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Electric units system- Mathmatic applications- definition of basic
units of voltage, current and resistance-electric circuit components-
ohm's law- factors effecting onresistance- resistivity of conductors
and insulators- effect of temp. on resistance- temp. Coeff. of
resistance- Examples

DC current circuits includes:
Series connection of resistances and examples
Parallel connection of resistances and examples
Combind connection of resistances and examples
Star and delta connection of resistances, conversion between
star and delta with examples

Applications on series, parallel, combind and star-delta connections

Kirchoff Laws- Kirchoff current and voltage laws with examples

Maxwell's law with examples

Definition of Thevinin's theorem- How to applyin dc current

Definition of Norton's theorem- How to apply in dc current

Examples on Thevinin's and Norton's theorems

Definition of Supper position theorem-application of it in dc current-
examples- Max. power transfer theorem with examples

AC quantities-definintion of AC current characterstics —generation of
AC current with waveform drawing- RMS value-Form factor -
examples

Vector of AC quantities-definintion of it — Phasor representation of
its- phase angle- resultant of vector AC add., Subt., multiply, division
with examples




Effect of AC current on only resistance circuit-only inductance circuit-
only capacitor circuit- phase angle between voltage and current with
examples

Effect of AC current on resistance and inductance in series circuit-
resistance and capacitor in series- resistance and inductance and
capacitor in series- phase angle- total impedance with examples

Effect of AC current on resistance and inductance in parallel circuit-
resistance and capacitor in series- resistance and inductance and
capacitor in series- phase angle- total impedance with examples

Using j-operator to find total impedance- total admittance-current,
voltage and phase angle for impedances in series and parallel with
examples
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Electric units system

Units associated with basic electrical quantities

SI units :

Slunitis an international system of measurements that are used universally in technical and
scientific research to avoid the confusion with the units.

The basic units in the SI system are listed with their symbols, in Table below

Quantity Basic unit symbol

Length meter m

Mass kilogram kg

Time second s
Electric current ampere A
Temperature kelvin K
Luminous intensity candela cd

5




Sl units may be made larger or smaller by using prefixes which denote multiplication or

division by a particular amount. The six most common multiples, with their meaning, are listed
in Table below.

Prefix Base 10 Decimal
Name Symbol

kilo 10° 1000
mega 10° 1000000
giga 10° 1000000000
tera 10%° 1000000000000
milli 10°° 0.001
micro 10° 0.000001
nano 107 0.000000001
pico 102 0.000000000001

Definition of basic units of voltage, current and resistance
Electric current: is the time rate of change of charge, measured in amperes (A).

Mathematically, the relationship between current i, charge g, and time t

. dq
I =—
dt

1 ampere = 1 coulomb/second

Voltage (or potential difference): is the energy required to move a unit charge through an
element, measured in volts (V).

1 volt = 1 joule/coulomb = 1 newton meter/coulomb

Resistance : It may be defined as the property of a substance due to which it opposes (or

restricts) the flow of electricity n(i.e., electrons) through it.

The unit of electric resistance is the ohm (Q).

The reciprocal of resistance is called conductance and is measured in siemens (S). Thus
conductance, in siemens



https://en.wikipedia.org/wiki/Decimal
https://en.wikipedia.org/wiki/Decimal
https://en.wikipedia.org/wiki/Mega-
https://en.wikipedia.org/wiki/Mega-
https://en.wikipedia.org/wiki/Mega-
https://en.wikipedia.org/wiki/Mega-

Electric circuit components

Resistance —ANN— Battery
Inductor —D000— \oltemeter

Capacitor Ammeter

Open Switch — o Close switch
Variable resistor ANA Connecting Wire

Ohm’s law

Ohm’s law:The ratio of potential difference (V) between any two points on a conductor
to the current (1) flowing between them, is constant, provided the temperature
of the conductor does not change.. Thus

R=1
I

Ohmss law triangle




Power: is the time rate of expending or absorbing energy, measured in watts (W)

Power P in an electrical circuit is given by the product of potential difference V and current |

P=V XI watts

From Ohm’s law

P:V? watts , P=1I1>°XR watts

Al 3 punladll ) g el
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Factors effecting on resistance

The resistance of an electrical conductor depends on 4 factors, these

(@) the length of the conductor(Resistance, R, is directly proportional to length) RalL
(b) the cross-sectional area of the conductor (Resistance, R, is inversely proportional to cross-

. 1
sectional area, a, of a conductor) Ra "

(c) the type of material
(d) the temperature of the material
resistance

p . resistivity in Q.m

L: length inm
A cross section area in m?

The value of the resistivity is that resistance of a unit cube of the material measured between
opposite faces of the cube

resistivity(p )in Q.m

< Length (L) iN M ee—

Example : Calculate the resistance of a 2 km length of aluminium overhead power cable if

the cross-sectional area of the cable is 100 mm®. Take the resistivity of
aluminium to be 0.03 * 10° Qm.

