.E M.M.F is defined as the magnetic force, which creates
magnetidlux is a magnetic material. The unit is ampere turns (AT).

M.M.F = NI
Where, N = Number of turns in the coil
| = Current through the coil
Or M.M.F = Flux x Reluctance ¢x R

5. Reluctance Reluctance is the pperty of a magnetic material by virtue of which it opposes
the creation of magnetic flux in it. Its unit is ampere turns per weber (AT/Wb).

It is directly proportional to the length of the magnetic material and inversely proportional to its
area of crossestion.

R=I/ pa = l/popra

Where, | = length of the magnetic material
a = area of cross section
KM = a constant known as the absolute permeability of the magnetic material = po pr
o= pemeabi |l ity of the f peemetrs(tHdm)e or air
ur = relative permeability of the magnetic material.

6. Permeability: The ability of a material to conduct magnetic flux through it is called
permeability of thaimaterial. Permeability of a material means its conductivity for magnetic
flux. The greater the permeability of a material, the greater is its conductivity for magnetic flux
and vice versa. It is represented by Greek letter p(mu).
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7. Absolute Permeabilty: Absolute permeability of a magnetic material indicates the ability of

that material to allow magnetic flux to be created in that mateAlsolute permeability of air

of vacuum i

s represent edHmy

mo and its val

It can also be defined as the flux induced in the magnetic material per unit magnetizing force.

M = B/H, where

, H= magnetizing force

8. Relative Permeability: It is the ratio of the permeability of material ( 1 ) to the permeability
of air or vacuum(po ) is called Relative permeability of a that material .

Relative permeability = permeability of material/ permeabdftyair

Mr=p/po

9. Magnetic Field Strength Or Magnetic Field Intensity Of Magnetizing Force The
Magnetic Field Intensity: at a point in a magnetic field in the force acting on a umpioldl
placed at that point. It is notated by the letter H. Its unit is Newton/ weber.

H = Ampere turns/ Length = NI/l AT/m

10. Magnetic Susceptibility.: The ratio between the intensity of magnetism produced in a

substance to the magnetism force producerd is called the magnetic susceptibility of the

substance.

Magnetic Susceptibility = Intensity of Magnetisation [I]/ Magnetism Force [H]

11. Permeance It is the reciprocal of reluctance.

Permeance: It is also defined as the property of the magiretitt clue to which it allows
flow of the flux theough it.Permeance = 1/Reluctaitds

amperes(Wb/A).

Analogy between electric and magnetic circuits

Electric Circuis

Magnetic Circuits

1. Path traced by th
current is called aslextric
circuit

Path traced by the flux I
called as magnetic circuit

2. E.M.F. drives curren
through an electric circuit

M.M.F produces magneti
flux in a magnetic material.

measured in weber per
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EMF = current X M.M.F = flux x reluctance 3
resistance 9 xR o xR
3. Qurrent density = J 7 Flux density = B =/a

I/a

4 . Resi st art

a = 1 | u

Reluctance =R = |/ pa

5. Here KCL and KVL
applicable to the electri
circuit

Kirchoffés MMF, law and flux

law
magnetic circuit

is applicable to th

Magnetic field due to electric current

When a current flows through a wire a magnetic field is produced. In fdfayeshows a straight

conductor through which a steady current is flowing from left to right. The magnetic field lines

will be in the form ofconcentric circles around the wire. The direction of this field is given by

as we know from the Right hand thumbler. ii

current, t he

curl (natur al

Stretch

t he

bend) of

t humb

f

of
i ngers

When the conductor is plageperpendicular to the papéfhe conductor is represented by a
small circle and the direction of current is then shown by putting a dot(.) or a cross (x) represents
a curent entering the paper (fig.1.2.3 ¢). In the figl.3he thumb is stretched upward and
hence the magneticeld is anticlockwise. In fig.1.2.8, the thumb is stretched downward and
the magnetic field is clockwise.

Direction of flux

Conductor

V

s

7 BN
ELEs R

>

(@) Current from left to right.

AR
XN
\ e

o~ Current

e v/} 4/ ——

() Current coming out

of the paper.

(c¢) Current entering into
the paper.

Fig:1.2.3.Magnetic field due to electric current in arductor
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Magnetic field due to a Caoll

The direction of magnetic field produced at the centre of a current carrying coil is also given by

Right hand thumb rule But here the role of current and
bend the fingers ohe right hand pointing in the direction of current flow, the thumb points in
the direction of magnetic field |Iines. o

® ®

(a) Single loop (b) Single loop
(Clockwise current). (Anticlockwise current).

Fig:1.2.4. Direction of magnetic field due to current in a coil.

From the above fig.1.2.4(a) ,the current flowclsckwise, hence the magnetic field points
downward. In even looking at fig.1.2.4 (b), the current flow in anticlockwise direction and the
magnetic field points upwards. A coil thussatike small flat magnet.

Magnetic field due to a Solenoid

Solenoid is a wirewhich is wound closely in the form of helix which is shown in fig.1.2.

Here the wire is coated with an insulating material so that the adjacent turns are electrically
insulated from each other. The length of the solenoid is large codnparniés radius. The
magnetic field flux produced by each turn tends to link up and the net field pattern is very similar
to that of a bar magnet. By applying right hand thumb rule, we find that the left end of this
solenoid is Npole and right end is-Bole. The solenoids produce strong magnetic field for such
applications as relays, transformers and circuit breakers.

