Abbreviation for multiples and submultiple

Prefix Prefix
Multiplying factor Symbol Multiplying factor Symbol
1000 000 000 000 = 10" tera T 0.1=10" decl d
1000000 000=10" giga G 0.01=102 centi c
1000000=10° mega M 0.001=10"° milli m
1000=10° kilo k 0.000 001 = 10"® micro p
100=10° hecto h 0.000000001=10" nano n
10=10' deka da 0.000000000001=10"" pico p
Derived units
area square meter m*
volume cubic meter m?*
frequency hertz Hz 1/s
mass density (density) kilogram per cubic meter ka/m?
speed, velocity meter per second m/s
angular velocity radian per second rad/s
acceleration meter per second squared m/s®
angular acceleration radian per second squared rad/s®
force newton N kg - m/s®
praessure (mechanical stress) nawton per square meter N/m?
kinematic viscosity square meter per second m®/s
dynamic viscosity newton-second
per square meter N - s/m?
work, energy,
quantity of heat joule J N-m
power watt w J/s
quantity of electricity coulomb C A-s
tension (voltage),
potential difference,
electromotive force volt v W/A
electric field strength volt per meter Vim
electric resistance ohm Q V/A
capacitance farad F A-s/V
magnetic flux weber Wb V-s
inductance henry H V -s/A
magnetic flux density tesla T Wb/m?
magnetic field strength ampere per meter Al/m
magnetomotive force ampere A
luminous flux lumen Im cd - sr
luminance candela per square meter cd/m?
lluminance lux Ix Im/m?




Factors affecting the resitance

1- Length of wire (L) meter
2- Cross- sectional area (A) (meter)?
3- Type of material (p) (Q.m)
x L — - « .
R = P Q p = resistivity
A
4- Temperature (C°)

R =Ry |1+ (T, =Ty )|

Rf = Final Resistance

R, = Initial Resistance
oy = Temperature Coefficient
Tr = Final Temperature
T, = Initial Temperature
5- Type of current Ac or D¢

EX: A wire of (2000m) length made of copper with resistivity of (2x 1078Q.m)
and has across section area of (10~*m?), calculate its resistance?

XL
Sol. R = 2==
_ A
2x1078 x 2 x 103
R =
10—4
_ 4x107°
1074
R = 4% 107°
T 1074
4x107° x 10% 4
R = =4x 107t =—
1 10
R=040



Ohm's Law

k)

EX: The resistance of a coil (40Q) at (20°C) connected to (220V), and the
temperature increased to (120°C), if (a« = 0.003), calculate the final resistance and
the variation in the electrical current?

Sol.

R =Ry |1+, (T, -T,) |

= 40 [1 + 0.003 (120 — 20)]

=520
L =—=22=554
Ry 40
L= Y220 ey
2T R T2 "

o AI = 12 - 11 = 5.5 - 4.23

=1.27A




Series Connection

Rl RZ R3
E=V,+V,+V, <_N\A//V_>‘<WV\:
V,=IR,V,=IR,V,=IR, LI 1 |
E=IR,+IR,+IR, |
E=1(R,+R,+R,) E
||5_:RT R, =R, +R, +R,

Rt = Total Resistance
= Equivalent Resistance

Parallel Connection




Power in Resistance

P =V xI
=IRx| =1*R  Watt
2
=V><V= v Watt
R R

EX: In the circuit showin below, find

1- Equivalent resistance (Rt)
2- Total current in the circuit (I1)
3- Total Power drawn by circuit (Pt)

4- 1y R,=10Q
Sol
Sol R, =50 Y
—A\NN—
MR, =R, +(R,[IR,) Y R,=10 Q
_5,19x10 144
10+10 “
Vo 20 |
N =~ = _2A
(2)1; R 10 20V
(3)P, =V x| =20x2 =40 watt
10 10
Nl =1 o 1A
=l 0770 =2 %0

Ex: For the circuit shown find R+, V1, 11, |,

L -2 _o5a
8
=1 x—1 __07A
28+11 v
=1 x—2F18 179
(15+13)+11
R =@8+1)+>M 2690
28+11
V. =1 xR,
=25x26.9
=67.25 V




Ex (H.W.): For the circuit shown Find

1- Total Resistence
2- Current Pass throgh R,

3- Total Power drawn by circuit

4- Currentin R; and R,

R, =R, +R,
1=
RT
Vi=IR; = (E)Rl = RE
R, R,
V,=1IR, = (E)Rz ~ RoE
T RT
Note that the format for V, and V, is
RE
V, =—2
R;

