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&
%« .IDIM\ — Tﬂﬁ*\ \\QH \\ H\\ \ * %(‘
?é% 77 — 7Test) &= o= %
= L
& Put a circle around the letter that precedes the correct answer o=
= L
s for each of the following &
NN %
il L
NN 1- Unit of resistance is: &=
?i@ a- joul %‘
%%@ b- Amper o%ff%g;
é‘)’:}(‘ c- Ohm G%;(‘
?q d- Letter ?:%
é’i?@ 2- Ohms law is: ?g%&;
= &
30 a-R =+ g% ¢
@r' — K &
%5(‘ b-R =1 Q%%(‘
= _Q a=
@‘ C-I=+ é%@
7 g,q
=8 dv=y ? ¢
45 NEN
§$ 3- In series connecting is: ?2@
= (‘ . ] %%%
9 a- current variable and fixed voltages ®

b- constant current and constant voltage)

ng
>
o

c- the current variable and variable voltages)

Al g
‘ﬁ OQ@ Oy
i g

d- Constant current and voltage variable

9

@fq g <§
%'%Z@ 4- In the parallel connecting be: %g%%(‘
g &
He Ho

&, &8, &5 &, &8 8 & &, 8. &5 &8, & 8 & &5 &, I8, &
50 20 5% T T L0 T8 o T LR R0 T S0 e R T2 e e



Z%@ a- Variable voltages and current variable
g
S Q b- Variable voltage and constant current

N
@‘ ¢ - The current variable and fixed voltages

® d- Constant current and constant voltage

Q through which passes a current of
?ﬁ% 22 A?

b

%@« a-220 v

b-110 v

L5,

8

G5 _ _ _

® 6 5- What is the voltage across an electric heater of resistance 5
8

7] Cf%\@
sﬁ

c-121v

g @%\
~ol-o

d-80v

‘\JOQ 2

il

4é

@Q@\Cﬁ
o=

a&@%\

\dﬂ@ =
>

Electrical Current:

s
g

The continuous flow of free electronic constitutes an electric current. The
unit of current is ampere (A) and is measured by Ammeter. It is denoted by
the letter "I1".

e

L

Q)

(]
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%&i‘ Ampere: %‘

NES NEN
%%@ If one coulomb charge cross over the area of cross section of the %%@
%« conductor per one second then the value of current flows through the %«
?ﬁS conductor is called 'one Ampere'. ?fi
L L
S One Coulomb: f%;%%
(N ¢

% 21 x 108 Number of electrons is mention as one coulomb. %
g

o

¢

= &
® 0 Voltage: To %
%&‘ create the current flow in a conductor; the electrical pressure which is used %
s
L

) to move the electrons is called voltage. It is denoted by the letter 'V'. The %
Q;:j unit of voltage is 'volt' and is measured by voltmeter. %
= O (‘
& . &
iﬂ@« One Volt: @
Eq One volt means the force to move one coulomb of electrons in one second. S?%g
L} L}
& &
s : . =

5 a@ Resistance: G%%@
(1) The property of conductor which opposes the flow of current through it is %0
© . . . . . ©
% called resistance. It is denoted by the letter 'R'. The unit of resistance is ohms C?%
$$ (€2) and it 1s measured by Ohm meter. %Ezi‘
5 &
= ® Ohm: . 6
@ @
iﬁ%ji‘ When a conductor having 1V potential between the two end points; one i%i‘
S . . .

ke ampere current will flowing through the conductor and the resistance value g%
g (] of the conductor is 1 Ohm (€2). %Ej (]

U/ o
g &;f%‘*

Electric Power: %%(5

ey

L
g @C’
>

Power is defined as the product of voltage and current. Unit of power is C%&‘
watts and denoted by the letter "P". fisg

P=VXI watts i
6 o
8 @ I8 @R 48 48 8 4 O 48 &8 &8 R 88 38 88 &R E
L A e e L L R R L B R R L (0

@) =Ea @
A



N
?ai‘ The electrical unit: %‘

{ &
%&‘ Quantity Symbol Unit Abbreviation é@?@
& &
9 6 Current I Ampere A %‘

X @
;&‘ Voltage V volt \Y @
=

=

~7
3 =Ea
g

&
Resistance R Ohm Q %(‘

@ :
g

@O%\
p
g Oﬁ&w
2ol

~7)

@ =ES,
(1
g
g mes
J

Charge Q Coulomb C

@%\
~ol-o
Ean D\O@‘

L

g

5 Pz@\qp{l
>
@
N

Power P watt W %2@

@ ct Qg

&>
QOGQ\

»

@@-
0 =
Ve

] o
>

S QC@
iy

S
@ @2 ey
iy

S
CNTA= =
L

@) =Ea @
A
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?_& Engineering prefix: %

Power of 10 Prefix Svmbol 7
2 e
&y : = = &
ks f
Gy g == 3 &,
e

? 10" pico p c?%ﬁ
5 <
7 7
15(‘ Example-1 Express the following in engineering prefix: ﬁ«
A )
%@j@ a) 10 x 10* volt. b) 0.1 x 1073 watts. C) 250 x 10~7 ampere. if%&‘
?’ 7

&7 lution: 7
15« Solution ﬁ(}
o )

7 a) 10 x 10 Volt =100 x 103 V =100 kV. 7
B e
?@3 b) 0.1 x 1073 watts =0.1milliwatts = 0.1 mW . ha
=0 ()
2 c) 250 x 1077 Ampere = 25 x 107 A =25uA. 9
iy : e
S\ Example-2 Convert 0.1MV to kV )

GV G@"R
g (] Solution: %%(‘
= _ 6y = 3y x 107 = &=
@5 0.1MV = 0.1 x 106V = (0.1 x 10%) x 103 = 100kV 5@
GV G@v‘(g
20 L

Homework : Convert 1800kV to MV %

@ =eg
e

Law of resistance: %

ey

20
g
6ﬁ

The resistance of a conductor in a circuit depends upon the following ?,%
states: el

@) =Ea @
A

=
¢ o
& 48 88 I8 I8 48 I8 I8 E8 82 &8 468 88 88 88 88 &8 &8
130 e 0 B0 1B 0 Ry Ry By Ry o R My R My Ry e R
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%&‘ e |t depends upon the material. %

%« e Directly proportional to the length of the conductor. cg%&‘
g%%%& e Inversely proportional to the area of the cross-section of the %??%
3&‘ conductor. %‘
%ﬁ; e It also depends upon the temperature of the conductor. %@
; b

Resistance calculation: %

Where: c%&‘

2 )
65(‘ R is the resistance (ohms) %(‘
= S
%« p is specific resistance (resistivity) in (ohm. Meter). ??%&;
?% L is length of the conductor (meter). %
Ll

?%Q« A is area of the cross section of a conductor (Sg.m). ?%(‘
4 <

s - : i
5@ specific resistance: L
® (] The resistance that is offered by one cubic cm material is called specific © (]
@ 3 . e . el &
%g%ji‘ resistance. The following table shows the specific resistance of material: ;%i‘
@ . v . . . §7

L (‘ Materials Specific resistance is ohm - meter %ﬁ(‘
) Gold i 242 x 10 )
= &
‘?si‘ Silver . 1.63 x 10 g‘;@
q::j (‘ Copper - 1.724 x 10°® %%
9 . ©
o= Aluminium : 2.83 x 10° &
%?S« Rubber - 8 x 107 %&‘
q

g

Glass - 10 x 10" %ﬁ(‘

ey

Lt
@ @
>

: . N
Example-3: 1cm? cross section 50m long copper conductor has specific @‘
resistance 1.72*10® Q.cm find the resistance. K

@) =Ea @
A

C o
& 48 88 I8 I8 48 I8 I8 E8 82 &8 468 88 88 88 88 &8 &8
130 e 0 B0 1B 0 Ry Ry By Ry o R My R My Ry e R
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A g

é@%&‘ L =50m =50X% 100cm = 5000cm %f@‘
é@%ji‘ A=1cm? %%&‘
?ﬁ‘ specific resistance = 1.72 X 10730.cm C@%&‘
00 = 0.0086 12 é%&‘

L 50
5 R=p>=172x10"x

F=y &
é@@ Ohm's Law 5%(‘

O
= =
g{%@ A relationship was derived by the scientist Ohm; between the current; g%&‘
%@ voltage and resistance of the circuit. It says; i&%g 0
6?%@ "At a constant temperature; the current flowing through the circuit is directly gi%
fj(‘ proportional to the voltage and inversely proortional to the resistance". =0
?5& ®
= &
e . R
& c O &

urrent =
%si‘ Resistance \?2@
E &
) (‘ i.e. I = ©, (‘
g2 v &
174 g

V=I1IXR

-l o
o

When the resistance of a circuit is constnt; if the voltage increases the S

S
g

&
current increases and the voltage degreases the current decreases. If any two ?@‘

: i 3
of the three values (I; V; R) are known the third value can be easily %%0
calculated. 9

@) =Ea @
A

=
¢ o
& 48 88 I8 I8 48 I8 I8 E8 82 &8 468 88 88 88 88 &8 &8
130 e 0 B0 1B 0 Ry Ry By Ry o R My R My Ry e R
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@%

e

g

O\@Q
=

&
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g
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Example-4The supply voltage of the circuit is 240V and the resistance value
Is 12 Q. Calculate the current flowing through this circuit.

Solution:
Voltage (V) = 240V
Resistance (R) = 12Q
Current (1) =?
According to Ohm's law

I_V_ 240—20,4
R 12

Example-5 The supply voltage of the circuit is 230V. if 10A current is
flowing through this circuit. Calculate the resistance value of the circuit.

Solution:
Voltage (V) = 230v
Current (I) = 10A
Resistance (R) = ?
According to Ohm's law

V230

230

1~ 10

Homework: Find out the voltage of the circuit when 6A current is flowing
through the circuit. Resistance of the circuit is 40Q.