Fig:1.2.5.Magnetic field due to a coils of many turns.
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Force m a current carrying conductor placed in a magnetic field

Consider a small conductor of length dI perpendicular to the madmdid which is shown in
fig.1.26(a). If it carries a current I, it experiences a force given by
dF =1dlxB eéeéeée 1

This is the magnetic analog of the electric force experienced by a charge q placed in an electric
field E, givena F =q E. And hence we noticed that the force is proportional to I, dl and B and
is perpendiular to both dl and B.

From the figl.26(a) the angle between the length vector dl and the field B is 90 degree. Hence
the expression of equation 1 reduces to dF = | dl B.

For a conductor of length |, carrying current | placed perpendicularly in tigaetia field of
strength B, the force on the conductor is

F = 1 | B.

If the currentcarrying conductor placed at angi¢éo the magnetic fieldfig1.26(c)), its effective
length is

Lsind, and hence the force experienced by the
F = 1 | Bsind

and i f the conductor i s pl anmdehdforeelowmthegcontduoter tof i el d
reduces to zero.

And one of the best rule in finding the direction of force on a current carrying conductor placed

in a magnetic fieldStatéEmemtngdéstheftuhandsr @
and tke thumb of your left hand is rually perpendicular directionthe first finger points in the

direction of magnetic field and the central finger to the directib current, lhe thumb then

points in the direction of force on the conductor.

' Force
i

EERRERER]

(a) Force dF on a small element (H) Fleming’s left-hand rule (¢) Conductor placed at
dl carrying current J. gives direction of force. an angle 6.

Fig:1.2.6. Force on a current carrying conductor
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Faradayods Laws of Electromagnetic I nduction:
Far a drrst lbaw:

Whenever the flux linking with a coid circuit changes an emf will be induced in the coil.
Far a dSegodsaw:

The magnitude of the induced emf in a coll is directly proportional to the rate of change of flux
linking with the coll.

Consider a coil having N turns:a@ the flux which is linking the coil changes from initial value
i.e 1 Wb and changes to thenél value top, Wb for the time t secs.

Therefore, E.M.F induced = Change in flux linkages/ Time Volts
e = Np,—N ¢,/ t volts

The above equation can bewetten as

e = N@2— ¢1)/ t volts

The equation or expression written in differential form ie

e = d(Np)/dt volts

e =-N d¢/dt volts

and the notation for the above expressian, e = emf induced in the circitolts)
N = Number of turns of the coil

d¢ = Change in flux

dt = Change in time

and even in the-0abbDy es tmartierinduwea emnf nsetdcurrent in such a
direction that the magnetic effect produced by it opposes the very cause producing it.

Lenzb6s Law
Statement: The direction of the induced emf is such that it opposes the very cause of it.

Mathematicallyt is expressed as e-N d¢/dt.
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FIl emingds Left Hand Rul e:

This rule is used to find out the direction of the force on the conductor. When the thumb, fore
finger and the middle finger of the left hand are held perpendicular to each other in such a way
thatthe fore finger is in the direction of the field, the middle finger in the direction of the current,
then the thumb will point to the direction of motion (unknown). Thile is represented in
fig:1.2.7 This rule is used in the D C Motors.

Motion

S =N

ThuMb
(Dlrect\on of Motion)

l» /4
k I
= ‘7/’/ /' - -,-.777;—.> Fore fil:\ger
(Direction of Field or Flux)

/ =
'\\ \
\
——J\ ,1)\
e J/ =
—) secCond finger

(Direction of Current)

Fig:1.2.7(a). F | & beift hagdorule.[Ref: DSI ppt]

FI emi ngbds Ri gwhén thdttambdforeffRgerlarel middle finger of the right
hand are held mutually perpendicular to each other in such a way that, the thumb is in the
direction of the motion of the oductor, the fore finger in the direction of magnetic field, then

the middle finger shows the direction of the induced emf (unknowhijs rule is represented in
figure7 b.

This rule is used in the D C Generators
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motion or force F

magnetic field B -

_— ¢ R '\.\R
/ % 0y /.1\".'\&
e S ’_\I_'&__,-' LT
induced cument J (—9/ I\__ i Gl
l\_—-[l __’l_:.:;'
Bace oo

Fig: 1.2.7(b). Flemingé right rule. [ Ref:DSI ppt]
Methods of producing induced emf:
There are two methods of producing induced emf

1. Dynamically induced emf

2. Statically induced emf

Dynamically induced emt When a conductor is moved in a magnetic field or vice versa the
flux linking the coil changes and an emf will be induced. This emf is called dynamically induced

emf.

Consider the magnetic field with constant flux density B Tesla, represented by the magnetic
lines of flux as shown in fig.1.2.8 (a) . Consider a conductor of length | and area of cross section

a.
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Y
.@ ¥ >
dx .
-
) \

i1
v

Fig:1.2.8(a) Dynamically induced emf.