R, =100 R,=200Q
— " \\VN— R,=50
| R=100 R,=20Q [
R,=60Q
R, =120 Ry=5Q
— VNV Rr=60 [ VVVT
|
E=10V

Voltage Divider Rule

(Voltage divider rule)

Where Vy is the voltage across Ry, E is the impressed voltage across the series
elements, and Ry is the total resistance of the series circuit

-



EX: Determine the voltage V; for the network of Fig (1)

ok Fig (1)

RE RE
Vl = =
R, R,+R,
_ (20)(64) 1280
20+60 80

=16V

EX: Using the Voltage divider rule, determine the voltages V; and V; for the series

circuit of Fig (2)

V, v,
AVAVAY

So
y _RE__ (2KQ)45)  _ (2KO)(45)
'R, 2KQ+5KQ+8KQ  15KQ
3
_(2x10 )(:15) _0 .y
15x10 15
v - RE _ (BKO)(45) _ (8x10°)(45)
° R, 15K Q 15x10°
=30 o4y
15

R=2KQ R,=5KQ R,=8KQ

-




Current Divider Rule

R+ is the total resistance of the parallel branches. Substituting V= 1y Ry into above
equation, where Iy refers to the current through a parallel braanch of resistance Ry,
we have

| —
|1=R—T| * R,

R,
R

=T

I, R,
For the particular case of tow parallel resistors as shown in Fig
— RlRZ
"R, +R,
RlRZ
R R,+R,

=T = I

|
' R, R,

EX: Determine the current |, for the network of Fig (3) using the current divider

rule.

I, =6 A
Sol B

pu
| Rl (AKOQ)(6A) < HT
° R,+R, 4KQ+8KQ e A
A -
> o)

4 1
- =(6)=3(6)
=2A

Fig (3)




EX:

Sol

Find the current 1, for the network of Fig (4)

=42 mA
WIT 4

Fig (4)

R, =6 10240124=6012=4Q

_ R, (4)(42x107%)

I =28 mA
R, 6




Delta-Star (A—Y) transformation

Delta (A) network Wye (Y) network
A Rac C
VWA
RAB RBC
B
Pi (m) network Tee (T) network
A RAC C A RA RC‘ C
RAB % § RBC RB
B B
Fig (5)

Delta- Star- Delta Conversions

To convert from Delta to Star:

R.R.
___RR, p o RR Ry —
M R RTR "TRARAR ot fo v e
To convert from Star to Delta:
p _ PRt BBy + RaRy  p  RiRat RoRy+ ReRy R, = Fafa + BaRs + RyBy
7 H2 ) b }23 ! ‘ Rl

10
4

m




EX: In the circuit Shown in the figure. Find the Total Resistance and Total Current.

Fig (6)
B R,R, _ 2x6
* R,+R,+R, 2+6+4
Lo
12
R __ RR, _ 6x4 |
P R,+R,+R, 2+6+4 100 V
=2Q
_ RR,  4x2
° R,+R,+R, 2+6+4
=§:0.66Q
12
R, =90
. AVAVAY,
(/)\éé/g\; R, =12 Q
R, =R, +R,=1+8=9Q ' AVAVAY
R.=R, +R,=2+10=12 Q N
|
R =R, TR)=22 5140
9+12
R, =R; +R, =5.14+0.66=5.8 Q R, R, =5.14 Q)
A NNN———
:E:@:17.24A 0.66 Q2
R, 58

t

11



EX: In the circuit Shown in the figure. Find the Total Resistance and Total Current
by using Star- Delta transformation.

RaRb

R, =R, +R, +

=6+8+6%8:26 O

R,=R, +R, JrR*’RC

a

:8+4+%:1?.33 O

R
R3=Ra+RC+Ra <

b

=6+4+6XT4=139

26 x 26
RlDRf :m:].SQ
R _18x18
2779 18+18
R.[ _13><13_65Q
79 13413

13 Q in series with 9 Q
13+9=22 Q)

2285 £ 017

.. Reg=

_E 10

~ Req 5.017

P, =E x1 =10x1.993
=19.93 watt

I =1.993 A

9
oY %
iTE '\' o %s
>7180)
18R
. o %
E =10V
90
S — 13+9
E-lov 054 =220

-




20QQ

Ex (H.W.): In the circuit shown below find: M
1- Total Resistance. 209 lAOAQA
2- Total Current pass through circuit. .
3- Total power drawn by circuit. 0V |

10Q2

100
N

Kirchoff's Law

1- Kirchoff's Current Law (KCL):

The first law, also called Kirchhoff’s current law, states that the algebraic sum of
currents entering and leaving any point in a circuit is equal to zero.