Soluation :

Length =2 km = 2000 m;




cross-sectional area=100 mm2 = 100 * 10 ° m?

resistivity = 0.03* 10° Q'm

. pl (0.03 x 107% Qm)(2000 m)  0.03 x 2000
Resistance R=— = - = Q
a (100 x 1076 m?) 100

=0.6 Q

Example :_A rectangular carbon block has dimensions 1.0 cm x 1.0 cm x 50 cm.
(i) What is the resistance measured between the two square ends ? (ii) between two
opposing rectangular faces / Resistivity of carbon at 20°C is 3.5 x 10—5 Q-m.

Soluation :

pL
A

R

A=1x1=1cm2=10"m2;:1=05m
3.5X10°°%0.5
R= == - =01750Q)
(i) L=1cm A=1x50=50cm’=5x10"°m2
_ 35X 107> x 1072

5x 1073

=7x107°Q




H.W :A coil consists of 2000 turns of copper wire having a cross-sectional area of

0.8 mm2. The mean length per turn is 80cm and the resistivity of copper is
0.02 pQ—m. Find the resistance of the coil.

Temperature Coefficient of Resistance
The resistance of most good conducting material increases almost linearity with temperature
over range of normal operating temperature.

Ri=Ro(1+at)

-234.5°C 0 .

-1°C -—— —— s
R, = Ri(1+ ao(T, — Ty))
RT = Ro(l + aOT)

14 ay*T

dr

. resistance at lower temperature T,
. resistance at higher temperature T,
R+: resistance at temperature T
Ro: resistance at zero temperature 0c?
oo temperature coefficient at 0C°

ar: temperature coefficient at TC° (Q/C°)
11




Example:Aplatinum coil has a resistance is 3.146 Q at 40C° and 3.717Q at 100C°.

Find
1) Temperature coefficient at 0C°.
2) Coil resistance at 0C°.
3) Temperature coefficient at 40C°.

Solution:
1)

R2=R1(1+00(T2-T1))
3.717=3.146(1+a0(100-40))
3.717=3.146(1+0a0*60)
3.717=((3.146*1) +(3.14600*60))
3.717=3.146+ 188.7600
3.717-3.146= 188.7600
0.571=188.7600

0.571
188.76

0.003 Q/C°

(2)

RT1= Ro(1+00T)
3.146= Ro(1+0.003*40)

3.146=1.12 Ro

3.146
R, =——-128250
1.12

Qo
_1+0(0*T

o

0.003 0

Ayo = = 0.0026 Q/C
1 + 0.003 * 40
12




Example: A copper coil has a resistance of(100Q) at )20C% and the

temperature cofficient of this Copper coil (0.0043)per K° at  (20C°) . Determine
the resistance of this ciol at (100C°).
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Series and parallel Circuit

4 Resistance in Series Connection

In fig below The three resistors are in series

Ry

i
—

AMAA——— AN,
+ bl ) —_

a 2
vy~

v

In a series circuit

(@) the current I is the same in all parts of the circuit ( I,=1,=1)
(b) the sum of the voltages V1, V2 is equal to the total applied voltage, V, i.e

V=V1+V2+3
Applying Ohm’s law to each of the resistors, we obtain

Vi=1IR1. V2= IR,
then IR =IR; 4+ IR>
Dividing throughout by | give

R= R1+R2+R3

:For N resistors in series, the equivalent resistor has a value given by
14




N
Rq=Ri+Ri+--+Rv=>) Rn _ _
n=1 To determine the voltage across each resistor

Voltage divider rule

_ Ry

=— 7
R,+R,+R; total,

%1

Vx = Viotal

Example: in fig below find V;, V, and V;

R, =20

\'%4)

= Vv,
R, + R, + R,

4 x 24

V,=—— =8V
24446




Example2. For the circuit shown in Figure below, determine (a) the battery voltage V, (b) the
total resitance of the circuit, and (c) the values of resistance of resistors R1, R2 and

R3, given that the p.d.’s across R1, R2 and R3 are 5V, 2 V and 6 V respectively

3

SOL
V1=5V , V2 =2V ) V3=6V

(a) Battery voltage V =V 4+ V>y +V;3
=5+2+6=13V

s ¢ . V 13
(b) Total circuit resistance R = T = = =325Q

; Vi 5
(c) Resistance R; = T — 7 =125

, Vs
Resistance Ry = T‘ ===05Q

. Vv
Resistance R3 = i A A 15Q
I 4
(Check: Ry + Ry +R;=1254054+15=325Q2=R)

Resistance in Parallel




Figure shows three resistors, R1, R2 and R3 connected across each other, i.e., in parallel, across
a battery source of V volt

a) the sum of the currents 14, I, and 15 is equal to the total circuit current, I, i.e.
|:|1+|2+|3,and

b) the source p.d., V volts, is the same across each of the resistors V, =V, =V,=V