The induced emf malye produced in the coil by the following three methods.
1. When the conductor is placed parallel to the direction of magnetic field
2. When the conductor is placed perpendicular to the direction of magnetic field

3. When the conductor moves in the direction @king an anglel, with the direction of
magnetic lines of flux

1.When the conductor moves with the velocity v in the direction I, which is parallel to the lines
of flux and hence it does not cut any flux. And hence no emf is induced.

2.When the conductanoves with the velocity v in the direction II, which is perpendicular to the
lines of flux and hence it cuts the maximum flux. And hence emf is induced is also maximum.
To find an expression for the maximum induced emf, let us consider the condwstes m
through a small distance dx in dt seconds. Then the flux cut by the conductor is given by

do = B x| dx
The rate at which the flux is cut, is given by,

do/dt = Bx1 dx/dt = Blv
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According to Far aday 0 sctioh, hevabove dquatoh is nothingbortdahg n e t |
emf induced in the conductor is maximum

Therefore e= Blv = Emvolts

3.When the conductor moves in the direction Ill, of making an afighth the direction of
magnetic lines of flux with the Vecity v, the component of velocity perpendicular to the
direction of flux isv s i, as gdhown in figl.8.(b). Hence, the emf induced in the conductor is
Blvsi nd

Thereforee= Blvs i n H,s3 walts

S b ¥ R S——" T

Fig:1.2.8(b) Chaging angley

The component of velocity v cdswhich is in the direction of the lines of flux, does not
contribute anything for the emf induced. The direction of the dynamically induced emf is given
by Fl emingds Right Hand Rul e.

Statically induced emf When an ac voltage is applied to a coil, an alternating current flows
through the coil, and the flux linking with the coil changes with respect to time. Hence an emf is
induced inthe coil. This emf is called statically induced emf.

Or

It can also be defined as when a conductor is stationary and the magnetic field is moving or
changing , the emf induced is called statically induced emf.

Statically induced emf may be:
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a) Selfinducedemf

b) Mutually induced emf

Self-induced emf When a current flowing through a coil changes, the flux linking with the coll
also changes, which results in an emf and is calledrekited emf.

Mathematically,

eodi/dtore=1Ldi/dt.

where L is calleato-efficient of selfinduction or seHinductance.
L=e/(di/dt).

Co-efficient of Self Inductance(L) or Self Inductance:

The =lf-inductance of a coil is its property by virtue of which, it always opposes any change in
the value of the current flowgnthrough it.

The =lIf-inductance of a coil may also be defined as its property by virtue of which an emf is
induced in it, whenever an alternating current flows through it.

The ®lf-inductance of a coil may also be defined as the number of weber todhseed per
ampere in the coll

L= N¢/!l = NNI/IR= N/lluopra

L = pop aN?/ | Henry. |is the length of the electromagnet.

Mutually Induced EMF:

Consider two coils A and B placed close to each other and an alternating voltage isapplied
the flux produced by one (A) coll is linked with the another (B) coil and due to change in this
flux produced by first coil there is an induced emf in the second ceitdlled mutually induced
emf. and the emf induced in the first coil and thexfis produced is called self induced emf

Consider two coils afurns N and N, placed clse to each other as shown in fig.9.@)
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1, L
¢ @
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Pl 8
: b, 3 -
by B
V'TQ\J " /l &
-
e
—e
Fig:1.2.9(a) Mutually induced emf
ee=-N;dp/ dt vol ts eéeéeéeéeél e é

This is known as the self induced emf in the coil 1.

Due to flux of coil 1 also links the coil 2 . The fldx, which links both the coil 1 and coil 2,
which is called mutual flux between the two coils. The fhdinks only coill. Hence th8ux
¢1 is the sum of the two fluxes

////////////

01 = d11+ 012 éééééeéeeeéeeeée. . 2

The mutual fluxd,2 linking coil 2, induces an emf;gin that coil. This emf is called as mutually
induced emf and is given by

ez = -Nodoo/  dit

The equation forg@ may also be written as

ez = - Mjydip/ dt eéeéeéeéd
= emfinduced in coil 2, due to the current flowing in coil 1

Mi,is known as the mutual inductance between coil 1 and coil 2. The equation for the mutual
inductance Mp may be writtenas

M2 = Nz doi2/ dig 666666666666.5
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Similarly, when coil 2 is spgied with alternating curreng,iproducing a total flu@, is shown in
fig.1.29( b)

1
e
b2y
/7 < ~
y
¢ b
€ |T . Tez - T Vs
N o
Fig:1.2.9( b) Mutually induced emf.
02 = G2t 021 6

Where , ¢, = total flux produced in coil 2.

d22= flux that links only coil2

¢21 = flux that links both coil2 and coill.
The self induced emf in coil 2 is given by
& = -N, doo/dt volts eééeeéeéeeeer
The mutually induced emf in coill is given by
€1 = -Nidpy /dt = -Mordip/dt 8
M21 = N ddpa/ dip

M»1 isthe mutual inductance between coil 2 and coil 1.
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As the couphg between the two coils is bilateral, which means that, the coupled circuit has the
same characteristics in both directions,

Mi2 = M1 = M

Hence, the mutual inductanbetween any two s, placed close to each other,dsfined as the
ability of one coil to induce an emf in the other coil, when an alternating current flows through
one of the coils.

