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Unit system




Rational :

- Its very important to study units system
-also to study the elements effects of a
resistance



‘Central idea

Define voltage , current and resistance
Define unit system

The element effect at resistance



:Alm of lecture

To let the student be able to to identify and analysis different elements effects at
.resistance value



‘Pretest

define : current , potential difference -1

write Ohm's law -2



Unit system

Quantity unit symbol
Length meter M
Mass Kilogram Kg
Time Second S
Current Amper A
da ) Kelvin K

5 )l aliTemperature

Luminous intensity candela cd

34\..'4?\ S.J;x




From the basic quantity we can derive

Quantity unit symbol
Electric charge Coulomb C
Electric potential Volt V
Resistance Ohm 9)
Capacitance Farad F
Inductance Henry H
Conductance Siemens, mho S
Frequency Hertz HZ
Power watt W




‘nations




‘The elements effect at rssistance value

. Resistance varies directly with ( Length ) { L }

. It varies inversely with ( the cross section area) { A} -2

It depends on the nature of the material { specificin (p) } -3

. It also depends on the temperature of the conductor { T} -4
mQ= 2.mOQ==R.A/L p, )J)Q.I/A(p:. R=REL/A.
m

\When R: resistance, p= specificin or resistivity , L= length
A =cross section area



EXl: A rectangular carbon block has dimensions (1 cm,1cm ,50cm).
1- what is the resistance measured between the two square ends .
2- Between two opposing rectangular faces if P = 3.5x10-5 2. m

Second
Solution: . case l
1- R=P.L/A (Q) =3.5x10° x0.5/(1x102 x 1x10-2) First
.R=0.175Q — & wesk
2-R=P.L/A Q=3.5x10"°1x102/(1x102x50x102) v
.. R =0.00007 Q

Ex 2: The wire resistance equal to (40 Q) and length (1Tkm) if the resistivity=2x1028 Q.m
, calculate: the diameter of the circular type wire.

Solution : Area=(r2/2).m ,R=P.L/A Q :.A=P.L/R = (2x108 x1x103) /40
=0.5x10% m?2



The temperature effects at the resistanceThe resistance of the
material depends on the temperature, When (T) increased, R also
‘Increased

s R(Q)
Rt /
Ro

b O t

Let the resistance of a conductor at 0C=RoQ
Let the resistance of a conductor at tC=Rt Q
Let the temperature cofficient of material at 0C=ceo / k
Let the temperature cofficient of material at tC=cet / k




. &

Solutiorr: =v2/R :. R=(240)2/ 100=576Q
Rz=R1(1+ce1(t 2-11) ) ;. 576=R1[ 1+5%x102 (2000-15)]
576=R1(1+9.92) , R1 =576/10.92 =52.7Q & I=VIR=24OI52.7=4.55P

Ex.(4): Palatine coil of resistance(3.717Q) at (100C ). Calculate
1-The resistance at zero degree. 2- the temperature coefficient of

resistance at 40C (H. W)

4 Notes: 1- Ro= 2.781 Q
| 2-cet= 0.00284/k




Solution: R1=v/h=10/1=10Q , R2=v/12=10/0.95=10.53Q

Rt=Ro(1+0eot) . R1/R2=Ro(1+0eat1)/Ro(1+0ceot2)
+.10/10.53=(1+4.28x10* x20)/ (1+4.28x103 x t2) .. 12=33.4C
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& Ex:(7) An electric heater takes a current of (15A) from a (115v) source. The cables R
connecting the heater to the supply are each (43m) long. If the voltage drop along the

cables is not exceed (12v) .Determine the diameter of suitable copper wire and select
p=1.72x10-8 Q.m

=

~4

R=E/I=12/15=0.8Q , total length of wire =2x43=86m
R=p.L/A : A=p.L/R = (1.72x10%x86) / 0.8 =1.849x10° m?