From Ohm’s law:

1% Vv % %
h=— h=— Ii=—and I = —
R, R: R

where R 1s the total circuit resistance.
Smce =11+ 1L+ 13
V |4 |4 |4

then, — = — + —
R Rt R R3

Dividing by V gives

1,1,
Ry 2 Ry

For the special case of two resistors in parallel

: duct
(1.9. produc )
sum




current divider rule

Cases

A) Suppose one of the resistors is zero as shown in fig

SR R, =
= 1 2

O

say R2 =0; that is, R2is a short circuit, that the entire current i bypasses R1and flows through
.the short circuit R2 = 0, the path of least resistance

B) Suppose R2 = oo, that is, R2 is an open circuit, as shown in Fig. below.

lf]=f

= R

The current still flows through the path of least resistance, R1

Example3: Forthe series-parallel arrangement shown in Figure below, find (a) the supply
current, (b) the current flowing through each resistor and (c) the p.d. across each

resistor .




R=250  Ry=40

—VWW— VW

|
|
V=200V

Soluation:

(a) The equivalent resistance R, of RsandR. | parallel 1s:

The equivalent resistance Ry of R, R, and Ry in series 1s:

Rr=254+15+4=8Q

(b) The current flowing through R; and Ry 1s 25 A

R 2
The current flowing through R = ( 2 ) = ( ) 25

R+ R3 6+2

=6.25A

R, 6
The current flowing through R; = ( — ) = ( ) 25
R> + R3 6+2

=18.75A

p.d. across Ry, 1e., Vi =IR; = (25)(2.5) =625V
p-d. across Ry, 1e, Vi, =IR; = (25)(1.5) = 3/sv
p-d. across Ry, 1e, Vy=IR; = (25)(4) =100V

Hence the p.d. across Ry = p.d. across R3 = 3/s5v




@Yy

Delta to Wye Conversion

To transform aA network to Y

the conversion rule for AtoY is as follows

R, R,

M=
R.+ Ry + R.

B R.R,
" R, + R+ R.

R2

RaRb
" R,+ R+ R.

Rs3

Wye to Delta Conversion




the conversion rule for Y toA is as follows:

RiRy; + RyR; + R3 Ry
= R,

a

RiRy+ RR;+ R: Ry
R:

RiRy+ RR; + RiRy
R3

The Y and A" networks are said to be balanced when

Ry = Ry = R; = Ry, Ra = Rp = R. = Ra

Under these conditions, conversion formulas become

Ry =3Ry

Solution:

ReR.  25x10 250
"R, R, +R. 25410+15 50

 RR.  25x15
T R, ¥R, +R. 50

=5Q

Ry

=758




_ R.Ry  15x10
R, +R,+R. 50

ER Y

R;

The equivalent Y network is shown in Fig below

B 5 jalaal
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Example :.Find R eq for the circuit shown in Fig below.

4Q 1Q
MWV VWY

2Q

250

6 Q 3Q

8Q
AAAAY

Soluation

3Q//6Q

3X6
3+6

1Q and 5Q inseries (1+5=6Q)

2Q)



In fig (a) (2Q and 2Q) in series (2Q+20Q=4Q)

40//6Q =4x6/4+6=2.4Q

40
O——MAM——

R
i 52.49

8Q

Reg=4+2.4+8=14.4Q)

Example : Forthe series-parallel arrangement shown in Figure below, find the supply
current .

Soluation:

R1U/R2 ,R3//IR4




Reg=1000Q//250Q + 350Q//200Q

_ 100X 250 350 x 200

R = 198.7010Q
°9 =100 + 250 350+ 200

24
I = = = 0.1214
198.701

Example: What is the value of the unknown resistor R in Fig .below if the
voltage drop across the 500 Q resistor is 2.5 volts ?

550 Chim 40 Ohrn
S'ATA" STATA"

§ 500 Ohm

Soluation:

25

V500= 50x0.005=0.25V
Drop voltage across R = 2.5+0.25=2.75V

Drop voltage across 550Q= 12 - 2.75=9.25V
1=9.25/550=0.0168A
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KIRCHHOFF’S LAWS

Kirchhoff’s first law

Kirchhoff's Current Law (KCL) : The algebraic sum ofthe currents present at a
junction (node) in a circuit equal zero.

(current flowing towards the junction = current flowing away from the junction)
current flowing towards the junction are positive (+)

current flowing away from the junction are negative (-)




11-11-13 +I.4+Ij =0

second law

Kirchhoff's voltage Law (KVL) : The voltage around a loop equals the sum of every voltage
drop in the same loop for any closed network and equals
Zero .

Using Kirchhoft’s voltage law, we get

'IlRl '|2R2 '|3R3 '|4R4 'Eg + El =0
or

IlR]_ + |2R2 '|3R3 + |4R4 = El 'Eg




Example 2: Use Kirchhoff’s laws to determine the currents flowing in eachbranch of the
network shown in Figure below.