52 20 o TR0 0 T S0 TR0 e e e T2 e R0 e e



%@i‘ Electrical Circuits: %‘
Y d
@&‘ The circuit is defined as; the current flows from the supply points through %

&0 the load to complete path. The type of electrical circuit are: 5
S o
& 1) Closed circuit. 2) Open circuit. 3) Short circuit. e
S o
& &
S . L
g 1. Closed circuit a=
S <
?R When a load is connected between two terminals of an electrical supply in ?Qﬁ
?ﬂ‘ such away; that the current should pass through the load is said to be closed C@;
as circuit. &=
0 S L(
& Ve ok ! (V) Y
ek )
Q g
L} L}
& &
ek )

g
. — 1 2

I| %«

2. Open circuit %g

g B =E~
(s
2ol
g g
c'le

@ In a circuit if there is no way to the flow of current due to disconnection of ¢
i In acircuit if there of current nect &
= é(‘ wire or if the switch is off state; then the circuit is said to be open circuit. %2@
e &

S
@ @2 ey
iy

ey

$

R ] | 0
@{'Q @{R
e &

& 08 688 a8 088 a8 R 68 R 88 68 8 88 6888 88 88, &
L R R R L A R
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9 6 3. Short Circuit: %‘

& &
@&‘ The wires contact each other when there are connected in supply; the short %
%« circuit will occurs when two terminals of the supply is connected directly %«
b without the load the current flow of the circuit is infinite because it has no %

&3 : &
@‘ resistance. g@;

b / )
& / &
2 ¢ & o | | ﬁ“(‘
& L &
e | e
as i
e <
K S L Y
=0 Classification of electric circuits =0
=0 1. Series Circuit. 5%(‘
b b

@ i i @
%%15 2. Parallel Circuit. %@‘
b 3. Series Parallel Circuit. ?3
= (‘ P %(‘
S 4. Mesh or Network Circuit. ®

@&%
e
Vg

1. Series Circuit: %{

40(1
>
g
>

L P A L
?@ \%! pre V2 — V3 A i:f%%
é%@ E (or) | Cé%&‘
o -
e e

&, &8, &5 &, &8 8 & &, 8. &5 &8, & 8 & &5 &, I8, &
50 20 5% T T L0 T8 o T LR R0 T S0 e R T2 e e
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&
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=

&
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g
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"I" ampere current flows in all three resistors"

Each resistor has a voltage drop across it as given by Ohm's law. Thus

V1 = IR1, VZ = IRz, V3 = IR3

The total drop in three resistors put together is:
V - V1 + VZ + V3
= IR, + IR, + IR,

=I(R1+R2+R3)
|74 |74
7=R1+R2+R3|:7:R:|

where R = Ry + R, + R;

Voltage divider rule:

V.=V Ry

= X

1 R, + R, + R;

V= VxR

2 R, + R, +R,
i R;

V, =V

X
R; +R, +R;

Example-6: the 20Q; 40Q and 60Q resistors are connected in series across a
240v supply. Find out the total resistance of the circuit and current that flows
through the circuit.

52 20 o TR0 0 T S0 TR0 e e e T2 e R0 e e



S R, =20; R, = 40; R, = 60

&
g@ E = 240v

%« Ry =7; I =?

According to Chm's law:

Vv
:R—T

9 Bl
0
3ﬁ

I

where R =R, + R, +R; =20+ 40+ 60= 12001

g @%\
~ol-o

V 240

= _——="_=24
R 120

%z@\qo s

S

@V

é:ﬁ ® Example-7: Three resistors are connected in series. The total resistance (R+)
% of the circuit 1s 60Q. The first two resistors are 25Q and 15Q find out the
e si‘ third one.

@V

‘%:ﬁ (‘ Solution:

ﬁ%@ 250 150

b R, R, R

<0 |

X0

g Supply

1
2 (‘ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 2
520 26 o S0 R Lo T To TR LR R TR0 S0 e e S0 e
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& _ _ @
g?%ji‘ R, =R, +R,+R, 60 = 25+ 15 + R, c@
?R R; = 60— 40= 200 ?Qg
s o - L
= 2. Resistance in parallel Circuit: %
o <
?R When resistors are connected across one another so that the same voltage is %
Qﬂ‘ applied between the end points of each; then they are said to be in parallel. %‘
g The current in each resistor is different and the current | taken from the %?%;
%%@ supply is divided among the resistors. %
N &
%%@ 7 e =
= &=
R . | Re
~——>— | ®Ra2 | ¢

%« %%(3
& T4 1t R } &
L) (‘ ﬁ::(‘
& - . &
ﬁ I V f
§$ o0

In parallel circuit total current (I) is equal to some of the current I4; I, and Is.

7]
(
aﬁ
X @)
»

g I=L+L+1 &L,
e 40
¢ According to Ohm's law we can find the total resistance (R+) as given below: %g

I
=
d

>

i &
S So
78 o

S
@ @2 ey
iy

S
CNTA= =
L

@) =Ea @
A

=
¢ o
& 48 88 I8 I8 48 I8 I8 E8 82 &8 468 88 88 88 88 &8 &8
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3 Al

R,R,R .
g Ry = ichic &
é?@ T T R,R;+R,R,+R,R, g%(‘
s &
gﬁ (‘ V=V,=V, =V, g&‘
- e
?%Q Example-8: 6Q and 4Q resistors are connected in parallel through 240v ?%
Ql . . 5. o N
s supply. Find out the total resistance and current flows in it. i
Do v L
5« Solution: %(‘
s )

e
@
A

@ ct Qg
&>
o
[
QCM
»

i
s

g
e
»
v
~@

-JQQ
&>
o)

~

—
@ O
(4
»

O@@w&?
&>
o

240V 5

N
}
J

S
Gang) =E
L

@) =Ea @
A

£
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& 48 88 I8 I8 48 I8 I8 E8 82 &8 468 88 88 88 88 &8 &8
130 e 0 B0 1B 0 Ry Ry By Ry o R My R My Ry e R



?,
& R,=60 R,=40 V= 240v NES
%« 1 5%(‘

%« Ry =7 %%&‘

2 .
N &=
% In parallel circuit %‘
s d
Qﬂ‘ o _ RiR _6x4 24 g%@
K= T"R,+R, 6+4 10 o5
58 Q]
p i ' 7
%&‘ According to Ohm's law %

-
~J
e

& V240 Z
9%@ J_RT_2_4_100A @ﬁ(‘
& &
%’%%« Example-9: Three resistors 10Q; 5Q and 2Q are connected in %@‘
6’5(‘ parallel. The total current flowing in the circuit is 2A. find out é;%ﬁ(‘
b the total resistnce and supply voltage of the circuit. S
& | =
§$ Solution: g{@
2 Re
b R, =100 R,=50 R, =20 9

dﬂ Q\dﬁ ey
(
2ol o

=

=

!

W

[+

e

Il
Qﬁc@\qp @
L

& 10Q &
e 2 e %
7 \ &

74 50 éé“

o@w
&>
Y Y
¥
~
P
Ay

N Q
&
v
ol

b
®
9 =
(4
»

T42A° T 1 Rz &=

ey

Jo

oo
A

Q)

; 5@?@

Z s

&, &8, &5 &, &8 8 & &, 8. &5 &8, & 8 & &5 &, I8, &
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%&‘ R.R.R, 10X 5 X 2 %‘

NS Rr= = X
;g%i(; R,R, + R,R, +R,R;, (5X2)+(2x10)+ (10x5) %:2%;
& 100 100 &
@‘ ~T0+20+50 80 _ 2% %:g;

&=
) V=IXR;,=2x125=25bv g%g‘

Is _ . o 5
?@ Resistance in series parallel circuit:  In this circuit one and more g’%ﬁ
%« _resistors connected_ in _series with one more resistors connected in parallel. It %(‘
) is a combination of series and parallel circuit. %i
g &
0 L (
& &
i Rz =
50 5 ®
5 &
() — R, Rz [ R %%(t
= ‘ =
%si‘ v Rs %2@
@V

{

o
>

@ =88
(1
L

& - > &
Here the total resistance (Ry) of the circuit is:

(] o) S

o Ry = Ry + R, + ——3 X Ra X Bs %%(‘

s r ! > " R4Rs + RsR; + R4R, hs

S
@ @2 ey
iy

&
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oo

J o
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?&i‘ Q.1 what mean by: %‘

b Current, voltage, resistance, ohms law $
o &
8 q, w0

&
Calculate the voltage across each of the resistors shown in Fig. %&‘

N and hence calculate the supply voltage F. N

[ ¥

R e
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SN
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g

g
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Example-7: 10Q2 and 8Q resistors are connected in parallel with a 4Q N
resistor is sries. Find out the total resistance of the series parallel circuit. %%

Solution: é
&

A B
Ay
3@
e

I
=
d

>

[ 10 €2 7

4Q — g:i‘

»
oy
o

9V

@ g

L I L
\Y/ =
¥

s
g

N Q
&
9 =

(4
»

10x8 80 @fg

;’%@ Ry = 4+ g = 75 = 8440 L (
5 2
@”R @’R
e b
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Example-10: Three resistors 2Q; 4Q and 6€ are connected in parallel. This
parallel combination is connected in series with a resistor of 1.5Q . Find the
current through each resistor when the applied voltage is 10v

2 Q0
1.5 .
C B 4 Q
] %
6 Q
10V
Solution:
R,R,R; 2X4X%X6

R = =
P R,R;+RR;+RR; (2x4)+(4x6)+(6x2)

_ 48 _48_109Q
8424412 44

Rr=Rp+R, =1.09 + 1.5 = 2.59Q

Total current in circuit is:

Voltage drop across AB is:
Vag = X Rp = 3.89 x 1.09 = 4.24v

(Voltage is constant in parallel circuit)

. . % 4.24

Current in 2Q resistor = f =-——= 2.12A
1

. . % 4.24

Current in 4Q resistor = —28 = === = 1.06A
R, 4

. . % 4.24

Current in 6Q resistor = f =——= 0.706A
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1-circuit containing resistances connected to the value of each
respectively (2, 4) Q and source voltage value (10) volts find
total current, resistance and voltage on all resistance

2. - circuit containing resistances connected in parallel value
each one (4, 8) Q and source voltage value (100) volts find total
current and resistance college and stream all resistance?