M = Npdoi2/dip = Niddoa/dip  sessecsccsccccccceceel

Co-Efficient of Coupling (K):
The CokEfficient of couplingis the ratio of the mutual flux to the total flux.
Kiz=¢12/ $1 and Kz1=d21/¢2 eé. 11
As the coupling is bilateral K=K, =K eé. . 12
012 = K 1 021 = K ¢2 éééé. 13
From the equation 9ie = My; = M
Mz = Miz . Map = Naddsz/ dipg x Ny ddzs / dip
N1 N2 d(K ¢1)/diz x d(K ¢)/diz = K? Ny dos/ diy x N2 d ¢ / diy
= K®L;L;
M =KLl or K=M/LiL, é.. .14
Energy Stored in a Magnetic Field
Consider gure inductive coil i.e an ideanductor of having inductance L henry.

When the current flowing through a coil increases from zero to maximum value, the increase is
opposed by the selhduced emf. ad energy is needed to overcome this opposition is stored in
the magnetic 8ld of thecoil.

Let i be the instantaneous value of the current
0 &éthe induced emf due to curréniflaving in the coil

= L di/dt
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Where L is the inductance of the coil in henry.
Work done in time dt to overcome this opposition is
dw = eidt
= (Ldi/dt)idt
= Lidi
Total work done
Jdw =[Li x di
W = (1/2)LF joules
Energy storedt (¥2)LI ?Joules

And I nductance from Geomet r i cawlofeMdarenagnetc nt :
induction equation

e= N ddG/dt = L di/ dt or L = N dG/ dt
The rate of change of flux with current is constant and the above equation can be written as
L = N a7/71 eeéeée. 2
And also from the equation of flux and reluctance,
u = NI/ R
R =LA e from definition of reluctance

And equation 2 becomes

//////////////////////////////////

The above equation shows that the inductance depends on the physical dimensions of the coil
and the magnetic properties of the core niater

Problems:

1.A wire of length 1m moves at riglangles to its length at 60 meteer sec in a uniform
magnetic field of density 1 Wb/m Calculate the emf induced in the conductor, when the
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direction of motion is (a) Perpendicular to the field) Parallel to the field and (c) Inclined at
30degree to the direction of the field.

Solution:

(&) When the conductor moves perpendicular to the direction of the field, emf induced is
maximum. E = Blv volts = 1x1x60 = 60 volts

(b) When the conductor moves paeato the lines of flux, emf induced is O.

(cce=Blvsind = 60 I sin 30 = 30 volts

2. A coll consists of 600 turns and a current of 10A in the coil gives rise to a magnetic flux
of 1 milliweber. Calculate i) Self inductance ii) The emf induced and iii)The energy stored
when the current is reversed0.01 second.

Solution

N =600, | = 10A p=1mWhb

) L = N¢/l =600 x 1 x10%10 = 0.06

1)) Current is reversed in 0.01 sec i.e=}F10A, 11 = 10A
)  e=-Ldl/dt=-L I,-ls/ 2et-0.086F10-10]/0.01 120v

IV) E = % LF=%x0.06 x (16)=3J

3. Two cols having 1,000 turns and 1,600 turns respectively are placed close to each other
such that , 60% of the flux produced by one coil links the other. If a current of 10A, flowing
in the first coil, produces a flux of 0.5 mWhb, find the inductance of thensexail.

Solution
L1= Ny ¢1/11= 1000 x 0.5 x 1810 =0.05H, k= 60% = 0.6
M = Ny d12/11 = 1600 x (0.5 x 18x 0.6)/10 = 0.048H

K=M/VLiL, or Lh,=M?% K?x 1/L1 = 0.048/0.6° x 1/0.05 = 0.128
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MODULE -II(A)

SINGLE PHASE AC CIRCUITS.

Gengation of Alternating Voltages and Currents:
Alternating voltage may be generated:

1.By rotating coil in a magnetic field.

2.By rotating a magnetic field within a stationary coil.

3.In each case, the value of the alternating voltage generated dependbeipomber of turns
in the coil, the strength of the magnetic field and the speed at which the coil or magnetic field
rotates.

” ~
’ ~
~

~

o ‘L . g5 B e A YyYYyYYyY VY YY e
$pmaxsin ot 4 I dmax COS ot

Fig:2.1.1. Generation of sinusoidal voltage.[Ref:DSI ppt]

Consider rectangular coil of N turns rotating in the anticldskewdirection, with an angular

velocity of ® radians per second in a uniform magnetaldf as shown in figure. Time is
measured from the instant of coincidence of the plane of the coil withdies XAt this instant

maximum flux,dmax links with the cd. As the coil rotates, the flux linking with it changes and

hence e.m.f is induced in it. Let the coil turn through an afglen t i me o0t 6 second
assume the position as shown in figure. ObvioQshyo t.
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When the coil is rotatedhe maximun flux is acting vertically downwards. This flux can be
resolved into two components, each perpendicular to the other, namely:

1. Componentmax Sinwt, is parallel to the plane of the coil. This component does not induce
e.m.f. agt is parallel to the plane of the coil.

2. Componentpmax COSot, is perpendicular to the plane of coil. This component induces
e.m.f. inthe coil.

. Flux linkages of coil at thinstant (aB®) = No of turns *lux= Ndmax COS©t

By Far aday 6 snagndisindacfion, instamtaneoume.mfé6e d i nduced
instant is given by

..E.M.F.,.e......