Soluation

Using Kirchhoff's first law, at B and A we get, +lz=l3

[ ;=1 +1,

[ toopr |[ ww |

[ Loop2 ] [ KVL ]
Va2=R.l.+R.l
V1=R.111*R-313 2 Ru RSS
10=101,+401 [ ——
= =
1+40L ) [ 20=201,+40(1,+1,)

10=101,+40(1,+1.)
20=20L +40L, +40I,
10=10L,+401, +401, |

10=50L, +40L,) ] , 20=40I,+60l.
1=51 +4l, 1=21,+31,




1=%1,+0

1+0.715=4L,

I,=0.143A

1.715=4L,
Iy oSl Aed i gt ] ]

(V) Al dloimall & 1.=0.4295%

I.=1,+1_ )

1=5(-0.14S)+4l_
1=-0.715+4l,

Is=(-0.715])+0.429

1,=0.286 %

Example: Determine, using Kirchhoff’s laws, each branch current for the network shown in
Fig below

Soluation




KVL
Loop(1)
E.+E=11R1+1,R,
4+12=0.51,+2I,
16-0.51,+2I,
Loop(2)
E>=1,R»-15R3
12=21,-5(11-15)
12=-51,+71,
16-0.51+21, *7
12=-51,+71, *2
112=3.51,+14l,
24=-101,+141, ---4
88 =13.51, l,= 88/13.5=6.518A
From equation (1) 16-0.5(6.518)+2l, 1,=6.37A
|3:|1-|2

15=6.518 - 6.37 =0.148A

PINAEN b)AAlAAn L)&Au\ &WY\
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Maxwell 's Loop Current Methode (Mesh analysis)

Loop : is a closed path (closed connection of branches) in a circuit that
starts and ends at the same node without passing through any node more
than once.




Mesh : It is a closed loop that does not contain any other loop.
This method can be applied by the following step:

1- Suppose that the direction of the currents in each closed loop
circulates clockwise.

NN O% N

2- Write the loop equations of the circuit as in the following formulas
(form each loop one equation).

Se=Yixn

Loopl

Ei-Es =13 Ri: Ro (I-1y)
Loop3

Eo=Ry(l>-11)+Ra.15 +R4(12-13)
Loop3

Es=R4(l3-12)+Rs. 5

3- Solve the above equation to find out the current value(ly, 15 ,1s.....In)
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THEVENIN’S THEOREM

thevenin’s theorem states that a linear two-terminal circuit can be replaced by an equivalent
circuit consisting of a voltage source V1, in series with a resistor R+, , where V1, is the open-
circuit voltage at the terminals and R+, is the input or equivalent resistance at the terminals
when the independent sources are turned off.

Load

Linear circuit with
all independent
sonrces set equal
to zero

R
Aty

Linear
two-terminal
circuit

I"Th = Ve R'l'.l‘.‘l.:Riﬂ

The procedure adopted when using Thevenin’s theorem is summarized "below. To determine
the current in any branch of an active network (i.e. one containing a source of e.m.f.):

i) remove the resistance R, from that branch

i) determine the open-circuit voltageVVoc




i) Find the Thevenin’s equivalent resistance, RTH at the terminals when all independent

sources are zero(Replacing independent sources)
e [f voltage source (short circuit)

o [f current source (open circuit)

Iv) determine the value of the current from the equivalent circuit showne

Ry
“\“.‘l‘h‘i!\l

Vo @

V-
I, Th

4
S

< R

"~ Rm + Ry

OV

b

Example:For the circuit shown in fig below Calculate the current passes through (10Q)

resistance Using thevenins theorem

Solution:

VTH:?




VAC =1*15 =15V
VBC=1*8=8V

VAB= 15-8=7

Rag=RTH

R _2><8+15><5
AB 948 1545

=3.741.6=530= R,y

_ VrH

Iy =
L RL+RTH

Lo = ———— = 0.464
108790 +5.3

Example: Use Thevenin’s Theorms to find VO

6V 12V

2k §

find V OC




. 6V .
,=———=ImA = V,~.=14k)=—4V
' 2k+4k a0 =1 (4K)

V.. =12V-4V=8YV

Second, find Ry

2kQ §

Ry, = 2k/4k =4/3k Q

Thevenin equivalent circuit 1s
2k Q
Ry

AWy —0 ° 2k+R,,

Voc +

:> (’D \_f;§2kg 1/k(sv)

O
V,=48V

Gaild) 3 palaall  aludl g sal

(B plaall JSI alil) Ciagll) pastaill Ciag)




G5 (ASe il Al el 5 il e U o o e
aglia 8 Ll glly (Janll) Ll o olady 58 Bl G e 18 L S ()
.