3- What is the charge transferred in a period of 8 s by current
flowing at the rate of 2.5 A?

4- A 960 ©Q lamp is connected to a 240 V supply. Calculate the
current in the lamp?

5- A voltage of 20 V is required to cause a current of 2 A to
flow in a resistor of resistance 10 Q. What voltage would be
required to make the same current flow if the resistance were
40 Q?
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1]Q1 c [1|E}
Electrical Current: %‘
The continuous flow of free electronic constitutes an electric current. The B 2 g”q%
unit of current is ampere (A) and is measured by Ammeter. It is denoted by the @‘
letter "I". =
Voltage: To %
create the current flow in a conductor; the electrical pressure which is used to %
2 | move the electrons is called voltage. It is denoted by the letter 'V'. The unit of d |3 @{R
voltage is 'volt' and is measured by voltmeter. %%(‘
Resistance: O
The property of conductor which opposes the flow of current through it is g%q
called resistance. It is denoted by the letter 'R'. The unit of resistance is ohms @
., . ©
(Q) and it is measured by Ohm meter. z
3 Ohms law: c 4 %«
"At a constant temperature; the current flowing through the circuit is directly O
4 proportional to the voltage and inversely proortional to the resistance". b 5 &
o3 O
$
@r
V= IR, =15%2=30V ()
9
V,=IR,=15x3=45V %&‘
Ea - T ©
,=IR;=15x8=120V &
. ; e - |y - T %0
V=1 +V,+ V;=30+45+12.0=19.5V ®
)
LG

) & g
i
@ QQQ

»
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Put a circle around the letter that precedes the correct answer for

each of the following

1- AC current is:
a- Fixed intensity and direction variable
b - Intensity variable and fixed direction
c- Constant intensity and direction
d- Intensity and direction variable
2- The highest value of the alternating current when the angle:
a- 30
b- 90
c-0
d- 45

3- Phase difference between voltage and current in the case of
pregnancy resistance

a- The same phase

b- Current lead over voltages
c- The current later than voltages
4- The unit of frequency is:

a- pa

©

&



b ¢ b- Weber

?%%S c- Farad

g

v ¢ d- Hz

N

Qﬂ‘ 5- The rms value is equal to:

N

© « a- Inax

g’%% v2

2 b- BLv sin 6

L

7 C- 1,54, SIN Wt

L]

%i d Zlmax

& ST

@ 4

Ql e . =
(]

&

s

9.8 PR | PP | IO

& - L. .

?$ ;//AAL//QU\jA\ UAJS‘;\

L _

é%q Alternating Current:

?$ Alternating current may be generated by rotating a coil in a magnetic field
g (‘ as shown in figure (a) or by rotating a magnetic field within a stationary coil
A

as shown in figure (b).
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@%‘i‘ Z 4

R ™ Stator I %?%g
f DL &
%%@ ) R C@‘

O

& 1 1 1 1 1 1 &

%ﬂ@(‘ _ Al_ternfaltmg current flows in one dII’E(:':tIOI’l one time and later |ts_ changes ?@‘
its direction of flows. And the magnitude changes at every time. The ©

9
g« magnitude depends upon the position of the coil. i%%(‘
A %
éf’%@ 1 CYCLE : g%g
— =
- /\ L(
& 180°  270° 360° =
I N S/ =8
g
50 (]
= &=
8 Fs
& 6 Advantage and disadvantage of AC current: %ﬁa
2 S

o) =Ea
C’/gﬁ
¢

Advantage: &L,
e

?@ e It easy to conduct AC to one place to another place. %0
p e In AC current easy to develop high voltage. 2

e ) ) %
% e AC equipment is low cost. o0

Possible to convert to DC. %@%“
Easy to step down of setup the voltage by transformer. %

-8 6
&L B I B, Y. &N, . & B & . &, Y, . R B ], &
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§$ e AC motors are cheapest. %‘

= &
%%‘ Disadvantage: %
S N

?&i‘ e Cannot able to store in battery. ?f&
gﬁt e Because of high starting current in AC the voltage drop is ?@5
@%‘ occurred. 5‘%«
ha = e The speed of the AC motors is depending up on the %
?ﬁ; frequency. ;ff%gb
K e According to the induction load; power factor gets low. &
8 s
= If coil rotate in magnetic field or magnetic field rotate inside the coil there is %’%K
éj@ an alternating e. m. f. generate in the coil. The generated emf is proportional (

O
%« to the _number of tur_ns gf coil, magnetic field strength, and the angle between g@‘
the coil and magnetic field. $

=<
@
Ay
@ =Es
n;%

éq @lq
%@%@ e = BLvsin 0 ;f?i‘
65(; From this: %(‘
& 9
%;’a%ji‘ L = Length of the conductor. %%1‘
7 5

G;:j (‘ v = Velocity of conductor. %g(‘
b _ s
ia%ji‘ B = Flux density. ?E%‘ji‘
g 0 = angle between field to conductor. ER
T (‘ %(‘
7 e = generated AC emf °

1A
> Ve
g

o)
The generated AC emf value is depending upon the sine value of the angle %
between the magnetic field and conductor. %%

S
Gang) =E
L

@) =Ea @
A

=
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&?« 7

¢
”,

(a) 0° Position: Coil sides move (b) 90° Position: Coil end A is positive

é‘% parallel to flux lines. Since no flux is with rcsRcct :0 t{?:l.Cur.rcmAdircclion
s (‘ being cut, induced voltage is zero. b e i

A

{7

&

L

Y \() a’g -
e

31

\(" XN .'\‘\(" S
e e

n(lt 2
>

Wy
g

k. (‘ (c) 1807 Position: Coil again cutting (c) 180° Position: Coil again cutting 94
2 no flux. Induced voltage is zero. no flux. Induced voltage is zero.
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%&‘ Cycle: %%&‘
?R An alternating current complete set of one positive half cycle and one ?‘%
%%@ negative half cycle is called one cycle. %
qr @v
?@ Time period: ﬁ(}
& : : : : &
! The time taken by an alternating quantity to complete one cycle is called )

5 &‘ y gq y p Y ?igt

time period. It is denoted by the letter "T". %

@
g

e

& @
7 g
éj { Frequency: é%(‘

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

@\@%
X G
&

I
=
d

>

é%q« Instantaneous value: %%1‘
§s¥ The alternating quantity changes at every time. ?"R
= o 0
Z V= VypaxrSinwt or i = [,,,Sinwt &
L e
9 Maximum value: ?[é
Q

X Q
&
9 =

(4
»

The maximum value positive or negative of an alternating quantity is 5
known as its maximum value. Denoted by "l max OF Viax g%&‘

) sy &

e
g

10
73
>

What is different between AC and DC current? %
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%&‘ Effective value and RMS value: %‘

= &
@&‘ The effective value of an alternating current is given by that DC current %
%« which when flowing through a given circuit for a given time produces the %%&‘
?g% same heat as produced by the alternating current when flowing through the ?Qﬁ
i@%‘ same circuit for the same time also is called root mean square value RMS. ;f@;
2 The voltmeter and ammeter are read the effective value only. @
S L
? = RMS value = fmax or Vmax E%g
S z 7 S
€ A : &
verage value:
S : L
gﬁ« The average value is calculated by the averages of the maximum value of %«
? alternating quantity at different instances. ?‘
%ﬂ@(‘ %%(3
?Qx Average value = 2lmax or 2Vmax ?fi
e ’ " " 6
A )=
%« $2 S Ll %{1‘
?5% An alternating current has the following equation i = 10 sin(40mt) find: 1) %
%%j () average current. 2) The frequency. 3) The current after (ﬁ) second. 4) The ® 6
7 i @
ia%ji‘ time to reach the current 9A. i%i‘
o)
) In phase: %
= (]
S - . =
% If waveform of two AC quantities (voltage or current) gets the maximum %é%
? &t and zero at same time then they are said to be in phase. ?Eiib
= %%(5
9 4 2
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9 6 Out of phase: %‘

& &

@&‘ If in AC circuit two quantities namely voltage or current waves get the %
%« maximum and zero at different value then they are said to be out of phase. %«
9 o0

G’R N | @’(&
;@ .J"'_‘LI 'y oV %
@ﬂ‘ . Pt . o [ %ff%g‘
@r({ —{ O | V — @’R
&, 7 &
%‘ Current leads %%g‘

Current lags

SO
Ha L
% T W . R e e . WL, T T —— S
L =
& &
) vo A}
%“ IIDAQ‘ - TDC*\ ‘\Q*H \\ ~.~\\‘\ S %(‘
§ a
$$ st — Test)) g s %2@
& @rq
He “o
5 &
§$ 1- What type of electrical power plant? ?,;;é‘
= Lo
9. ¢ 2- What are the factors that depend on electrical driving force bs ¢

1A
> Ve
g J
>

during file rotation within a magnetic field or magnetic pole ?%&;
rotation within a file? %;

3- An alternating current of sinusoidal waveform has an r.m.s. %
value of 10.0 A. What are the peak values of this current over g&
one cycle? %%%0

¢ L<(

; s
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b Re
9 4- An alternating voltage has the equation v = 141.4 sin 377t; %

0 &3
%zaﬂ what are %
& : &

L () The values of: é:g;
N : &
Qﬂ‘ (@) r.m.s. voltage; g@;
& b) frequency; &
R () frequency; L (
%ﬁ:@ (c) The instantaneous voltage when t = 3 ms? %%&‘
9 9
%ﬁ:@ 5- A moving-coil ammeter, a thermal* ammeter and a rectifier g%&‘
?q are connected in series with a resistor across a 110 V sinusoidal %
g (] a.c. supply. The circuit has a resistance of 50 € to current in B (]
gﬁ%%« one direction and, due to the rectifier, an infinite resistance to g‘%“
?{3 current in the reverse direction. Calculate: %
Re Re
v (@) The readings on the ammeters; 9=
9 9
L e
L <
Z o=
20 L
g &
L L
Z o=
5 e

S
@ @2 ey
iy

J b

9 9
N NE
L L

&, &8, &5 &, &8 8 & &, 8. &5 &8, & 8 & &5 &, I8, &
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Thermal power plant,
hydroelectric, solar ,wind
,energy wave of the sea
,huclear plant

The number of turns of coil,
magnetic field strength, and
the angle between the coll
and magnetic field.
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9

14 .14A

N

ﬁ.