A=[(1/2).d]2.TT

A=(d2/4).TT :. d2=4A/TT :. d=V4A/T]

C{ax 1.849x10°® /TT =1.5mm / ‘
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| Itis very important to study

Resistances connect ion:
Series circuit, Parallel circuits and complex

connection

] Also to study Voltage divider rule ,
the current divider rule and Ohms: law



‘Central idea

connect the resistance as series -
parallel and complex,

.Ohms, law e

\Voltage divider rule, the current divider rule



- Alm of lecture

To let the student be able to identify the
analyses different kind of resistance
connection (series, parallel ,complex)






:CLASSIFICATION OF ELECTRIC CIRCUIT

Series Circuit-1
.Parallel Circuit-2

.Series Parallel Circuit-3
.Mesh or Network Circuit-4



/f}_ _ Seri

|=11=12=13=-------=In

es circuit

V1=V1+V2+V3+4-----+Vn



Voltage divider rule 4l sil) awds o 5ild

—— -

Vi=l.R1=VT.R1/(R1+ R2) V2=1.R2=VT.R2/(R1+R2

—

Ex: By using V.d. r. Find V1,V2 !

V1=VT.R1/R1+R2 V2=VT.R2/R1+R2
=4x24/(4+2) =16v =2x24/(4+2)=8v .




A
jEZ/\fParallel circuits s 383l J-"LU

I In
, = T
i T l‘z T ke ; VT=Vi=V2=V3=Vn
s Igm Ra R3 ] B
= o VZT " v | IT=11+12+13+ ——+In
i
1/RT=1/R1+1/R2+1/R3+ ---—-+ 1/Rn
CT=G1:Goy Bas wwa + Gn . {G=1/R} G : conductance 4ailasgall (..
F or two resistance parallel connected as shown in fig. S

1/RT=1/2 +1/5 =7/10 :.RT7=10/7=1.4Q
z - Ry
or: RT=R1.R2/(R1+R2) —_— .
=2x5/(2+5)=10/7=1.4Q




The current divider rule ( &L At o) 5318)

- V/Ri=lTx R1.R> == R v e I=
R4 Ri+R2 S ' §
<1 g R
Also: I2=R1 . I+
Ri+R:2
EX(1) :Find I1,1z For the cct. Shown ;
Solution; h=R2 xITt = 4 x12=8A 2
——yﬂ\/\/\,—
R|+R2 2+4 l_‘

2+4

l2= 2 x12=4A

124




a5l 538 :OHM's LAW

At a constant temperature; the current flowing through the circuit is directly"
""proportional to the voltage and inversely proortional to the resistance

Current = Voltage/ Resistance I

—{(A— -

or: I=VIR (A) - K

/™ Ametenthe raeding of current

-—

Voltemeter, the saeding of Voltage drep

= &

$
E _I_ E; The battary or voltage
s il



Ex(z); Fir.d Vad' Vab, vm .VCd 0'3 :'

R//=12/3=4kKk

=]



EXAMPLE :

The supply voltage of the circuit is 50V (reading of voltemetr ) and
the resistance value is 100 Q. Calculate the current flowing through
this circuit

(reading of ameter ).(V=50V)

— ()=
\J

' SOLUTION " g\\-j

By using ohms law

I=V/R Resistance (R) = 100

1=50/100=0.5 A



% <\> 150mV

For a given circuit the reading of bLUZ\A

voltmeter is 150mV. and the reading

of ammeter is 75pA . Calculate the I . IJ I - | g’“ L' &N
resistance value of the circuit ~
b‘).ualé_}l




' SEIRIES CIRCUITS

I" ampere current flows in all”
resistors"” ,For agivin circuit ( E)is
electromotive force of power
supply ,V is total voltage of source

or (VS)

e

K
ll ._""“.‘.l\."\—-
R,
< R —
R
-
= i\




SLEN aite (6308 adgil § yuial 446308 8 yslas
https://youtu.be/g4GNb6TCZho?
sI=0vwPZW|SAUQMzKOI