-

NORTON’S THEOREM

Norton’s theorem states that a linear two-terminal circuit can be replaced by an equivalent
circuit consisting of a current source | \ in parallel with a resistor R y, where |  is the short-
circuit current through the terminals and R =Ry Is the input or equivalent resistance at the
terminals when the independent sources are turned off

circuit

Procedure of Norton’s Theorm

a. Find the short circuit current at the terminals, Isc

b. Find Thevenin’s equivalent resistance, RTH (as before

c. Reconnect the load to Norton’s equivalent circuit




Example: Determine the current in the resistance (6Q2) of the network shown in fig (5) below
by using norton s theorem.

Sluation

In=1»

_(6+4)x(2+8)

Ry =Ry = 50

(6+4)+(2+8)
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Superposition theorem

Whenever a linear circuit is excited by more than one independent source, the total response is
the algebraic sum of individual responses The idea is to activate one independent source at a
time to get individual response. Then add the individual responseto get total response

Steps to apply the superposition principle

e We consider one independent source at a time while all other independent sources are
turned off

e This implies that we replace every voltage sourceby 0 V (or a short circuit)
eevery current source by 0 A (or an open circuit)

Example: Use the superposition theorem to find v in the circuit in Fig below

8§Q

| +
sv @ 49]: @ 32




1- Redraw the original circuit with source (6v) removed set the current source to zero(open
circuit)

8§Q

AAAA
VvV O

[+
sv (D @ m%{jl

O

To obtain v1,Applying KVL

12i1 —6 =0 - ii=05A

n=4i1=2V
Or use the voltage divition

4
V= ——(6) =2V
1= 7789

Redraw the original circuit with source (3A), removed set the voltage sourceto -)
zero(short circuit)

Using current division

obtain v,

v=v+wm=2+8=10V



Example: Calculate the voltage across (15€2) resistance using Superposition Theorem

100
M

il
y
1A 50 % 150

Solution

removed the voltage sourceto zero(short circuit)

5><10_50_3339
5+10 15

_3.33
3.33+15

L 3.33
17333+15

1

x1=0.184

removed set the current source to zero(open circuit)

10Q
e —
‘l’lz 1
150




+10= 13.75Q

I, = 10 =0.734
3713.75

5
I, =0.73 % =0.184
2 =073 X577 =018

I=I1,+1,=018+0.18=0.364
|15:0.36A

Maximum power transfer theorem

Max power transfer states that the DC voltage source will deliver maximum power to the
variable load resistor only when the load resistance is equal to the source resistance.

A

Two terminal

Linear Circuit

&

B

whenthe load resistance is equal to the source resistance The amount of power dissipated across the load resistoris

Proof of Maximum Power Transfer Theorem

The power dissipated across the load resistor is

P; = I’R;




in the above equation.

Vrn 9
Pr = R
L [(R:m —|—RL)] L

::"PL—VTIL{ A ﬂ}

For maximum power transfer, differentiate PL with respect to RL and make it equal to zero

(RT}L + RLJE x1— Ry x Q(th —|—RL}
(th, + RL}‘l

= [RT};, + RL)E — QRL(RTh + RL) =10

= Vin*{ ;=0

= (th, +RL](RTh. + Ry — QRL) =0
= (R'Tfl- — RL) =10

>
>

Ry

Max power transfer states that the DC voltage sourcewill deliver maximum power to the
variable load resistor only when the load resistance is equal to the source resistance.

)

Vih

Pmax = g
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Alternating Voltage and Current

An alternating voltage may be generated:
1. By rotating a coil at constant angular velocity in a uniform magnetic field.

2. By rotating a magnetic field at a constant angular velocity within a
stationary coil.

Magnetic Poles

Magnetic Flux

T~ Wire Loop
-~ (the conductor)

Axin of
Rotation

The value of the voltage generated depends in each case upon:-

46



1-The number of turnes in the coil.
2-Strength of the field.

3-Speed at which the coil or magnetic field rotates.

Equation of the alternating voltage and current

Consider arectangular coil having (N) turnes and rotating in auniform magnetic field with an
angular volocity of(w) radian\second as shown in fig below

Let time be measured from the x-axis maximum flux (¢m)is linked with the coil when its plane
coincidedes with x-axis at the time (t)second this colil rotates through an angle (wt).

In this deflected position ,the component of the flux which is perpendicular to the plane of the
coil is
¢ = ¢m coswt
¢®N = Npm cos wt
¢:magnetic flux

N: number of turns

Accordingto Faraday’s second law of electromagneticinduction, we know that the induced emfinacoil is equal tothe
rate of change of flux linkage. Therefore,

_a¢
ST
do
=N—
=Vt
ConsideringLenz’s law,

d
e =—N E(d)mcoswt)

e = —N¢m w(—sinwt)

e = N¢pm wsinwt

e = Nom wsinl]

47




= N¢pm w =em
e = ey,Sin wt

- epSinwt
[ =—7T—
R

[ = [,pSin wt

>

|

270°

Definitions
A few basic terms will be defined in this section which can be applied to any
waveform.

ePeriodicwaveform:a waveform that continually repeats itself after the same
time interval.

ePeriod (T): the time interval between successive repetitions of a periodic
waveform or the time of one cycle.
eFrequency (f): the number of cycles that occurin 1 second, the unit used for

measuring frequency is cycle per second or hertz (Hz).
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0=wt=w.—

f

0=2mn one cycle

1
2T = w.— angular velocity w = 2nf rad/second

f

‘e Instantaneous value:the magnitude of the waveform at any instant of time.
o Amplitude or Peak value: the maximum value of a waveform.