Fig:2.1.2. Generated sinusoidal waveform [Ref: DSI ppt]

=N ¢dmax® (— Sinot)

- e =—N o dmaxSin ot volts -—--(i)

From @n. (i) e will be maximum (E) , when the coil has rotated througt? 98s sin 99 = 1).
Thus E,=N © ¢maxVolts ----(ii)
Substituting the value of dlomax from equationi{) in equation (i),

e = B, sinot ----(iii)

We know thab = ot

-.e= E,sin®
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From the above expression thkernating e.m.f. induced in a coil is instantaneous and varies
according to the sine of the angbedf ot).

As,o=2rnf , wher e Of 0 frotaionioflihe cofl. Hence wauationy(iii) can be written
as e = k;, sin 2rft ----(iv)

If T =time period of the alternating voltage = 1/f, then eqn. (iv) becomes gsmE2t /T) t)

The alternating quantity varies according to $iree function of the time angtet, and if e.m.f.
induced is plotted versus time, a curve is obtained which is called sinusoidal e.m.f.

Important Definitions:

1. Alternating quantity: An alternating quantity is one which acts alternately in positive
and negave directions, whose magnitude undergoes a definite series of changes in
definite intervals of time and in which the sequence of changes while negative is identical
with the sequence of changes while positive.

2. Instantaneous value: The value of an altertiag quantity at any instant is called
i nstantaneous value. 6e and i6 represent th
current respectively.

3. Cycle: A set of positive and negative half cycle (emf or current) is called one cycle.

4. Time period and frequency: The time taken in seconds by an alternating quantity to
complete one cycle is known as time period and is donated by T. The number of cycles
completed per second by an alternating quantity is known as frequency and is denoted by
6f 6. iThe number df @ycles per second =f.

Time Period =T = Time taken foronecycle=1/f or f=1/T
In India, the standard frequency for power supply is 50 Hz and in USA it is 60Hz.

5. Amplitude: The maximum value of positive oegative alternating quantity during one
complete cycle is called amplitude or peak value or maximum value. Em and Im
represent the amplitude of alternating voltage and current respectively.

6. Concept of leading and laggingif the two quantities (V and l)alnot reach their peak
at the same time then we can say that two quantities are having phase difference. The
guantity which reaches its peak early is called leading. Quantity which reaches its peak
later is called lagging. All the loads are either reststor inductive in nature where
current is in phase or lagging.
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7. Root-Mean-Square (R.M.S) Value: The r.m.s. or effective value, of an alternating
current is defined as that steady current which when flowing through a given resistance
for a given time prodwes the same amount of heat as produced by the alternating current,
when flowing through the same resistance for the same time.

A i2 = In? sin2@

i=Insind

]'2 i /\

Squared

T T 4 \ave

0 _,l I‘_ mv/- 2n
do
» O

Fig:2.1.3. RMS value[Ref: DSI ppt]

This is an integral method and is very useful in finding the r.m.s. or effective valurusdislal
waves. The equation of an alternating current varying sinusoidally is given by

i=1,sin0d

Consider an elementary strip of thickne8srdthe first half cycle of the squared wave, as shown
in figure. Let ibe the midordinate of this strip.

Area of the strip =d0
Area of first halfcycle of squared wave
_ (T,
=J, i*d d
= [y sin®)?d d Ci=lmsi n d)
= [ I,"sin?6.do

1—cos26

=1 [7 =22 do (¢ sin’ .= =22

0
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= (1 — cos26).d6
= _

1% sin201™
-l
2 2 0

=% [(7-0) - (0~ 0)]

nl%,
2

S s

Area of first half cycle of squared wave
base

lims = ‘% = 0.707},

Hence, for a sinusoidal current,

R.M.S value of current, | = 0.707* maximum value of current.
Similarly, E = 0.707 K

Average Value:

2%

(0] —"Ill T

do

Fig:2.1.4. Average ValueRef:DSI ppt]
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The equation of a sinusoidally varying alternating voltage is given bye sirt.

Let us take an elementary strip of thickne@sdfirst half-cycle as shown in figure. Let the mid
ordinate of this strip be 06e0.

Area of the strip = el
Area of first half cyde= Ey[sin 0d0 = — En[-1-1] = 2B,
Average value, k= Area of half cycle /base = 2k
or E,=0.637 E,
Similarly, for alternating current varying sinusoidally,
lav=0.637 Iy,

.. Average value of current = 0.637 maximum value.

Form Factor and Crest or Peak or Amplitude Factor (K):

1. Form factor: The ratio of effective value (r.m.s value) to average value of an alternating
guantity (voltage or current) is called forncfer.

K¢ =RMS value/Average Value
K¢ =0.707}/0.6371,
Ki=1.11

2. Crest or peak or amplitude factor (Ky): It is defined as the ratio of the maximum value
to the r.m.s. value of an alternatiggantity.Crest factor is important in the testing of
dielectric strength of insulating materials, this is because the breakdown of insulating
materials depends upon the maximum value of voltage.