- V/Ri-17x R1.R> i Rz . IT ' N
R R1+R= S : ‘L l
Also: lz= R A [ i ] ]-‘ -
R-+R=2

EX(T) :Find 1.1z For thhe cct. Shown ;

Solution; =Rz xIT = 4 xX12= 8A o

R1+R2 2+4 Jﬁ: l

'2 — 2 X 1 2= 4A T:—ﬁ-—'-.---_--_—
2+4



https://youtu.be/g4GNb6TCZho?si=0vwPZWjSAuQMzK0I
https://youtu.be/g4GNb6TCZho?si=0vwPZWjSAuQMzK0I

EXAMPLEZ2

For two resistance parallel connected as shown in fig.

1IRT=1/2 +1/5 =7/10 ..R1=10/7=1.40
or. RT=R1.R2/(R1+R2)

=2x5/(2+5)=10/7=1.4Q




‘Saaall SLAAY|
S35l Loy 9 (ol 93l day (553 583 wlasly a3
JS) &aslas (ole Jadlabia¥ls 1) a0 Lagaas 3,815
(4o 500 (ad oMb Juad

295 LS JS oIl (ole LU Laafy ooy 8300 aliay © #aade

https://classroom.google.com/c/NzcxOTQ3M|ES5MTc5
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DELTA-STA
CONNECTION
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DELTA-STAR CONNECTION

In solving networks having
considerable number of branches;
one same times due to a large
number of equations that have to
be solved. This complicated
network can be simplified by




DELTATO STAR
CONNECTION

= R‘é
R~ R A
b =
> ;2 O
B ANAN C
; - S
R— B LR =
t B T - IR
= | - T - P
= R e e s e
. - I — e

R o, +F R 5 +— K




DELTA TO STAR
CONVERSSION




EXAMPLE 1: Find the total resistance
between the points A and B of figure below

:SOLUTION
40 ‘
C 4 Q) ,
A —AWW 4 A C
10 10 %8 {71Q
% - 5, X 5
D ANV S\ 3
8Q 10 B %SQ 40 %
B 0 ’




As seen from figure(c):
RAB = 4+(8 7/)+(3.6) =8.6()

3 .
4 AN <
=
—
':—.
P




Example 2: For the cct. shown below

.calculate (IT)

s LAaan

WY

3 Ohm §2 Chtidits

—1[}{

~

NN
l 4 Ohm 8 Onm
NN L 3 /\/\/\,_l_

§12 Ohm

Solution ;

=]

s L N\

T

3+1=4 é T
tom 2452=4

g, onen Zse oo -

-

. & RB
RA 1 Obm 2 Oben
pr— N AN N~
§3 onm RC 2 Ohm §12 Oten
— 2 Ohm
——

RA _4x4= 1 ohm
16

RB _ 4x8= 2 ohm
16

Rc = 4x8= 2 ohm
16




For the circuit shown below find Rt between

Aé&B

3 | -3

L

> =

<

= —
- - > T =3
- — =
//,\
~o s — ==

R1=4xA4/(4+4+3)=1.45Q
R2=4x3/(11)=1.09 O
R3=4x3/(11)=1.09 O

Rx=6+1.45= 7.45 O

Ry=1.09+4=5.09 O

Rz =1.09+4=5_09 O
R//=(5.09%5.09)/(5.09+5.09)

2.5490 . RT=16
=
' 2 1.4S
=T [ p/_L OCL’]
== _: "—"?
)




LU o ool Ll

for the circuit shown In figure ; find the
current passing through (R L =18 KQ )

Ve =120V ==

: ( 0 D
1840 ‘ NN\/
0 R Do



L“SJ-Z-.\JI il

H.W :For the circuit shown in figure find the current passing through ( RL=1KQ).
(feles 24 5l agids b))l gins ) slial )il ole Lla¥ ! o) oo

https://classroom.google.com/c/NzcxOTQ3M|E5MTc5/a/
NzY1NzE1MTAxMDc4/details

Google Classroom


https://classroom.google.com/c/NzcxOTQ3MjE5MTc5/a/NzY1NzE1MTAxMDc4/details
https://classroom.google.com/c/NzcxOTQ3MjE5MTc5/a/NzY1NzE1MTAxMDc4/details

baly oo Sal8in¥ ] eliSay KT8 palall agdl
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https://youtu.be/YJISMIp2WAW?SI=V2-