Example2: An alternating voltage has the equation v = 141.4 sin 377t; what are the
values of:
(@) r.m.s. voltage;

(b) frequency;

(c) the instantaneous voltage when t = 3 ms?
Sol

V=v,,sinwt

@) V,=1414V=\2V
. 1414

N2

=100V

hence I

(b) Also by comparison
=377 rad/s =2xf
hence [f= 7;: =60 Hz
(¢) Finally
v=141.4sin 3771
When 1=3x10"s
v=141.4 sin(377 x 3 x 107%) = 141.4 sin 1.131
=141.4x0904=1278V




E 225%270° 315° 360°
> 45% 90° 135° 1

Types of Periodic Waveform

Triangle

Sawtooth




e = E ,,sin ot

€= €, SN M1

- ep=¢,, sin(wt+ o)

eB leads eA by an angle ¢

eA = Emsin wt...reference quantity
eB = Emsin (wt+¢)

Root Mean Square (R.M.S) value

The r.m.s value of an alternating current is given by that steady (d.c.) current which when
flowing through a given time produce the same heat (power) as produced by the alternating
current when flowing through the same circuit for the same time. It is also known as the
effective value of the alternating current.




Average Value

The average value la of an alternating current is expressed by that steady current which
transfers across any circuit the same charge as is transferred by that alternating current during
the same time.

In the case of a symmetrical alternating current (i.e. one whose two half-cycles are exactly
similar, whether sinusoidal or non-sinusoidal), the average value over a complete cycle is zero.

1 T,
Iav :;fo l(g)dg

Form factor

r.m.s
average

Peak or Amplitude Factor

max value
Ka =

r.m. s value

Example: Find Root Mean Square (R.M.S) value

N

! f "2 (0)d6
0




1 2T
Lo s — j ((I,sinwt)? dwt
0

T

Sinot? =1-cos2mt

I,
2T

J
=

Ir.m.s -

2T
j —(1 —con2wt) dwt
0o 2

sinZwtl

lwt —
2

sin2 mtrﬂ

Example: Find Root Mean Square (R.M.S) value, Average Value, Form factor and
Amplitude Factor for the wave form in fig below.

i i=Igsinmt

0

Soluation




1 T 2T
Lims = —j ((I,sinwt)? dwt +j 0dy:)
2T 0 T

Sinwt? =1-cos2mt

I,

Ir.m.s - \/E

™1
j —(1 — con2wt) dwt
0 2

2 SinZwt]

e -
2

T

sin2 mtl

0

1 T 21
I, = —f ((Iysinwt) dwt +j 0d,e)
21 J, -

T T
= _T [—1::1:Jsmt]CI

I
aw 2-}-[




Soluation:

T x2—-x1 2-0 2
Y'y1:m(x—xl) i—0 :I?m (t—O)

1 T 1 2 1 > I
I I 12(0)dO = |- i2dt =1 — = m 2 dt
r.m.s \/Tj() l ( ) \/2]0 l r.m.s \[2]0 (2 )

mz 2 mZ 3
s = [y @2de = o[

M

.2 [t3]2

8 L3

0




W

1- Determine the rms value of the current waveform in Figure shown below.

i(f) A

10

2- provethat Root Mean Square value of the waveform below 0.707Im
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A.C. Through Resistance, Inductance and Capacitance
A.C. Through Pure Resistance

In Pure resistance: The current (Ig) is in phase with

the applied voltage( Vr )as shownin the phasor.
VR

IR—R

Z=R
Z:Impedance in (Q)
%4

Z=-
I




In an A.C. circuit containing pure inductance L only, the current I_ lags the applied
voltage V| by 90° as shown in the phasor diagram.

+]

G, Sin ot
——\
Wy y \ /i— Iasin (ot - T'2)

XL: 2nfL

« Where:
X_ = Inductive Reactance in Ohms, (QQ)
n (pi) =3.14
f =Frequency in Hertz, (Hz)
L = Inductance in Henries, (H)




Pure capacitance:

.
=

Inan A.C. circuit containing pure capacitance, the current IC leads the applied voltage VC
by90°.