The sum of currents entering a node must equal equal the sum of the currents
leaving a node.

If all currents entered a single point in a circuit then we would have an equation
Ia + Ib =0

«Here are some examples of currents entering and exiting a point in a circuit.
& i N
d

o
I / POy

« Current I, enters while 1, exits
l,+1,=0
« Currents I, , I, and I, enter while |4 exits.
L+l +1.—13=0

Point Z or NODE Z has currents I, + I, — 1. — 13=0



2- Kirchoff's Voltage Law (KVL)

The algebraic sum of the voltage across each resistance in any closed path in a
network plus the algbric sum of the (E.m.f) (electro motive force)= Zero
E -VR,-VR, =0 i e 3l g
E =VR,+VR, | R Sl sladl e S
E =IR, +IR, 1 1
R1
E,-E,-VR,-VR, =0 — AN/ s
E,—E,=VR,+VR, < f\» oo
E,-E,=IR - L s
1—E; =R +IR, - | _
E, E, _ual
-
—
AW
RZ
dall &l gas

e auial) olai¥) slae ) 5 <l Ll e yig im js Yol a8 -]

Dl Y1 G (8 a1 Al (552

o siie U5l 8 JLall o)y sl clilal) clalas) i 5k -3



EX: Determine the current in each resistance using (K.V.L.) and (K.C.L)

l, 50 6 Q) l,
N AN —
< |3 —>
E1:8V_“_ I1 T 100 I, ____Ez _
D e — e —

Sol (5Y! 4a

=1, +1,
8-51,-101,=0
8-51,-10(l, +1,) =0
8-5I,-101,-101, =0
8-151,-101,=0
8=151,+10l,
~10+61,+10(1,+1,)=0
~10+101, +161,=0

10 =101, +161,
by sowing eq.(1) & eq.(2)
8 =151, +10I,
10 =101, +161,
15 10
— 240-100 =140
10 16
‘8 10‘
10 16 —
- _128-100 28 _02 A
140 140 140
F5 w
10 10 —~
. _150-80 _ 70 _05A
140 140 140

1,=02+05=07 A




Sol 44l 4ay )l

E,—51,-10(1,+1,)=0
8151, —101, =0..........(1)

E,—-6l,-10(1,+1,)=0
10-101, -161, =0............ (2)
by solving eq.(1) & eq.(2)
151, +101,=8 x2

101, +161,=10 x3

301,+201, =16
F301, 481, = F30
0 - 281, =—14

:E:O.SA
28

|2
(1) e dgmg Jillad, 3
8—151,-(10x0.5)=0 = |1:%:0.2 A

l,=1,+1,=02+05=07 A

EX:Find the current in each branch by using Kirchoff law

3Q 110 V

I 1 I

10e

A ? < )iOOV
50
AN

290 V



Sol: For loop (1)

—31,-110+100+4l, =0
31, +41,=10.......(1)

For loop (2)

220-5(1,+1,)—41,-100=0
220-5l,-51,—41,-100=0
51, -91,+120=0

51, -91, =-120........(2)

_31,+41,=10 x5
+51, +91, =+120 x3

0 + 471,= 410
|,=8.7A

Q) O umasld Lo (I)allasl)

31, +4(8.7) =10

31, +34.8=10

31, =10-34.8
248

|
3
|,=83A

|, +1,=83+87=17 A




H.W. Apply branch-Current analysis to the network of Fig.

Source Conversions

It is often necessary or convenient to have a voitage source rather than a current
source or a current source rather than a voltage source. If we consider the basic
coltage source with its internal resistance as shown in Fig(7), we find that

E
o=
S+RL

Or by multiplying the numerator of the

equation by a factor of (1) which we

choose to be R /R . We obtain

Fig (7)

_ME) _Rs/RE _R(E/R) Rl
" Ry+R, R +R, R +R, R +R,

if we define | =E/R, . The resulting equation is actually an application of the
current divider rule to the network of Fig (8).




SO

Fig (8)

For the load resistor R, of Fig (7) or (8) it is immaterial which source is applied as
long as each element has the corresponding value. That is, the voltage across or
current through R will be the same for each network. For clarity, the equivalent
sources are repeated in Fig (8) with equations necessary for the conversion. Note
that the resistor Rs_ is unchanged in magnitude and is simply brought form a series
position for the voltage source to the parallel arrangement for the current source.