2GtWNuUSBrz3qg



https://youtu.be/YJlSmJp2wAw?si=V2-_2GtWNuSBrz3q
https://youtu.be/YJlSmJp2wAw?si=V2-_2GtWNuSBrz3q
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'RATIONAL

It IS very important to study -
Kirchhoff's laws
Also to study Maxwell's method -



‘CENTRAL IDEA

Definition Kirchhoff's current law in ¢
. any electric point

Definition Kirchhoff's voltage law in e
. any electric closed circuit

To learn Maxwell's loops by using e
Kirchhoff's voltage law



Slaay

25 gl

| ;‘,4, %
AT THE END of this lecture the student PRaaisaE:

be able to identify the analyses net work s ;
by using Kirchhoff's laws &




skl Laasyl

S‘oLS.sIEJALalléJJ@_bS | 3Ls

Kirchhhoff°s first Iaww

Z Iin T Z Iout



-Kirchoff's law

I Kirchoff's law is used to find out the current flow in the
' network circuits easily where Ohm's law is not applicable. It
5 2 .is applicable both for DC an AC circuits
1 & :Current law
3 The sum of the current flowing towards a junction ( hode )
IS equal to the sum of the currents flowing away from it. This
15 Is called Kirchoff's current Law( K.C.L)
11+12+13—-14—-15=0 ( this is known KCL equation )




Voltage Law

At any closed circuit the potential drop (IR) at each resistance is equal to the total

voltage given to the circuit. In a closed circuit, the sum of the potential drop is equal
.to the sum of the potential rises

\—

W

T -
P
Vs
B e ] B
VS=IR1+IR2+IR3+IR4 r — —— [
AAAN AAAN ~

- +

——



Example: In the circult of figure using Kirchoff's

Jlaws, find the current in the various elements

:SOLUTION

According to Kirchoff's first law mark the
direction of current flow. According to AAAA
second law, Write down the KVL equation i R, =60
In the closed circuits

ABEFA forms a closed circuit (LOOP 1)
6I11+2(I1+12)=90

611+211+212=90 F
8I1+212=90 —— (1)




CBEDC forms another closed circuit( LOOP2)

812+2(I1+12)=110
8I12+211+212=110

211+1012=110 ——— (2)

.To solve, equation(2) is multiplied by 4

811+4012=440 ———(3)
subtracted eq (1)from eq (3)
811+212=90 ———(1)
811+4012=440

3812=-350-

812=350—12=350 38 =9.211A
I11+18.422=90

I11=90-18.42

Substitute the 12 value in equation (1) 8 I1+2(9.211)=90



For the circuit shown find the current through
.each resistance

— o onm h+l2=I13....(1) 8=5 l1+1013...(2)
—
] 10=1013+6l2....(3) then 8= 5l1+10(1+12)
—.. ’?to onm T 8=15I1+10l2...(4) and at eq.(3)
Zl i e6lz+10(l1+12)=10 s6lz+10l1+10l2=10
Then 1612+10I11=10.... (.. /2) , 5lI1 +8l2=5 ,(x3) 15l1+24l2=15

(z=)-1511+(-)1012=-8..

14l2=7 , 12=0.5A andineq..(4) 15l1+5=8 ,11=0.2A ,13=0.2+0.5=0.7A



Llaall fasde 6l YAty oo las bl

(lads 35(603)

by using Kirchoff's laws find the currents
. In each resistors for the circuit shown

b || % ¢ <l—‘ d
a —A\\\ | =AM ANN—
1002 300 200
| St Sov —

10Q

I | _ I 4




g/éurrents methocD\\)

X/’_/?