+ v = I, sin ot
A

A

Ic

I sin(m t+ 112)




eXc is the Capacitive Reactance in Ohms,
o/ is the frequency in Hertz

oC is the AC capacitance in Farads,

Series Resistance-Inductance Circuit

V2=VR2'|'V|_2 ) V= /VR2+VL2

V=+y(UR)?2+ (I.XL)?
V

/RZ +X,°




phase angle, 6 between the voltage and current is calculated as :
R Xy

cosf =— tan @ = —
R

Example: A coil has a resistance of 30Q2 and an inductance of 0.5H. If the current
flowing through the coil is 4amps. What will be the rms value of the

supply voltage if its frequency is 50Hz.
R= 300 L=05H




Soluation:
Vs=1.Z
X = 2nfL=2%x3.14x50x0.5=157Q

Z= |R2+X,*> =+/302+1572 =189.8Q

Vs =4%x157=640V

the voltage drops across each component

VR=I.R=4x30=120V

VL=I1.XL=4x157=628V

The phase angle between the current and supply voltage
X . 157

0=tan'=% =tan"! — = 79.20
an R dan 30

Series Resistance-Capacitance Circuit




Vi=VRZ 4V V= |Vp?+ V.2

V=yUR)?+ (I.Xc)?
|74

/RZ +X.2

Impedance
|74

Z =—
I

I =

Z = /RZ +X.*

cos 8 = ,
Z

R




Example: A capacitor which has an internal resistance of 10Q and a capacitance value of

100uF is connected to a supply voltage 100V, 50 HZ Calculate current flowing into the
capacitor. Also construct a voltage triangle showing the individual voltage drops.

R =100 C = 100uF

—AM—]]

O
100V
50HZ

Soluation:

1 1

Xe = 2mfc | 2x3.14x50x100x10-6 31.850

Z= |R?24+X.? =102+ 31.852 = 33.4Q

V100
I=—=——=3A
Z 334

voltage drops around the circuit are calculated as:
Vg=I.R =3%x10=30V

Ve=1.Xc-=3%31.85=95.6VV

The phase angle between the current and voltage

X 31.85
@ =tan !— =tan! =72.6°
R 10

Series RLC Circuit




V2 =Vg2+(VL-V, ), V= J Vg2 + (VL — V¢ )2

V=yI.RZ+ (IL.XL—1.Xc)% = I/(R)? + (XL — X¢)?
= v

JRZ +(XL-X)*

Impedance
V=I17%Z
V
Z=—
I

Z = \/RZ + (XL —X¢)°

Z = /RZ +(X)*

X=X -X¢
If e X, =Xc (resitive circuit)
® X, >X¢ (inductive circuit)

® X, < X (capactive circuit)

R X, — X¢
cosf =— tan @ =
Z R
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Example: A series RLC circuit containing a resistance of 12Q, an inductance of 0.15H and a
capacitor of 100uF are connected in series across a 100V, 50Hz supply. Calculate
the total circuit impedance, the circuits current, power factor and draw the voltage
phasor diagram.

L=015H  C=100pF

Ay

| |
LN
Vi Ve

()
(+)
100V , 50HZ

Soluation:
Inductive Reactance, X, XL=2xnfL =2x3.14x50x0.15=47.13Q

.- 1 1
Capacitive Reactance, Xc. X¢ = = — = 31.83(
2XTXFXC 2XTX50%x100X10

Impedance, Z. Z = JR%+ (XL — X;)* = /122 + (47.13 — 31.83)2 = 19.4Q

_V _ 100 _
Current, 1. I‘Z =To4= 5.14A

Voltages across Vg, Vi, Ve.
Ve =LR=514x12=617V, V. =1xX, =5.14%x47.13 =242.2V,

VL, = L.Xc=163.5V
Phase Angle, 6
0 =tan~?! X—L;XC = tan™? —47'131_231'83 =51.8° lag

V=7B.5v
2=51_3"

Wo=163.5v

We=163 5w
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Paraiiel RL Circuit

IV
JLXL

1 =12 +1,.% I= /1R2+1L21R

I = (K)Z + (1)2 -V (1)2 + (L)Z
R X, R X,

IR=

\'
R




Impedance

1

@+ G

7 =




Impedance

17 =187 +(I.-1.)% I= JIRZ + (I, — I¢)?




|4

V 1 1 1
X, )76)2 =V (D + G %)

X, Xc
1

1.2 1 1.2

j(R) +(XL Xc)

Impedance

7 =

V 1
I [1, 1 1,
\/ @+ &, ~x)
Admittance (Y) : Admittance is the reciprocal of impedance, Z and is given the symbol Y. In

AC circuits admittance is defined as the ease at which a circuit composed of resistances and
reactances allows current to flow when a voltage is applied taking into account the phase

difference between the voltage and the current. Y = % )

1.2 1 172
Y=§=\/(§) +(X_L_X_C)

1R

I, —1
8 = tan~?! LI < 6 = sin~?!
R

I, —1
O = cos” L <

Example: A 50Q resistor, a 20mH coil and a 5uF capacitor are all connected in parallel across
a 50V, 100Hz supply. Calculate the total current drawn from the supply, the current for each
branch, the total impedance of the circuit and the phase angle.