7

G

100 V
60 Hz
127.8 V

.gpQ

>

@

iz

7

g/

1.56 A.

1-The defernt between ac current and dc
current is the frequency
2-
, 2imax  2+10
zA,,=‘T=T=6.3A 1
w = 2nf = 401 f===2

20Hz

i = 10 sin(40mt) = 10 x .3
sin (40n X i) = 0.194
110

9 = 10sin(40mt) sin(40mt) = .4
9

10
40t = 0.357
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& ADve - Toct) loll [Nl Y &

= & — 7Test) & ST &
e, o d
SN Put a circle around the letter that precedes the correct answer &
() o8
NE for each of the following %

e

=

%&‘ 1- the angle between each phase in three phase system is: %%&‘
@ R g (g
% a- 240 @‘
& =
@ b-120 L 0

c-90 %

~7)

@
g
>

s d- 150 g
) e
§$ G%Eii‘
5(‘ 2- In star connection the line voltage is equal to: %(;
S S

VH
! e
&

a- Vi=v/3 Vpy )

o
=

S QC@
»

VPH 9

b- VL:W %%&‘

C- V1= Vpy %‘

o

2 W\
>
v

X Qﬁc@\@ ey
[
9 B s

(
e

d- V|_=\/§ VpH

3- In Delta connection the line voltage is equal to:

ey

L
g @C’
>

a- Vi=v3 Vpy g
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ps z
%f%« C- V1= Vpy %@‘
, fi=
® d- Vi=v2 Vpy %@‘

%
b a- 1:=V3 Ipy %

o
S
Qﬂ‘ 4- In star connection the line current is equal to: b
S
L

~
) =R
g

b- IL:ﬁ
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g{%« C- ||_= |p|.| g%&‘

g =es
(1
g
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d- 1.=V2 Ipy
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g
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oy ©
?5 5- In Delta connection the line current is equal to: %
() =)
é?'g(‘ = Bl é;i‘
?’;S b I_IPH ?é%&
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& £
@‘ Three phase system g@‘

%« &
) G Three phase generator: @‘
&S S
%%@ Large scale generation of power is achieved by generating three phase e.m.f. g@‘
%ﬁ:@ using three separate windings insulated from each other. They are placed on C@
by S
Z the rotor of the alternator. The windings are displaced at angle of 120° with @
05(; %%(;
?%Q each other as shown in figure (a). When the rotor is rotated e.m.f. will be ?%
Q g
) - i i )
?ai‘ induced in the three coils (phases). ?’;%
Q g
L} L}
s ! &
s 3 =
§$ 1 o0

g
(s
aﬁ
)
-
e
&

) AN
g
s

T
@) =ER
g

9
=
]
s
»

i &
L L
= o
® (‘ The instantaneous values of the three e.m.f. will be given by curves of figure S 0

. “
e, = £, sinwt %&

e, = E,,, sin(wt — 120°) %?%

e, = E,, sin(wt — 240°) %i
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b Numbering of phase Gg%(l

g

g%%« The three phases may be numbered 1; 2; 3 or a; b; ¢ or as is customary they g?%a
?sS may be given three color. The colors used commercially are red; yellow and §<¥

4

(
3ﬁ
@ =ea
J

blue. In this case the sequence is RYB.

) AN
g
) =
g

Interconnection of three phases: &

I
=
d

>

g a) Star or Wye () connection. =
g%i‘ b) Mesh or Delta (A) connection. ?g‘
- . &
= (3 Star or Wye (YY) connection ® (
& - . N s
LS () The three coils are joined together at point N as shown in figure this point %
@"q is known as star point or neutral point. The three conductors meeting at point =
Y= . %
® ¢ N are replaced by a single conductor known as neutral conductor. S (]
@

S
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=

e {

g::}% The line voltage is equal to: %
Q

? VL = \/§Vphase %

Where V_ is the line voltage and Vs is the phase voltage O
= . . . =
§$ Current in phase 1 = Ig ; Current in phase 2 = Iy ; Current in phase 3 = Iz %&‘
65 ] Ip=I, =1z =1 %
%i (‘ since Ig = 1y = Igp = phase §:0
g . _ b
gﬁ&‘ the line current I, = L,pgse g@{i‘
qr

Total active power is:

g
(
aﬁ
X @)
»

@\@%\
d

P =\/§.VL.IL.cosg0 ?%ji‘

o
=
QQ%\
i

Total reactive power is: & =

) ZEAN
o
\Gﬁ (2
&

Q =V3.V,.I,.sing &
o ¢

“JOQ 2
>

Total apparent power is: b s

S =+/3.V,.I, Obviously S =+/P2?+ Q2

S
@ @2 ey
iy

J b

3 v
g &
L L

&, &8, &5 &, &8 8 & &, 8. &5 &8, & 8 & &5 &, I8, &
50 20 5% T T L0 T8 o T LR R0 T S0 e R T2 e e



?&i‘ Mesh or Delta connection: %‘

eff% =
%&‘ In this form of interconnection the dissimilar ends of the three phase %
%« winding are joined together as shown in figure. If the system is balanced %(‘
?ﬁS then sum of the three voltages round the closed mesh is zero. %
L &
= 1
Q

7 A \ YWy Mar @
o 3 "f?' d <§
: e S
g e 2 &
‘%:j (‘ T (Iy-Ig) EV” 3 g%(‘
& - *—oF &
= (Ig ~Iy) )
?ai‘ By %
Q g
%%:j (‘ S (‘
&= The line voltage is equal to: K
58 _ 50
6'5(‘ VL= Vphase %(‘
?Q Where V_is the line voltage and V. is the phase voltage ?Q%
() el - e
?s& Where V_ is the line voltage and Vs IS the phase voltage S

3
=
QQ%\
i

the line current I, = V3. stz ©:

& NE
%%i‘ Total active power is: ?@
7 grg
%%j(‘ P=+/3.V,.1,.cos ¢ g%(‘
@ 3
?@ Total reactive power is: %{%&
ég 5 @’Qg
?@ Q= V3. V,.I,.sing %%(‘
&

2ol o g
g v,

Total t is: %

otal apparent power is ?gg‘

S =+3.V,.I, Obviously S =.P?+ Q2 %%(‘

J L
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1-Why connecting power generators AC three-phase at startup ®
@ &
'5« on the shape of a star and then turned to Delta? @
9 -
T 2 L
? Example 19.12. 4 star-connected alternator supplies a delta connected load. The impedance ?
g x of the load branch is (8 + j6) ohm/phase. The line voltage is 230 V. Determine (a) current in the Crg’
= (‘ load branch, (b) power consumed by the load, (c) power factor of load, (d) reactive power of the &
z load. (Elect. Engg. A.M.Ae. S.I. June 1991) ?
% ‘ B
9 1 ?g
& Wa Y 7
g \ g
@ 'lan'I' — TPQH 5.1.‘}\ W \>’\-< @‘
” ’ p— J ) 4 \I | [\ >
o= 25l — Test) G>N S &
L L
@ @
}.%')\(‘ 1- 'r"""\(‘
o S
.‘: Example 19.1. 4 balanced star-connected load of (8 + j6) ) per phase is connected to a %
A=) (‘ balanced 3-phase 400-V supply. Find the line P %;:(‘
éﬁ‘% current, power factor, power and total volt-amperes. T B 35 -+ _‘ ‘;IL%
gé‘ 400V ~_ lI(sﬂé) ?g‘
& S §7
™ g
: () ‘L NG 5(‘
s } 5\ e h_\ﬂ:{w =
Z SEHe) T &
). '*(‘ o ‘r"’\(;
92 »7:&
& @
&
< =

Aw\
he

0 =P
Py

n(lt 2
>

Example 19.10. 4 three pahse 400-V, 30 Hz, a.c. supply is feeding a three phase delta- )
comnected load with each phase having a resistance of 25 ohms, an inductance of 0.15 H, and a g’gb
capacitor of 120 microfarads in series. Determine the line current, volt-amp, active power and %(‘
reactive volt-amp, [Nagpur University, November 1999] &
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0 R o TS o e R el

%%@ 3- Determine the delta equivalent circuit for the star circuit %‘
%%@ shown in fig. j%‘
2 S
3 S
30 %
G 0
R | &,
f%;i‘ s e S A -
;ﬁﬁ () absorbed by ealch phase. (Elect. Engg - 1T Pune Univ, 1991) ﬁ(‘
40 Lol 19 e e et e comot s e Fomet.—+——+ 3o
a= o | =
S0 VT ot e SOOT a0 sy 58
=yl =
B et e e =
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= (‘ . ! y
%%‘ '.*\ A \.a.\\\.‘}\ ‘fﬂ a ‘\ \\T g \':\A :

fg L feis Y e AN .