Gl Hll) s,

s )
Aim of lecture : To let the student be able to identify the
analyses net work by using Maxwell's method.

& &/




305l JusuSle oL

:Solution

‘At loop(1)

11-312=20-5 811-312=15......(1)(5+3) Sy AL B
At loop (2) m
12-311-213=5+5+5 -3|1+912-213=15.....(2)(3+4+2) }:*@ 3’,0,. "m\/ i @_
:At loop (3) LS T
13-212=-30-5 -212+1013=-35.....(3)(2+8) |1 :f:‘" l ? Th IJ
Then we find I1,12,13

11=54.64A, 12=145.3A, [3=24.64A

AW




(B) : For the circuit shown using Maxwell's G
loop to find ( I1,12,13)

-~

olution
301,-101,-101,=100 ...(1) —
NN\
201,-101,-101,=-50 ....(2) | ly
10 Ohm 10 Ohm 10 Ohm
r’ AN

30.3‘10'1"1 0'2 =0 ...(3) - S
., | 41—
:.1014-15-1,=0 . (eq.2-eq.1); = I l §10 onm 21 — 50V
401,-301,=150 =
-

:.41,-31,=15...(4) €4.(1)x3and the
result + with eq.(3);

N »




(Sl HLaly|

H.\W. find the current in each resistor by using
MAXWELL s current loop.

30Q 2002
L0V

2

1002
= v
@ T @ N ?@
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https://classroom.google.com/c/NzcxOTQ3M|ESMTc5/a/
NzgzOTIONTUyMDk5/detalls
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Thevenin theorem
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- ‘
.




‘Rational

It is very important to study
.Thevinins theorem
Also to study how apply the three

. step to the save theorem




‘Centeral idea

. Definition Thevinins theorem e

How we find the current at eache
resistance in the net work by the
.above theorem
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Thevenin’'s theorem

Statement: A linear network consisting of a number
of voltage sources and resistances can be replaced
by an equivalent network having a single voltage
source called Thevenin’s voltage (VTh ) and a single
resistance called Thevenin’s resistance ( RTh)




EXPLA NATION Consider a network or a circuit as shown figure (a)

Let E be the emf of the cell having its internal resistance r =0 .
RLload resistance The load resistance ( RL ) is removed flgure
(b).the current (1) in the circuit is

|I= E/( R1+R2) The voltage across AB = Thevenin’s voltage
(VTh ) VTh=VAB=IxR2=ExR2 R1+R2

VTh=VAB=IxR2=ExR2 R1+R2

A

—

pre— NSNS

{TI

R,
R, R,

ool



‘To find RTh

RTh - R3 +

R1+R2




Example: For the circuit in figure find the
.current in (R=6Q)by using Thevenin's theorem

:SOLUTION — AAAN 2 /\/\/\/\_Q
+ R, =4 R, =8
10-5=I( 4+8 )= I=)5/12(A saite T R

VTh=10-4x(5/ 12) =8.33V x

or . VTh=5+8x( 5 /12) To find the (V)

+ R, =4 R, =8Q

 S—— I +
= r s




Now to find Rth

Rth= (4x8)/ (4+8)
Rth = 2.66Q)

| (6)) =8.33/(2.66+6)
| =0.96 A

AWW A
R,=4Q | R,=80

Vo =8.33V ™

AYAAYA £
I
s
-

6<2



oo A5 bl
(just 2S)

12k

For the circuit in figure find the
current in (R=8Q)by using
Thevenin’s theorem

2mA 10kQ Ry =2kl

b



Home work : Using Thevenins: theorem To Find (1. ) .