I

.

SI]‘J@ SuF—
100HZ

Soluation:
Inductive Reactance, X, XL=2rfL =2x3.14x100x20x10°=12.6Q
70




.- 1 1
Capacitive Reactance, Xc. X = = = 318.3Q

2XTXEXC  2XmX00X5x10~6

Impedance, Z. Z= =12.70Q

1.2 1 1 .2
j(ﬁ) + ({26 3183
v_so_

Current through resistance, R (Ir ): Ig = 2= o 14

Current through inductor, L (I_): I}, = Xl = %05 = 3.94
L .

Current through capacitor, C (Ic ):,I. = XX = 315% = 0.164

Total supply current (I)

1= \[IRZ + (I, —1.)% = 12+ (3.9-0.16)% = 3.874

I, —1 3.9 —-0.16
0 =tan ! =2 = tan 1~
R

= 75.03°
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| operator

The j operator in electrical circuit has the same value as the i operator in

mathematics. It is an imaginary number with a numeric value of, j = v—1. It is
used in power systems to reflect the reactive portion of electrical quantities such as
impedance, voltage, current and power. For example, with a complex impedance Z

Rectangular and polar forms

{(x,¥) OR (r,8)
o

Rectangula form or Complex number : A= x+jy ,j=+v-1
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..
M) rotation

..
180 rotation

]
270 rotation

w ...
360 rotation

polar forms :B=rL_©O

Convert between Polar and Rectangular
COO rdlnateS Imaginary axis

A
Convert from Polar to Rectangular

Coordinate

X =1cos0 y =rsin@

> Real axis

Convert from Rectangular to Polar
Coordinate

r= x4y

Example:

Example :Converting Polar Form (6L_30°) into Rectangular Form.

Soluation:




rL O ‘ X+jy

X =1rcosf , y =rsinf

630" = (6cosB) + j(6s5ind)
= (6 c0830°) + j(65in30°)
= (6 x 0.866) + (6 < 0.5)
=52+ i3

Example :Converting Rectangular (2+j3) Form into Polar Form

=)
X+Jy r._o
r =./x2+y? ,0 =tan!
r=v5.224+3%2=6

=6L_30°




Addition and subtraction of complex numbers are better performed in rectangular form.
multiplication and division are better done in polar form. Given the complex numbers

Al= xiHjy1, A= Xotjyo

Addition: A+ A, =(X1+x2) +j(yl +y2)
Subtraction: A;-A2=(x1-x2)+] (yl-y2)
Multiplication : A; XA, = rnxr, (£61-02)

Division: 2t =™ (, 01 — 02)
Az 12

Complex Conjugate: A*=x-jy=rz-¢=re

Example:Multiplying and Division 6 230°and 8 2—45°.
A1 XA; = Xr, (£61-62)
A, XA, = 6x8 £30°-45° =48,-15°
Aq
A,
Example: Addition and subtraction(A1=3+j4 , A2=5+j2),
Ar+ A= (X1+x2) +] (Yl +y2)
A +A,=(3+5)+](4+2)=8+)6
A -A2=(Xx1-x2)+j(yl-y2)
Ay -A2=(3-5)+]j (4-2)=-2+j2

6
= 5(‘300 — (—45°) = 0.75275°

. 1 1
a) pure resistance, then R=Z and YE =

: : 1 1

b) pure inductance, then Z=jx_ and YE = -
- - 1 1

C) pure capacitance,then Z=-JXc anq Y = = -
i - - - . 1 1

d) resistance and inductance in series, then z=R+jX, and Y = 7= -

1

e) resistance and capacitance in series, then z=R-JX, and =
—jxc

. . . 1 1 ., 1
f) resistance and inductance in parallel, then piale s
L
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Example : For the circuit shown in fig below Calculate the circuit current.

I, 10Q 15Q
- AMA o0

L 8Q 16 Q
- AN o0

D,

Z,=(10+j5) , Z,=(8+]6)

1 1 1 Z;+1Z,

7 I, Z, Z,.7,

Y_1_21+Zz_(10+j5)+(8+j6)_(10+j5)+(8+j6)

Z Z,.Z, (10+j5).(8+j6)  (10+5).(8 +j6)
_(10+8)+j(5+6) (18+j11)
~80+j60+j40—30 (50 +,100)

(18 + j11) (50— j100) 200 — j 1250
(50 + j100) (50 — j100) 12,500

=0.16—j0.1

I=-=VY
Z

V =20020° =200+ jO
1= (200 +j0).(0.16 —j0.1) = 32 — j20 A
polar form

I =+322 +202 ,tan"! ‘3—22"

I=37.742 — 32°4
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