é{?

%&ﬁ ganll HLasY) Agal) el Ly

DS

é“id o I 1| 1- This connection used
= Sulio, Zp»' W46 =100 )

?q | to protect the engine
%%’ii vpb=4on/\f§=23w from starting higher
K=Y IEOE IR current value, which
§R« e may range from 6 to 8
(L times the value of the
= i =os 01,7, B0=(4 1 rated current of the
Ll | motor

g;jR (‘ (i) Row P JEV[ILcos 9.

%i o ; | ! ] —

%« - el 08 =0t =1 =30 7 =120 _IPH-23A

° o P=12684 W

“5 « () Tt ol = ‘/EVLI[ =3 o0 L= 16000 VA P.F=0.8

9 Solution, Impedance per phase 7+ X, - i -

gl o 2 Q=9513 VAR

= $ Xl=‘ Idxli=4110

&0 w ﬁx. A
¢ 9 9
C

® E CUSO:@ Lagatng, since inducive seactance .
@5 § dominting | :QA‘U RW\ L
L i KIERY!
@ Plse Crrent = 77— =130 4oy
%@‘ B+ 1056
? Line Comrent = | Ox12g7 = damp h
G§ Since the power factor 15 0772 lageing, Fig, 192
P oy
S
g Q(‘
9
@
g
By
W Zi=(7+j4) 3

@ | 22=(1.5 +§5.5) Q
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= , , , <R3ByRoRoc
§$ Z3=(7+j4) Q %@5
%%j@ I,=13.3A 4 5 |5 ﬁﬂ‘
= | P=1061W =
i%i‘ lacTive=288.8A 5 @
EVVQQ Ireactive=216-6A ,Qg
% P=5625 KW \ﬂ‘
&

w

¢ L
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G’R

=0 X o A S

g% ADva _ Tock) 1ol 1Ny ;%%

%1 FZ& — Test) &= T=x> %
(]

%‘

Put a circle around the letter that precedes the correct answer &

-
~J
e

for each of the following %

@ ‘
g
>

& 1- The unit of MMF is: &=
?@ a- amper-turn i;%(‘
s &
@ povolt Lo
5(‘ %(‘
s c- amper-volt s
LS &
58 L
5 d- amper-m %%g(‘
. b s
& 2- Reluctance i | to: &
%%i‘ eluctance is equal to ?K‘
& g,g
‘? (3 a- S=ﬁ @g%(h

Q\@QQ‘@\@ ey
[
7
T
K=
9 B s

(
L

o

= >
Oy ‘ﬁ @y
s
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%« 3- Electromagnetic waves generated when ?{%&‘

b4 S
&5 a-Continuous flow of current in a wire NEN
S o
%@ b- Electric charges in movement at a constant speed wire %&‘
S $
%ﬁ:@ c- Accelerated movement electrical charges in the wire %%&‘
L) 9
%ﬁ:@ d- The presence of static electrical charges in the wire C@
S $
E{:@ 4- That could hasten the electric charge in the connector when it i%(‘
A )

¢ affects ¢
Ha L
2 a- Static electric field 2
& &
(] 0
2 b- Electric field oscillating =
?3 c- Electrical and magnetic field constants ?R
0 Re
2 d- Static magnetic field )
() e
?QS 5- B is symbol of: ?Qﬁ
= = O
2 a- the flux density 2
L L
2z b- The magnetic force ?Qg
= (‘ %“
2 c- Total flux %
X &
L L

d- number of turns Z
&

) 2R
e
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?’ 7.
&, m ism &5
@‘ Electromagnetis @‘

%ﬁ‘ Magnetism plays an important role in electricity. Electrical appliances like %(‘
? Generator; Motor; Measuring instruments and Transformer are based on ?’Eé
?&‘ the electromagnetic princible and also the important components of %@‘
gq Television; Radio and Aeroplane are working on the same princible. %?%%
e e

& Magnetic Material &
B =

? Magnetic materials are classified based on the property called permeability ?‘
e &
° (‘ as: %&‘
@ &
15« 1. Dia Magnetic Material. ﬁ(‘
c?%@ 2. Para Magnetic Material. g‘%
g’j&‘ 3. Ferro Magnetic Material. gzi‘
@'R ) ) ) %
é:ﬂ () Dia Magnetic Materials . ®
7 @
Gji‘ The materials whose permeability is below unity are called Dia magnetic ?@‘
S g

2z material. Example Lead; Copper; Class and mercury. ?.%
0 . . L
Z Para Magnetic Material: )
= €
?s& The materials whose permeability is above unity are called Dia magnetic ?2&
g ) material. Example Lead; Copper Sulphate; Oxygen and Aluminium. %g;%%
A

Ferro Magnetic Material: g%&‘

1A
> Ve
g

The materials with permeability thousands of times more than that of para %{ 0
magnetic materials. Example Iron; Cobalt; Nickel. ©

S
CNTA= =
L

@) =Ea @
A
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?_& Permanent Magnet %

%« §’<§(‘
%& Permanent magnet means the magnetic materials which will retain the %
GV GV
%%ji‘ magnetic property at all times permanently. This type of magnets %@‘
? manufactured by aluminum; nickel; Iron; cobalt steel (ALNICO). ?
L L
?R To make a permanent magnet a coil is wound over a magnetic material %
e , _ ¢
Qﬂ‘ and DC supply is passed through the coil. %
e o
° o0
%ﬁ:@ Electromagnet: %«
° o ®
6‘5(‘ Insulated wire wound on a bobbin in many turns and layers in which %«
b current is flowing and a soft iron piece placed in the bobbin is called

O
s &
gﬁi‘ electromagnet. g&‘

g

s
g
g D\O@‘
(e

g

g
(
aﬁ
X @)
»

a\@\
Z
c
X {
m_
s N
Py

3
=
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e
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RS If current passes through a conductor magnetic field is setup around the %

\dﬂcl
>

conductor. The quantity of the magnetic field is proportional to the current. S (‘
b
Permeability gﬁi‘

The permeability of a magnetic material is defined as the ratio of flux

g @%
g

o)
(s
S e
X @
»

created in that material to the flux created in air. Its symbol is 4 and %

g
=

)
e

2 B @
= — @ R

20 H=H g%(;

%;?%ji‘ B is the flux density i%‘ji‘

7 b

qu (‘ H is the magnetic force %{(‘

) ®

Magnetic field &
o d

The space around a magnet in which the influence of the magnet can be %ﬁ(‘

1A
> Ve
g

detected is called the magnetic field. <
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g ?
%%@ Magnetic lines g@;

Magnetic lines of force (flux) are assumed to be continuous loops; the flux S
%ﬁ‘ lines continuing on through the magnet. They do not at the poles %«
3 o0
& Magnetic Flux &3
R o
%&‘ The magnetic flux in a magnetic circuit is equal to the total number of lines %(‘
© existing on the cross section of the magnetic core at right angle to the %
7 {7
%%‘ direction of the flux. Its symbol is @ and the Sl unit is Weber. %g%j&‘
b $
6’5 _ NI N.la pp, %(‘
30 P T T 9x
& &
gﬁi‘ Where @ totals flux g&‘
& &=
g(‘ N number of turns %:(‘

&
S reluctance g’g‘
@v‘

Q\@ @Q@
&le”
g

| current in amperes %(‘

s

@\@%\
9P

Mo permeability of free space %%ji‘

U, relative permeability é{’(%
L L
g | lengh of the magnetic path inm &
%@(‘ ghof g p %%1‘
S\ : . ) 9
7 a magnetic path across sectional area in m o=
20 =)
g Magnetic field strength s

This is also known as field intensity or magnetic intensity and is

s
g

&
: _ @%
represented by the letter H. its unit is ampere turns per meter. §0

MMF NI @

- Length of coil in meters 1

g
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%&i‘ Flux density %‘

The total number of lines of force per square meter of the cross-sectional ©
& &
%f%« area of the magnetic core is called flux density and is represented by the %@‘

bol B. its unit is tesla. /
g sym &=
e : -

G%({(‘ B = Z %&‘
%&‘ Example-13: Calculate flux density at a distance of 5cm from a long %
s
X

straight circular conductor carrying a current of 250A and placed in air. %

Solution. %’%ﬁ

I o=

g B=te &=
s (‘ 2 sl (‘
(.

§§ ® Now. at the conductor surface. r=1 mm = 10" m %(‘
® 4mx 1077 x 250 I 9
= == =0.05 Wh/m’ =

3 6‘5%?
2nx10 g@{i‘
&

g @%
g

d@
(
3ﬁ
) S
>

g%%« Magnetomotive force és 6
T L ((
& The amount of flux density setup in the core is dependent upon five factors: o
=0 ?%(;
®, number of turns; material of magnetic core; length of the core and the ©
%« cross sectional area of the core. %«
A %2&
i MMF = N.I %&

40(1
>
g
>

Magnetic Reluctance %

g
e

In the magnetic circuit there is something analogues to electrical %
. . . ) (‘
resistance and is called reluctance. Its symbol is S. S

&
\\@\

l By
S =
Hollrad %
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Example 6.2, Calculate the magnetising force and flux density at a distance of 3 cm from a
long straight circular conductor carrying a current of 250 4 and placed in air. Draw a curve show-
ing the variation of B from the conductor surface outwards if its diameter is 2 mm.