5 Ohr 10 Qb 2 Qb
q\'.."j"l.' ﬁ Q\N\. unaﬂ\.'

5 Ohm A ETH B 20mm

—10Y

Solution —%*

1,=20/(5+15)=1A  Vausq =1X15=15v AMA—T

— 1V ‘i : £ Ohrm 15 Ohm

|2=1OI(2+10)=1A :.Vat80=1X8=8V
. Ey=15-8=7v

15 Ohm 8 Ohm

RTh=(5x15)/(5+15) +(8x2)/(8+2)=5.35Q 535 Ohm

2AL=1r=7/(5.35+10)=0.456 A

10 Ohm

ET
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https://classroom.google.com/c/NzcxOTQ3MJES5MTceS5/a/NzY1NzU4NzU1NDEX/details
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https://classroom.google.com/c/NzcxOTQ3MjE5MTc5/a/NzY1NzU4NzU1NDEx/details

https://youtu.be/StMuQgBtA2M



https://youtu.be/StMuQgBtA2M
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‘Rational

It Is very important to study -
.Norton's theorem
Also to study how apply the -

three step to the save
. theorem




‘Central iIdea

. Definition Norton's theorem o
How we find the current at eache
resistance in the net work by the

. above theorem




objectives

after ending of this lecture the
student will be able to:

- understanding principles of Norton
theorem

- analysing leaner circuit by using
Norton theorm




unal«_al)hd‘&,al‘-ﬂ}é‘_‘-d‘ ,)&An‘ "5_)-“-3(;-A Short leCUlt
" i_)a.a

Al Ve Lghaslia 5555 Al 4 s5aall 30000 a2 Open circuit
S Noba 5sS Lead Jlal) il A




‘Norton's Theorem

This theorem Is an alternative to the
.Thevenin's theorem

In fact it is the dual of Thevenin's theorem

Whereas Thevenin's theorem reduces a two-
terminal active network of linear resistances
and generators to an equivalent constant-
voltage source and series resistance. Norton's
theorem replaces the network by an
equivalent constant-current and a parallel
.resistance



EXAMPLE:

Apply Norton's theorem to calculate current flowing through
5Q) resistor of figure (a) below

:SOLUTION

Remove 5Q) resistor and put a short circuit across terminals A and B as shown in
figure (b)




s Jad | e

.Let us find ISC

1 combination of( 4Q2 and 8Q) ) in series with a 4Q) resistanc 1)

A}
RT=4+(4x8)/ 4+8 =(20/3) Q =M=\ |
d
Hence I=20/ RT = 20/ (20/3) =3A l L "
ISC=3x 4 / (4+8) =14 S 40 :

In figure BESIDE battery has been removed by

:short circuit and Norton's resistance is
5Q=10// [ 8 + (4//4)]



Hence; figure (e) gives Norton's equivalent circuit Now join 5Q
resistance back across terminals A and B.

 the current flowing through It 1S

Hence; figure (e) gives Norton's equivalent circuit

Now join 5€2 resistance back across terminals A and B. the current flowing through it is:

R 1 :
i (50X A) e
= =y - —— — =l — " -
: R, + R, 5( + 50) 0.5 A <'>I~ A 50 Re=50




Ex: find IL FOR THE CIRCUIT SHOWEN BY
.USING NORTON THEOREM

—

—_— iy - +—

l,=16/4 =4A 8-1,-1..=0 (K.c.L)
then; I, . =4A = |



2-TO find Ry :

4 ohm

RN=(4X4)/ 8= ZQ

& Ohn

AVAVAY

3- Drawing Norton's equivalent and
calculate L, ni -2 ohm

-
Iy Se e . =(4x2)/(2+2)=2A

<T>4 A § 2 Ohm

L 2




Apply Norton's theorem to calculate current flowing .hrough 80Q
resistor of fig. below

8200 N 6800
g AW A
4
e . 10V
2200

§00

(v o)




Google Classroom

H.W. by using
NORTON's theorem
find the current
through RL=1KQ

https://classroom.google.com/c/

NzcxOTQ3M|ES5MTc5/a/NzgzOTI4MzgxMTAO/
details

sMe


https://classroom.google.com/c/NzcxOTQ3MjE5MTc5/a/NzgzOTI4MzgxMTA0/details
https://classroom.google.com/c/NzcxOTQ3MjE5MTc5/a/NzgzOTI4MzgxMTA0/details
https://classroom.google.com/c/NzcxOTQ3MjE5MTc5/a/NzgzOTI4MzgxMTA0/details
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'RATIONALS

ITS IMPORTANT TO
STUDY SOURCE
TRANSFORMATION
THEOREM TO
ANALYSING ELECTRICAL

CIRCUITS
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Voltage




Source Transformation

Equivalent sources can be used to simplify the analysis of some circuits.-

A voltage source in series with a resistor is transformed into a current-
source in parallel with a resistor.