Kp =Im/0.707},

Kp=1414

()AC Circuit Containing Pure Resistance:When an alternating voltage is applied to circuit
containirg pure resistance, alternatingrent will be flowing thro the circuit.
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v = V., SinNn ot

Fig:2.1.5. Pure Resistance circuit.[Ref: DSI ppt]

V = Vm sin ot

i=Insin ot

Fig:2.1.6. Curret and voltage waveform[Ref: DSI ppt]

Consider an ac circuit with pure resistance 0
Let the applied voltage v=Min6 e (1)

Due to this applied voltage, current | will f
Substititing the value oé/6from equation (1) we get,

Current | is maximum when 9= 1, i.e.,

T T o p— (3)
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Power:
Instantaneous power is given by P 5,80 I, Sin® i.e., Vinlm Sin® 6
Thus instantaneous pewconssts of a constant paaind a fluctuating part
of frequency double that of voltage.
The average valuef over a complete cycle is zero.
or P = VI watts.
where, V = rms value of applied voltage and
| = rms value of current.
Power Cuve:
p = Vm Im Sinz ot
v 1 P _ R BN
Y T T T n
Vi Im
P
A 22\ :
7 i l
>
a b c
\Y / —{
N /
\ /
i = Im Sin ot
V = Vn sin ot
Fig:2.1.7. Power waeform of R circuit[Ref: DSI ppt]
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if) AC Circuit Containing Pure Inductance:

LI ——— v

od), i
vV = Vn Sin ot
Fig:2.1.8(a) Pure inductance circuit Fig:2.1.8(b) Phasor diagram
vV =Vn sin ot

i =Insin (ot-n/2)

Fig:2.1.8(c) Current & voltage waveforfRef:DSI ppt]

From the figure it is clear that current lags behind the applied voltag by
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Inductive Reactance:oL = 2xfL, is known as inductive reactance in ohms and is denoted by X
where L is in henry, fis in hertz.

Consider a purely inductive cpiback emf is produced due to the gelfuctance of the coil.
This back emf opposes the change in the current at every instant. Because of the absence of
resistance, the applied voltage is equal tciselficed emf.

Let the applied voltage be v 5\6in ot, and the selinductance of the coil = L Henry

Selfinduced e.m.f. in the coig, = -L%

Since applied voltage at every instant is equal and opposite to tedseléd e.m.f., i.e. V=g,

Vi sin ot = - (—L %)

or di= VTmsin ot. dt
Integrating both sides, we get

i = VTmfsincot.dt

or j =m (-cosot)+ A
oL

Where A is a constant afiegration which is found to be zero from initial conditions.

. -V
So, i = —2= cosmt
oL

.V .

Or i =2 sin (cot — E)
oL 2

Current(l) will be maximum when Si(‘mt—g) = 1, hence, the value of maximuoarrent,

\'% . )
Im:—(‘]]i1 , and instantaneous current may be expressed assm(cot - g)
D
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Fig:2.1.9 Power waveform[Ref:DSI ppt]

Instantaneous power,

The average value of power faomplete cycle is zeradence, power absorbed in a pure
inductivecircuit is zero.

Power Curve The power curve for a pure inductive circuit is shown in figure. This indicates
that power absorbed in the circuit is zero (positive power = negative power). Power is positive
when both voltage and current are positive gyatige if any one (v or i) is negative then power
becomes negative.
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(iif) AC Circuit Containing Pure Capacitance:

. @ e

u =V, sinat

Fig:2.1.10 Pure capacitance circuit with phasor diagf&ef: DSI ppt]

Vv = Vm sin ot

-4——[‘
~
w2 ~
T\ -~ —

i=Imsin (ot + xw/2)

Fig:2.1.11 Pure capacitance citgt. [Ref:DSI ppt]

When an alternating voltage is applied across the platesapaitor, the capacitor charged
in one direction and then in the opposite direction as the voltage reverses.

Let alternating voltage represented by = 'V' vbltsappled across aapacitor of capacitance C
Farad
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Instantaneous charge, ce= CVpSinot

Capacitor current is equal to the rate of change of charge, or

. d d .
i= d—(t’ = < (CVmsinot) = o CVpcosot

. V .
or |:Tmsm(oat+§)

oC

. . \%
The current is maximum when t = 0, 3 4—

oC

SubstitutingVTm = I, in the above expression for instantaneous current, we get

nC

i= Imsin(cot + g)

. 1 . . \% . - .
Capacitive Reactance:— in the expression,l=—" is known as capacitive reactance and is
)

oC

denoted by X i.e., X = =

ocC

Il f C is obai dads namavilbeanmlems. t hen X
If the applied voltage is given by=V,,sin ot =, then the
current & given by i = } sin (cot + g)

This shows that the current in a pure capacitor leads its voltage by a quarter cycle as shown or
phase difference between its voltage and current is with the current leading

l/wc is known as capacitive reactance and is denoteatby
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Fig:2.1.12 Power waveform[Ref: DSI ppt]

Power Curve: The power curve for a pure capacitive circuit is showfigare. This indicates

that power absorbed in the circuit is zero (positive power = negative power). Power is positive
when both voltage and curremegositive or negative. If any one (v or i) is negative then power
becomes negative.