Comparing between magnetic and electric circuit

Magnetic Circuit

Electric Circuit

™ MMF e

e FLUX ¢

Fig. 6.27

m.mf.
reluctance
M.M.F. (ampere-turns)
Flux @ (webers)
Flux density B (Wb 1111}
Reluctance §= LA }

nAl pom, 4

Permeance (= 1/reluctance)
Reluctivity
Permeability (= L/reluctivity)
Total mm.f = @S5, + DS, +DS; +

Flux=

[ S PR ] et
P .

n
K

j=T = N I
. : * by

EMF

el

/
L}
%
r«%/
Fig. 6.28
Current = &
resistance
EM.F. (volts)

Current I (amperes)
R 2
Current density (A/'m”)

. I
resistance R= p—=—
P4~ p4
Conductance (= 1/resistance)
Resistivity

Conductivity (= L/resistivity)
9. Total em.f. =IR; + IR, +IR; + .....

Electromagnetic induction

Electromagnetic induction means the electricity induced by the magnetic

field.

Faraday's laws of Electromagnetic induction

There are two laws of Faraday's laws of electromagnetic induction. They

are:

1) First Law.

2) Second law.

&
Sy

682 IR a2 38 48 88 a8 IR 68 08 088 68 8 8 68 888
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%&i‘ First law %‘

Whenever a conductor cuts the magnetic flux lines an emf is induced in the S

f= S
GD%« conductor. %%g‘
?@ Second law i%&‘

The magnitude of the induced emf is equal to the rate of change of flux- g"%

S

Qﬂ‘ linkage. %
(Y’Qg @,R
i%@ Induced electromotive force %f%g‘
5
2

b

& _ _ c%%
S Induced electromotive force is of two types: they are %
qr @v
15« 1) Dynamically induced emf. ﬁ(‘
A )

7 I Statically induced emf. 7
B " ’ &
%S Dynamically induced emf 2
65(; %%(;
? Dynamically induced emf means an emf induced in a conductor when the ?:
ifj%i‘ conductor moves across a magnetic field. The figure shows when a %@%&‘
?R conductor "A" with the length "L" moves across a "B" wb/m? flux density %
=0 with "v" velocity. Then the dynamically induced emf is induced in the =0
G conductor. This induced emf is utilised in the generator. g
L : .
7 emf =B.l.v §”<§
= = (3
% 2: 5 Ll %
g g
%si‘ A magnetic flux of 400 uWb passing through a coil of 1200 turns is %2@
& (7

=/ (‘ . : . %ﬁ%%(‘
® reversed in 0.1 s. Calculate the average value of the e.m.f. induced in S

o) =Ea
C’/gﬁ
¢

X Q
Ao
9 aes

(g
¥

the coil. i%&

S
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L
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& &
):ﬁ \ W 8 \
?%?« IIDAC+ - Tﬂ:*\ ,‘\Q‘H it V] ¢ ?%(‘
Q
o0 Foss — Test) 3=y L
o )
?%g 1- What faraday laws of electromagnetic induction? ?%
Q g
! ) ) )
%&‘ 2- What types of induced electromotive force? %2@
= =
R (]
i%ji‘ Example 6.1, The magnetic susceptibility of oxygen gas at 20°C is 167  10°* Him. Calculate i%‘j@
o)
?E:j its absolute and relative permeabilities. %g
® (3 | T % ¢
g’ R @r q
s o
& % Example 6., Calculate the magnetising force and flux density at a distance of 3 cm from a %%(‘
D) - - -
5@ long straight circular conductor carrying a current of 250 4 and placed in air. Draw a curve show- %
® ¢ ing the variation of B from the conductor surface ouwards if its diameter is 2 mm. %
= e
©) ©
B =
® Q Example 6.3, A wire 2.5 m long is bent (i) into a square and (ii) into a circle. If the current é&‘
g’@ flowing through the wire is 100 A, find the magnetising force at the centre of the square and the G%%(‘
s centre of the circle. (Elec. Measurements; Nagpur Univ. 1992) ha
LY %
» e

?’? &, & &8 8 & & & &, & &8 88 & &, L& &3 88 &
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20 N

L]

"«‘ ‘\ REY \T\

7 ol LY A <yl Oy |
L ' L
b Faraday's laws of Electromagnetic | 1 1- a |[1(D
7 0 . - @
&5 | induction g NO b | 2 %%%(‘
L) « There are two laws of Faraday’s o %
qr H 1 1 @7
S | laws of electromagnetic induction. I
ﬁﬁ‘ They are: average e.m.f. induced in coil is @‘
g@ 1) First Law. 2) Second : Py C?%%
% law. 1200 x (800 % 107") 9.6V c |3 @
= =96V S
?Q 0.1 , %
g ¢
?‘:@ First law O (‘
7 Whenever a conductor cuts the 2- @
g ¢
?%« magnetic flux lines an emf is Salution, As seen from Art, 6,15 (1), b 4 @‘
?R induced in the conductor. ge Lo B0 aecimin @{,R
Y % Second law i L %(‘
) The magnitude of the induced emf B= yH=dnx 107 % 7956=10° Whiw S
% is equal to the rate of change of " £ é}%
§$ flux-linkage. ‘ I ﬂ § S %‘
& g Now, at the conduetor surface, r=1 mm= 107 m A g R
%%:j (‘ 3 :4n><10"‘>f4150: L Wi 0 1% —> rmetns & (‘
& w0 , &
X Fig.6.22 &
® gi‘ Induced electromotive force are of | 2 g@‘
@ two types: they are éir%%
= (‘ i) Dynamically induced T 0
b emf. 2
%ji‘ i) Statically induced emf. C%&‘
) S
y
& — (7
1,=1.00133 3 LS
B0 | 1=12.59*107-7 Him @ ()
f | H=795.6 AT/m 4 g
g &3
@ B=0.05wh/m"2 @5
) 9
éf’? H=144AT/m 5 S
@ H=125.6 AT/m %@
) . S
g"Q\ References: %?%%
@ﬂ‘ 1-Electrical Technology by — Theraga %‘
?i’ = 2- Electrical Technology by — Hughes %%
R | | 50
g 3- Electrical Technology by — Erick s
L { Re
v o ®

& 08 688 a8 088 a8 R 68 R 88 68 8 88 6888 88 88, &
L R R R L A R



9 s
o
3ﬁ

a(@ @Q@\
&le”

%z@\qo s

\@Q Qg
=

i

(

@) =Ea @
A

docsaldl) ddaalll 3aa gl

AAvor \aw) 41 Lol st

Fadrey View) 232" s o

-:(Target Population) 4-digimall 4idl) -

ERERUPW- R PPN IGWIR 2

-:(Rationale) 83a gl &) ) yia -

gl g cldlal) i 5 A8y ph g AS g (AL S J gl Juas A 15 A8 s
- Gasail) Lt g Auily g dadlal) § gl Alalas

-:(Central Ideas) 4 =S sall 3 <41) -

duil sl ey gaal) @

Qg\é\)\é OB o

(Aad) ) ¢« ABELL) Y gaall £l g8 @
A8y dat Alia) o

-:(Objectives) 33 o) Cilar -&

1O s 108 Baa o) sdgd At ja day allal) () s
Al Sl N sl g3 o ity e
. Auily gsl) dadjal) 3 g8l G ity o

,(Aad)y ¢ ABRBR) Y gaal) (o (AN iy e

2

& 08 688 a8 088 a8 R 68 R 88 68 8 88 6888 88 88, &
L R R R L A R



sl Chaiay)

@ : R
ity e
5 &
s (]
v &
&, L
3 oball) Gin o) s g i puil] ol il &
5(; . $$
v &
= ]
Bl 0
? C(li’ R
X B
= L
= A
? g R
& R
@{ gl

%y B
© =
st %%
%y B

i g2 I8 8 98 48 9 48 88 08 68 88 68 58 68 88 a8 8
L O e e R R R L e R R



p " wa b C;&‘
%“ -IDIH\ == TDC*\ X‘Q\\ \\ H\\\ \ * %
%« 7 — Test) &= o= 5

?,

%ﬁ‘ 1- What types of electrical transformers in terms of ? %%&‘
b b
& structure? &
L L
qr @v
% 2- What are the uses of electrical transformers? ?@;
b $
&5 L
%%@ 3- What is the transformer construction? @
fe %
9 4- What is working principle of transformer? 9=
& &
L S
a= 5- At no load what are type of losses in transformer? ?é%%
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The transformer

A transformer is a magnetically coupled circuit, i.e., a circuit in
which the magnetic field produced by time-varying current inone
circuits induces voltage in another. To illustrate, a basic iron-core
transformer is shown in Figure. It consists of two coils wound on a
common core. Alternating current in one winding establishes a flux
which links the other winding and induces voltage in it. Power thus
flows from one circuit to the other via the medium of the magnetic
field, with no electrical connection between the two sides. The
winding to which we supply power is called the primary, while
the winding from which we take power is called the secondary.
Power can flow either direction, as either winding can be used as

the primary or the secondary.