EX: Convert the voltage source of Fig (9) to a current source and calculate the
current through the load each source.

Sol:
= _ = 6 =1A
R; +R, 2+4
3 R 2x3
> Y=o “2_1A
3 A R +R, 2+4
E 6 D RS RL
. E 6 _2a 20 40
s 2
b
Fig (9)



EX: Convert the current source of Fig (10) to a voltage source and find the current
through the load for each source.

Sol:
a
a —
Rs>3ka
9mA<D Re=3 ko RL—6KQ RLZ6 KO
Q»mA T E=lRg=2rV_— T E 27 27
| I = N TR
] ] R.+R,_  3KQ+6KQ 9KQ
b b
3 -3
I = Rl :>3><103><9><103 _3mA
R, +R,  3x10°x6x10
Fig (10)
Thevenin's theorems (i 4y ylas
Jall il glad

A,B kbl c agall 3 63 &5 (open) Adesd g Lead lall Ll slag) af jall e glia ad 5]
Vth 2 6

25 o) (Open) Uil jdbas s (Short) 4l gél) jabas Jaa (53 sk o= (Rth) 2 932
Adanil) oda A e s palall ) lass g3 kAl

ASIS) i655 ,300 Jay i3

Rth
— R
" Rth+R,
EX: By using thevenin theorem find the current in 2Q.
6 Q 30

AAAY NV A
1 -b N
Tiov > O

B

mA

.




602 3Q
*A
“io
Rth =(614)+3=54Q "B
602 3Q
NNV WW—— A
- 40
10 VT
Vth:EX4=10X4=4V °B
6+4 10
540
T 2Q
4 4V
I, = =05A
5.4+2
EX:Find thevenin equivalent for the network shown.
50 g 15Q
NWN——— VWV
S - N
10 V__ ;[O T 20V
@
b




Rth=22 _ D 3750 b
5+15 20
50 150
AN T
10\F__p l
1:10><15:15O:7.5V b
5+15 20
A T‘ A
J"/ﬁzov
2=20><5=@=5V b
5+15 20
Vth=75+5=125V
Rth=3.75Q
Vth 12,5 Vth 125V | e
~ _26A

IL = :> - .
Rth+R,  3.75+1




Noton Theorem

oy s
&t 25 o) (Short) 4dl sl jalass (Open) Ukl sdbas daa Gisb 0= Ry 2asi-1
3 ylall
ls.c 2 55 (Short) Led Ll dla) 3 jall 4 gliall Jani -2
Iy 2> 5 DSl (55 ) 538 1o o -3

EX:Find the Current in (5 Q) by norton theorem.

2Q 6 Q

o) F0 o 5

2
z

Ry =(6+4)((2+8)
| 10x10 100
20 20

5Q




. :10X8:80:8A
8+2 10
X :8><5:4O:4A
5+5 10

5Q 5Q

8 A

EX: For the network Shown. Find the curren in (3Q) by Norton theorm.

Ry =(12)+4

(£j+4
3

:>E+4=4.66 Q
3
10 40
NV AAvAY

§29

—

10 4 Q)
AN\ AV
N w
10V 2 O
10 4 Q)
AVAVAY, . AVAVAY,
pp— 2Q
10V




40

§1Q 1.33Q

;4.66!2 § 3Q

mg) 10 20
—>
FYORN-L
4x2 _8 1330
442 6
10x1
|1.33= 2.;3 =43 A 10 A<D
4.3x2
o=, —1.43 A
ho=lse “R, +R, 1.43ACD
1.43x4.66 _ o0 o
4.66+3

EX: By using Norton theorem find the current in (2Q).

60 15V

AA—|

40 10|V

AA—|
2 Q




ANV
4Q
ANV
Ry =6[4 e o
6x4 240
6+4
60 15V
! A |
{ 10 10V
IS.C:|1+|2 IL /\/\/\/ I
IS.C
h:%:ZSA -
Q:E:ZSA
4

|, =25+25=5A

(%) 240320
5A
_5x 2% 12 505

N X =
24+2 4.4

Superposition Therem

The superposition theorem, can be used to find the solution to networks with tow
or more sources that are not in series or parallel. The most obvious advantage of
this method is that it does not require the use of a mathematical technique such as
determinants to find the required voltages or currents. Instead, each source is
treated independently, and the algebraic sum is found to determine a particular
unknown quantity of the network. In other words, for a network with n sources, n
independent series-parallel networks would have to be considered before a solution
could be obtained.

g
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