R-L Series Circuit:

WW AT —— Vi

A 1 ~
vV 90°
;S 1 |
/
Fig:2.1.13a). R-L series circui Fig:2.1.13b)PhasorDi agr am of &6LO®
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XL = oL

Fig:2.1.13c) Impedance triangle [Ref:DSI ppt]

Let V = r.m.s. value of the applied voltage
I =r.m.s. value othe current
Voltage drop across R,R& IR (in phase with 1)
Voltage drop across L, \= IX, (leading | by 96)

The voltage drops across these two circoihponents are shown, where vector iBicates \&
and BC indicates V. The applied voltage \&ithe vector sum of the two AC.JZ

V={/VZ + V2 = /(IR)2 + (IX)?

=1 /R2 + X2
| = \'

}RZ +X2

The term{/R? + X? offers opposition to current flow and called the impedance (Z) of the
circuit. It is measured in ohms.

=Y
Z
7 =R*+X{
tan ¢_ VvV, _ LXy _ Xy _ oL _ reactance
VR T LR R R resistance
¢=tan"?! X
R

The circuit current lags behind applied voltage by an ande, if applied voltage is expressed
asv=Vy,sin ot, the current is given by i 7((sin ot - ¢), where L=V /Z

Dept.of EEE,DSCE Page43



Basic Hectrical Engineering| 2015 -
16

Fig:2.1.14a) Power waveform[R. series] Fig:2.1.14b) Power waveform[FC series]

Ref:DSI ppt.
Instantaneous poweR = vi = Vj; sinwt X I, sin@t - ¢)

= VpImsinwt .sinfut-¢)

1

=~V Im[cos) - cog2:t-9)]

1
Average power consumelé,:E Vi lImcCosd

P ="%.7cos}

P =V cosd
Where V and | are r.m.s. values of voltage and current

Apparent Power: The product of rms. values of current and voltage, VI, is called the apparent
power and is measured in valmperes (VA) or in kilevolt amperes (KVA).

S=VI

Real Power: The product of the applied voltagend the active component of the current
known as real power. It Bxpressed in watts or kiwatts (KW).

P= VI COSA
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Reactive Power:lt is defined as product of the applied voltage and the reactive component of
the current. It is expressed in valinpere reactive (VAR) or kilo volt ampere (kVAR)

Q= VIsinna

R-C Series Circuit:

Consider an ac circuit containing resistance R ohms and capacitance C farads, as shewn in
figure

Fig:2.1.15 R-C series circuit[Ref:DSI ppt]

Vr

-Vc

Z is impedance of the circuit

Fig:2.1.16(a) Voltage triangle Fig:2.1.16(b) Impedance triangle.
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Let V =r.m.s. value of voltagd,= r.m.s. value of current
Voltage drop across R,R£E IR

Voltage drop across C,AE IX¢

The capacitive resistance is negative, gasMn the negative direction of Y axis, as shown

V=yVZ+ (-Vo)? = J(R)? + (—1X¢)?

V = /RZ+XC2
v__vV

Or | = =
Z

/RZ +X2

Power factor, cog :g , | leads V by an anglé, a n f—f\—-c-

Power: Average power, P =v x i = VI cos

Series R-L -C circuit:

90°
90~
—_— | |

<
o
<
=
<‘_1
n

R L C
€
f— va —}— v o~ Ve |
Al Y
V4
i\
_/

Fig:2.1.17. Series R-C circuit[Ref:DSI ppt]
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oA
NS %
. XL- Xc
)
Y
0 R A >
- )(c—L
- wC
cyy
As Y
D
Ny G
¥ Vi- V¢
¢ Y
0 VR i A gl
:: Vc
cy y

Fig:2..1.18 Phasor diagram of-R-C series circuit

Consider an a.c. series circuit contairg

resi
capacitance

Coe. f ar ads,

stance

OR® dwems, ebnad
as shown abov

Let V =r.m.s. value of applied voltage .| = r.m.s. value of current

Voltage drop across R, Rr¥E IR
Voltage drop across L, \&= IX,

Voltage drop across C,A\= IXc
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AD = AB - AC
=AB-BD (because BD = AC)
=V_-V.
= (XL - Xo)
OD, which represents the applied voltage V, is the vector sum of OA and AD.
. OD =VOA?+ AD?or V = V(IR)? + (IX_ — IX)?
= WR? + (XL — X¢o)?
| = VINR? + (XL - Xo)? = VIZ.
The denominatodR? +(X, — X,) %is the impedance of the circuit.

Z2=R+ (XL - X% =R +X?

Phase anglé is given by

tan¢ = (XL;XC) _ g

Power factor,
_R __ R R
cop =7 = JRZ+(X,—X0)2  VRZ+X2

Power = VI cog

If Xc > X, then the current leads and the +ve sign is used
If X > Xc, thenthe current lags and tfiee sign is used

Z=R+]j(X -Xc)
The value of the impedance is

Z = \JR? + (X, — X¢)?

The phase angle= tan'l(XL;fXC)

229 = 2 tan* 2]

2£y= 2 tan*[}]
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Parallel Circuit:

In a parallel ac. circuit, the voltage across each branch of the circuit is the same whereas current
in each branch depends upon the branch impedance. Siecea@hg currents are vector
guantities, total line current is the vector sum of branch currents. Three methods of solving
parallel ac. circuits:

A Vector method.

A Admittance method.

A Symbolic or } method.