©

&



© (‘ Varying %‘

@ agnetic X

%f%g« 111';;;2“;. %@‘
yi

Input current

Output current %

& - S
Qﬂ‘ Source_ @‘
G5 &3
% Pfimﬂf}’/ i Secondary %
q winding [ A winding ol
D L
%ﬁ@ \ Iron %(‘
9 core 9=
%@« %%(3
g Faraday’s Law ha
15(‘ All transformer operation is described by Faraday’s law. Faraday’s ?%%(;
A )=
%%i‘ law (in SI units) states that the voltage induced in a circuit by a iﬁ%&‘
?q changing magnetic field is equal to the rate at which the flux &=
=0 e
p linking the circuit is changing. When Faraday’s law is applied to 2
o) o)
T iron-core and air-core transformers, however, the results that Q:S
% ¢ emerge are quite different: Iron-core transformers are found to be ® O
5 : : , : L &
%%it characterized by their turn’s ratios, while air-core transformers are é’%@
e ® characterized by self- and mutual inductances. %%
‘? %
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G
A L}
Voltage Ratio i
% ltclL,t Rati ‘ ) ‘ ‘ . . $
% Now apply Faraday’s law. Since the flux linkage equals N® and since N is %
) E(‘ constant, the induced voltage is equal to N times the rate of change of @, i.e., %‘

- N R R Z

g e = Nd®/dt. Thus, for the primary, %

q « d(I)fi‘? %‘
’ t

? e,=N, . &
S L
© while for the secondary %;;’%
%z
« d(l)fﬂ 0
e, = N;
& - jé'}
gﬂ‘ Dividing Equation 24—1 by Equation 24-2 and cancelling d®,/dt yields gg‘
NS e, N, gl’ =
20 e, N, g% (]
0, - | s
LA The ratio of primary voltage to secondary voltage is equal to %
2 @

65« the ratio of primary turns to secondary turns. This ratio is called %}%«
the transformation ratio (or turns ratio) and is given the symbol pas

g

g &
7 G@r
3 L
N &
%%i‘ a = N/N; g?%i‘
= %%(‘
9 Step-Up and Step-Down Transformers %
=5 &
g&‘ A step-up transformer is one in which the secondary voltage is é&

higher than the primary voltage, while a step-down transformer is %%(i

40(1 2
>

one in which the secondary voltage is lower. Since a =Ep/Es, a C@;

1A
> Ve
g J

step-up transformer has a<1, while for a step-down transformer, a %%(‘

> 1. If a = 1, the transformer’s turns ratio is unity and the &5

ey

L
g @C’
>

secondary voltage is equal to the primary voltage. 5
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3 ;)
é%ji‘ What is the difference between the actual and the ideal i%&‘
& transformers? &3
Q b
- )
! B,
B > L
& Example 32.3. A single-phase U‘ansﬁgm}er has 400 primary and 1000 secondary turns. The gfg
;ﬂ‘ net cross-sectional area of the core is 60cm". If the primary winding be connectedto a 50-Hz supply %‘
g at 520V, calculate (i) the peak value of flux density in the core (ii) the voltage induced in the %?%%
gﬂ‘ secondary winding. (Elect. Engg-1, Pune Univ. 1989) %‘
& &
%%’ii EXAMPLE-14Suppose the transformer has 500 turns on its Q&‘
65« primary and 1000 turns on its secondary.a. Determine its turn’s Gg%(;

O
%ﬂ@ ratio. Is it step-up or step-down?b. If its primary voltage is €,=25 g‘i‘%
: (.

gfiﬁq« sin wtV, what is its secondary voltage?c. Sketch the waveforms. %%(‘
?%g Solution ?%
i e
%&‘ a. The turns ratio is a =Np/Ns= 500/1000 =0.5. This is a step-up %2@
@5 %
s (] transformer. S (]
&=, —p fo— : A o LY
@ b. e,=e,/a = (25 sin Wt)/0.5 = 50 sin wtV. L
i%j 0 c. Primary and secondary voltages are in phase as noted earlier. i%(‘
i &
L s
& g
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b ( Y
&y (Post - Test) o YL &

?;.)% s — Test) 5> \Sanso ‘?5')\
50 o d
@ _ &

" . [ o 1 7
%’i‘ Example 321, The marinin flux density in the core of a 230/3000-volts, 3(}Hz single-phase @
= transformer s L. Whrar, Ifthe ... per turnis 8 volt, determine :‘3,\
;&« ) primry and secondary turns (i) area of the core. ‘g‘
-%g &
58 <
8 - &
ey (‘ Example 32.2. The core of a 100-kVA, 11000/550 V, 50-Hz, I-ph, core type transformer has a B 0
é&% cross-section of 20 cmx 20 cm. Find (i) the number of H.V. and L.V, turns per phase and (ii) the e.m.f. él%
?ﬂ&‘ per turn if the maximum core density is not to exceed 1.3 Tesla. Assume a stacking factor of (9. @
@ What will happen if its primary voltage is increased by 10% on no-load ? ‘c;g.
~{{ b
2 3 ?;1
g= : as
?ﬁsi‘ Example 32.4. A 25-kVA transformer has 500 turns on the primary and 50 turns on the second- @
o= ary winding. The primary is connected to 3000-V, 50-Hz supply. Find the full-load primary and g’%
i‘ 3(‘ secondary currents, the secondary e.m.f. and the maximum flux in the core. Neglect leakage drops & 0
& and no-load primary current. (Elect. & Electronic Engg., Madras Univ. 1985) &
& &
50 4 e
& = @

© Example 32.6. A single phase transformer has 500 turns in the primary and 1200 turns in the ©x
% secondary. The cross-sectional area of the core is 80 sq. cm. If the primary winding is connected to %
g& a 50 Hz supply at 500 V, calculate (i) Peak flux-density, and (i) Voltage induced in the secondary. 9‘;&‘
"' (‘ (Bharathiar University November 1997) %(‘
9 $

¢ \(‘ 5- “5(‘
? i rz - JUY S LU YUY T L LYY YUy ?g
7
§

?‘3&(‘ Example 32.7. A 25 kA, single-phase transformer has 250 turns on the primary and 40 turns on g’%
?\ the secondary winding. The primary is connected to 1500-volt, 50 Hz mains. Calculate .{5
@ (i) Primary and Secondary currents on full-load, (i) Secondary e.m.£, (i) maximum flux in the core. ?g‘
i &
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\(‘ 2&\\\\\‘.\ ~«':\:\

& o) eyl A LAyl SR
X 1 1-The working Step-Up and 1
ﬁﬂ‘ N1=32 principle of the Step-Down
s N2=375 electrical transformer | Transformers
%%‘ A=0.03m"2 on Faraday's law of
© electromagnetic to
Q’ R N1=1060 2 induce which states Transformers 2
?ﬁ‘ N2=53 that the value of the are used in
= E=10.4v electrical driving force practica.l life,
g (‘ (voltage) is el.ectrlcal
? proportional to the | appliances and
%ﬁ%« magnetic flux change gauges
% [,=8.33A 3 rate and for this The simple 3
& [,=83.3A reason, the converter element of
= (‘ E;=300v does not work in DC transformer
Ry N .
2z ®=27mWb power systems consist of two
%%%« because the constant coil having
%s& current creates a mutual
“5 magnetic field lnducta.nce and
= (‘ constant amount of a laminated
érfq change is equal to steel core
%« Bm=0.563Wb/m? 4 zero cannot create Transfers 4
%s& V,=1200v voltage timely manner electrical
65(‘ Induction and this is power from
N one of the main one circuit to
% reasons for the another; it
(‘ .preference AC DC does without
ﬁé change of
&
5(‘ frequency
) V,=240v 5 Copper losses 5
@% 1=16.67A and eddy
® « [,=104.2A current
@
05 %

oo

\@ﬁ
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%ﬁ‘ Put a circle around the letter that precedes the correct answer for %@
=Y

9 . S

4 each of the following 4
He R
§<§ 1- The motors convert energy from: g”(%
. (]
9 $
(E= a- mechanical to electrical S
S S
qr @v
éfﬁq@ b- electrical to mechanical ﬁ(‘
& &
gﬁ (3 c- Thermal to electrical g&‘
o )
9 2- The generators convert energy from: 9=
& ° s/ s
50 el
g a- Thermal to electrical %
() 2]

b- Mechanical to electrical

i
3@ =GR,
Py

&
. . @
c- electrical to mechanical o

9 8=
>
g

>

@@-
e
Vg

@ o
>

S QC@
iy

3- What is the construction of induction motor? 7

@w
&>
Vg

4- What is type of rotor? %g

@\Uﬂ QQ
Ay
@
>

5- What is the per-phase equivalent circuit of an induction motor? %%&‘
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L5,

Qﬂ‘ Classification of AC Rotating Machines

G5 _

® (] *Synchronous Machines:

%ﬁ:@ eSynchronous Generators: A primary source of electrical
?R energy.

%%j ( «Synchronous Motors: Used as motors as well as

%%ji‘ power factor compensators (synchronous condensers).

?R «Asynchronous (Induction) Machines:

=0 Induction Motors: Most widely used electrical

g%%« motors in both domestic and industrial applications.

?ﬁ% «Induction Generators: Due to lack of a separate field excitation,
éiﬁ () these machines are rarely used as generators.

o)

?sS Energy Conversion

=0  Generators convert mechanical energy to electric energy.
b

* Motors convert electric energy to mechanical energy.

2 o

L
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%%« Energy Conversion ;&‘

& ({ . . G"’Qg
%’?{6 Electrical Mechanical ié@?@
%ﬁ‘ Energy Energy %&;
2 MOTOR 2
S &
S >
g =
?ﬁ; The i%@
%ﬁ:@ construction of motors and generators are similar. C%&‘
? » Every generator can operate as a motor and vice versa. ?
& %
9 9
;5(5 Practical Motor Applications: ﬁ(‘
= &
g‘%ﬁ 1. Refrigerators. g%@
%5(; 2. Washing machines. ﬁ(‘
Géf%ji‘ 3. Clocks. i@i‘
;;j 6 4. Drills. i%%(‘
Z 5. Pumps. g
(E= =
S s
=0 Advantages ﬁ(‘
g — Low Initial Cost - $/Hp as
@‘ — Simple & Efficient Operation %‘%@
gf% — Compact Size — cubic inches/Hp %h
9 — Long Life — 30,000 to 50,000 hours 2

§ Q\« — Low Noise C%K(b
r . o0
I — No Exhaust Emissions E@%
%%@ — Withstand high temporary overloads L (]
p — Automatic/Remote Start & Control g
E= &
o =

?’? &, & &8 8 & & & &, & &8 88 & &, L& &3 88 &
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%ji‘  Disadvantages ﬁ%&‘

?R — Portability %é%
g’%@ — Speed Control 0
b 9
a= — No Demand Charge &
o <
9 - 9
= Induction motors &=
B TR .
g The induction motor is the most commonly used AC motor in %
;%« industrial applications because of its simplicity, rugged %
Q g
%%’i‘ construction, and relatively low manufacturing costs. The reason Q&‘
(= : : . &5
?@ that the induction motor has these characteristics is because the g%(s
%Z%jﬂ rotor is a self-contained unit, with no external connections. This iﬁ%&‘
?’ 7
%@ type of motor derives its name from the fact that AC currents are i‘%«
o - - - - - l;:
é%q induced into the rotor by a rotating magnetic field. (Y
) e

g
20 Three-phase Induction Motor b ¢
& i &
@&‘ The three-phase induction motor the most commonly used type of motor in éﬁi‘
é:ﬁ(‘ industrial applications. In particular, the squirrel-cage design is the most Cﬁg%h
?%:\i‘ widely used electric motor in industrial applications. %ji‘
? Construction: The main body of the Induction Motor comprises of two ?R
=0 : _ %(;
S major parts: ®

&
A. Stator: Stator is made up of number of stampings in which different slots ?@‘

1A
> Ve
g

are cut to receive 3 phase winding circuit which is connected to 3 phase AC %g ¢
supply. The three phase windings are arranged in such a manner in the slots %
that they produce a rotating magnetic field after AC supply is given to them. %

ey

J o

The windings are wound for a definite number of poles depending upon the

b g _ ©
L speed requirement. a=
L L
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%« B. Rotor: Rotor consists of cylindrical laminated core with parallel slots that %(‘
%q& carry conductor bars. %
) 0
?&S Two types of Rotor: %

= g
@‘ 1. Wound Rotor/slip ring: The terminals of the rotor windings are @‘

connected to insulated slip rings mounted on the rotor shaft. Carbon brushes ﬁ%&‘

o
%&‘ bearing on these rings make the rotor terminals available to the circuitry %
s
L

? external to the motor. The rotor winding is usually short circuited through ?;%‘
® external resistances that can be varied. %
@ &

=/

B B
& A -
%%ji‘ Rotor ;%1‘

o
=
QQ%\
i

Wound rotor slip rings and connections %

e e
e L {
i?@ 2. Squirrel Cage: %;%&‘
?@ A squirrel cage rotor has a winding consisting of conducting bars (of copper éf%(‘
é

or aluminum) short-circuited at each end by conducting end rings. %
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End ring

Why make a stator from sheet metal?

Working Principle:

When balanced 3-phase AC voltages are applied to the stator
terminal, stator currents flow through the stator circuits. These
currents produce a rotating mmfthat can be represented as a
rotating magnetic field. This rotating magnetic field induces
voltages in the rotor windings, by Faraday’s law. These induced
voltages, in turn, cause balanced currents to flow in the short-
circuited rotor. These rotor currents then produce a rotor mmf,
which can also be represented as a rotating magnetic field. The
interaction of these two rotating magnetic fields produces an
electromagnetic torque Te, which is used to turn mechanical load

Tm. At steady state.

R
(3
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b 6 The following sequence of events takes place: %‘
= =
§$ e A voltage E = BLv is induced in each conductor while it is %‘
% i > %
s 6 being cut by the flux (Faraday’s Law) %‘

éﬁ%‘ e The induced voltage produces currents which circulate in a loop ?%&;

9 2
&y around the conductors (through the bars). S
S (ough th bar) o
%&‘ e Since the current-carrying conductors lie in a magnetic field, %%&‘
2 they experience a mechanical force (Lorentz force). 2
= =
ha e The force always acts in a direction to drag the conductor along ha
L] R
5 with the magnetic field. 9=
Ha L
9 5
A e iRy
%1‘ Why make the stator from iron sheet? i}%&‘
9 >
L e
é”;%ji‘ Switchgear i%&‘
?Ej The apparatus used for switching; controlling and protecting the c%g
S 6 electrical circuits and equipment is known as switchgear. The S ¢
By o jpment is essent i switch &
L & switchgear equipment is essentially concerned with switching and %‘
g interrupting currents either under normal or abnormal operating g%
() » S ()
9 conditions. 9

ng
>
o

Switchgear Equipment:

X Q
&
9 =

(4
»

1. Switches: A switch is a device which is used to open or close an
electrical circuit in a convenient way. It can be used under full C%&‘
load or no load conditions but it cannot interrupt the fault g
currents. When the contacts of a switch are opened an arc is

¢ L<(

; s

&, &8, &5 &, &8 8 & &, 8. &5 &8, & 8 & &5 &, I8, &
50 20 5% T T L0 T8 o T LR R0 T S0 e R T2 e e
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produced in the air between the contacts. This is particularly %

@ @
Gn’?j@ true for circuits of high voltage and large current capacity. ?@;
& 2. Fuse: A fuse is a short piece of wire or thin strip which melts &=
9 when excessive current flows through it for sufficient time. It is s
i@%; inserted in series with the circuit to be protected. Under normal ?@;
?g operating conditions the fuse element it at a temperature below g=
B o o e S
© its melting point. Therefore it carries the normal load current %
%%‘ without overheating. However when a short circuit or overload %@‘
° . . ©
gg occurs the current through the fuse element increases beyond its %
%%’i‘ rated capacity. This raises the temperature and the fuse element %

i%@ melts. S@;’%(‘

ééf%« 3. Circuit breakers:

p A circuit breaker works as a switching device as well as a Z
i . . . . . &
® (] current interrupting device. It does this by performing the &0
K following two functions: Y
s e
= =t
g
e o | -
%« 1. SW|tch|-ng operating during normal working of operation %j@
§s¥ and maintenance. 9
& () 2. Switching operation during abnormal conditions that may %ﬁa
& ise such t; short circuit et 4
= arise such as over current; short circuit etc. &=
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L 2 50
@;’% Relay coil %(‘
9 | b
(0 &
g{%« Figure shows the circuit breaker g%&‘
e e
5 When any high voltage circuit is interrupted there is a tendency 9=
?;»@%1‘ towards an arc formation between the two separating contacts. ?@;
?5 Therefore the major aim in a circuit breaker design is to quench the %
® { arc rapidly enough to keep the contacts in normal state by one of ) ¢
= : : S
@‘ the following methods; é%@
i:j(‘ 1. High resistance interruption: in this method arc resistance is i%(‘
p increased. This method is generally used in DC circuit ¢
= . - =
$$ breakers and low medium voltage AC circuit breakers. g‘;@
q;j(‘ 2. In this method: the arc is interrupted at a current zero %ﬁ(‘
?’Q\ instance. At that instance. The air between the separating %
@‘ contacts is anodized by introducing fresh air sf6 gas or for an %
&

AC are interruptions. %g(‘
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P A three-phase induction motor is wound for four poles p
) e
$ and is supplied from a 50 Hz system. Calculate: %
e e
9 (a) The synchronous speed; %
S L
z% (b) The speed of the rotor when the slip is 4 per cent; %?%
¢ 0
(z% (c) The rotor frequency when the speed of the rotor is C?;%%
5<& 600 r/min. -l
e e
A )
s &
(] Y (]
G?V% IIDAC‘ — Tﬂc*\ ‘\Q‘H \’ M\\ \ ‘ ?’;%
) g Ve
9 6 st — Test)) G> NS~ T ¢
?% 1- what are the classification of ac rotating machines? ?3
2 %%(‘
% 2- what are the switchgear equipment? %
8 3 90
= o
§§(‘ Example 34.1. A slip-ring induction motor runs at 290 rp.m. at full load, when connected to §Qf‘
g g
%’%@ 50-Hz supply. Determine the number of poles and slip. %‘
& gr
N, L
@ &
%@‘ Example 34.2. The stator of a 34 induction motor has 3 slots per pole per phase. If supply %@‘
?Q frequency is 50 Hz, calculate ?Qﬁ
?@ () number of stator poles produced and total number of slots on the stator %%%(‘
@ (if) speed of the rotating stator flux (or magnetic field). &
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i%j@ Example 34.4. A 34 induction motor is wound for 4 poles and is supplied from 50-Hz system.
& Calculate (i) the synchronous speed (ii) the rotor speed, when slip is 4% and (iii) rotor frequency
¢ when rotor runs at 600 rpm, (Electrical Engineering-I, Pune Univ. 1991)
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g
%@ gzl LadY! a0)Al) ¢l Ay AL W EQY
© « Classification of AC Rotating Machines 1 | To minimize the eddy currents b 1
RESS *Synchro created due to exposure iron c 2 &
g « nous magnetic field variable that
2z Machine heat
%ﬂ@(‘ S: Q.2 Stator and rotor |3
% -S\_/nchronous Generators: A (a) From Fquation [36.1]:
&= primary source of electrical ey s
] (‘ energy. Synchronous speed = === Squiral cage rotor |4
9 *Synchronous Motors: Used = 1500 t/min ;phase wound or
% as motors as well as power (b) From equation [38.1]: wound rotor
§$ factor compensators 0. 130 onorspecd 5
= (synchronous condensers). AR
T (‘ *Asynchronous (Induction) Machines: 2 Rotor speed = 1440 1/min
% '|ndUCti0n Motors: (c) Also from equation [38.1]:
% Most widely used e it 000
® si‘ electrical motors in ' 50
& both domestic and Hence, from equation [35.2];
o (‘ industrial applications. Rotor frequency = 0.6 x 50 = 30 Hz
) eInduction Generators: Due to lack of a
% separate field excitation, these machines
(‘ are rarely used as generators.
LA
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Switches , fuse , circuit breaker

P=20 pole « Slip=3.33%

P=6¢ NS=1000 r.p.m¢< NO. OF slot=54
Nr=1440 r.p.m ¢« Fr=30 Hz S=0.6 «
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