Fig: 2.1.19 Parallel circuit[Ref: DSI ppt]

Fig: 2.1.20 Phasor diagram[Ré&S| ppt]
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Branch 1

Current | lags behind the applied voltage by
Branch 2

Current § leads V byps.

Resultant Current:

| = V(I cos¢)? + (I sin¢)?

or | cosd = |, cosdy + I cosd,

or I sing = Iy singy — Iz sin ¢

| = (1 cosdr + | cosdz )2 + (I1 Sin 1 — |2 Sin ¢)?

If tan ¢ is positive, current leads and if tanis negative, then the current lags behind applied
voltage V.

Problems:

1. A series RL circuit takes 384 W at a power factor of 0.8 from a 12G& Hz supply.
Whatare the values of R and L?

Solution:
Given: V=120V, f=60 Hz, P =384 W and dpos 0.8
P =VI cosp = 384
1201x 0.8 =384
=4 A
Impedance, Z =V/I =120/4 = 30
Resistance, R = 2os¢ = 30 x 0.6 = 1&)
Now, X, = 2rfL =18 Q

S L=18/2rx 60=0.047H
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2.A voltage of 200 V is applied to a series circuit consisting of a resistor, an inductor and a
capacitor. The respective voltages across these components are 176d1Bl0av and the
current is 4 A. Find the power factor of the circuit.

Solution:
Current = 4A, ¥ =IR=170, 4R =170
SR =42.50
Vi =1X. =150
S XL=150/4=37.%2
Vec=1Xc=100
S Xe=25Q
Impedance,
Z=VR*+ (X_i Xo)?
=425+ 12.5 =443
Power Factor,
cosp=R/Z

= 42.5/ 44.3 = 0.96(lagging)

3.Find the reading of the ammeter when the voltmeter across-dhen3esistor in the circuit
shown n figure below reads 45 V.
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Solution:

I, = 45 / 3 = 15 A. I, = 1520° A The applied voltageV = 1520° x (3 — j3)

oo j30
W €
I\
X \
. +—
L 59 ]2Q

=15/0°x 4.24/ - 45
=63.6£ -45V
l,=V/Z,=63.62—-45/ (5 +j2)
=63.6,-45"/5.4.,21.8
=11.77£-66.8 A
I, = 11.77(cos 66.8D ] sin 66.80)
= 11.77(0.3939 j0.9191)
= 4.641 j10.8
| =1y + I = (15 + jO) +(4.64 j10.8)
| = 19.64i j10.8
=(19.64) + (-10.8)%~- tan* 0.55
=+385.7 + 116.6/-28.8
=22.4,-28.8 A

Hence, ammeter rea@2.4A
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MODULE -II(B)

THREE PHASE ALTERNATING CURRENT CIRCUITS

There are two types of system available in electric AC circuit, single phasthr@edphase
system In single phase circuit, there will be only one phase, i.ectineentwill flow through

only one wire and there will be one return path called neutral line to complete the circuit.

A poly phase system is a combination of several sipbgkse voltags having the same
magnitude and frequency but displaced from one another by equal angle (electrical), which

depends on the number of phases and determined from the following relation:
Electrical displacement = 3B@lectrical degree/ number of phases
There fore for three phase system = 360/3 ="120

T fadas Three phase circuit is the polyphase system where three
phases are send together from the generator to the load. Each
phase are having a phase difference of 120°, i.e 120° angle
electrically. So from the totalf 360°, three phases are equally

divided into 120° each. The power inree phase systems

o |

continuous as all the three phases are involved in generating
the total power. The sinusoidal waves for 3 phase system is shownflgelbw

Fig :2.2.1. Wave forms of 3 phase voltagé®ef : Wikipedial

The three phases can be used as single phase each. So if the load is single phase, then one phase
can be taken from ththiree phase circudnd the neutral can be used as ground to complete the

circuit.
Advantages of ThreePhase Systems:

e The output of a threphase machine is always greater than that of a spiglee machine

of the same size and less cost.
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e For transmission and distribution of a power over a given distance, aptnmse
transmission lie requires less copper than a siAghase line.

e Three phase motors have uniform torque compareepttate motors.

e Singlephase motors are not selfarting. Three phase motors are-sgdifrting.

e Three phase generators work in parallel without difficulty

¢ In the case of threphase star system, two different voltages can be obtained whereas in
the case of a singjghase system only one voltage can be obtained.

e Overall performance of-phase motors is better compared 4ohhse motor.

Generation of threephase voltage

Fig: 2.2.2 Generation of 3 phase valje [Ref : threephasepower.org]

Consider three electrical coils &, by b, and g c; as shown in the fig 2 mounted on the same
axis but displaced from each other by <%2flectrical. let the three coils be rotated in

anticlockwise direction in a magnetic field with an angular velocity aidians/sec, as shown.

When the coil aa is moved with the position AB shown in figure, the magnitude and direction

of t he emf 6s iouscdilsisasdndarrn t he var

a) E.M.F induced in coil aa is zero and is increasing in the positive direction. This is
indicated by g a.owave in figure
= €31 a2= BEn . SiInot = €,
b) The coil h b, is 120 electrically behind coil aa. The emf hduced in this coil is
negative and is approaching maximum negative value. This is shown hy theae

= &1 2= Em. sin [O)t— 27 /3] =€y
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