A current source in parallel Wlth a resistor is transformed into a voltage -

.source in serie . R
A" ®2a ® 3
Ve = IsR
R : ,.
fo = & | —" ® 5
2 R ob ob

Voltage : ) Current
Source Source



For the circuit shown in the Figure below, how can source
?transformation make analysis of this circuit easier

Which Is a single node-pair circuit
that we can use current division on

1kQ 1kQ

f

Vi S ik

J ik, s oL
ANIkS UKD Jk N S
L IKQ| [ ' SHS i & ‘ Ty/1kQ Ay & ey

out &

i) T | W) S ke



EXAMPLE:In the circuit shown below, use a source

transformation to determineVo

:SOLUTION

Replace the current source 3A in parallel with
4Q) resistor

to a 12V voltage source in series with 4Q
.resistor

VS =34Ax40=12V

RT =4Q0+20+80)=14Q)

IT = VS/ RT =12V/ 14Q) =0.857A
Vo =0.857x80)=6.856V ..

I; 4Q 20
—MA—AMN—
o33, 89§ Vo




(8asa 3) e lan ol

For the circuit shown in Figure determine
.the Vo using source transformation




HOMEWORK

oogle Classrooin CRERURINEN ']

Gl S (4 ALAAYL 30 [y s
S A a3 o olual] s g g i
295 Aaia (o oLl Laslyll (sle ol gall &)1 © daadle

https://classroom.google.com/c/
NzcxOTQ3M]ESMTc5/a/NzgzOTcwNjAXMDY5/details



https://classroom.google.com/c/NzcxOTQ3MjE5MTc5/a/NzgzOTcwNjAxMDY5/details
https://classroom.google.com/c/NzcxOTQ3MjE5MTc5/a/NzgzOTcwNjAxMDY5/details
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SUPERPOSITION

THEOREM \

THEOREM |

SUPERPOSITION



'RATIONAL

Definition Suppers position theorem e

To calculate the load current flows from each source and to find the result ¢
from the total currents



LSelead | CslaaY|
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Did you have any information about super position
?theorem

Ll Laay|
Raise your hand before answer




CAN vyou find the total current for the
.clrcuit below

R, R,
= VNV = o ==V~
20 V 1V




The superposition theorem states the
‘following

The current through , or voltage across , at any element in a linear
network is equal to the algebraic sum of the currents or voltages
.produced independently by each source

This is done by making voltage source as short circuit , and current
.source as open circuit



‘Example 1

Using superposition theorem ,to determine the current
through 4-ohm resistor

:Solution

:Considering the effect of 54V Source

RT= R1+ (R2// R3)=24 + (12//4) =27Q

I=E1/RT= (54/27 )=2A

(NOW by using current divider we can calculate the current through (4€
'=2%(12/4+12)=1.5 A

Wy
240
Ey==="54V 3255120 E,==—48V
40
AAA
Ry
M
0 | ----=-=x
- I
sS4V R0 ;
1 !
Ry




4 N

RT=4+(12//24)
12Q0=(24/12+24*12)+4=
1t=48/12=4A

to find the current through 4Q
resistor

It's the same of total current

1" =4 A

Now the current through 4 Q is the
“algebraicssum of I’ and |

'""=4-15=25A

N

mgun




For the cct. Shown using supper position
theorem to find (Ix )

Solution:- 1- Effect of 0.5A only

15 Ohm 3 Obem
[ W ’ VWA \ 1.5 Ohm 3 Ohm
AN AV AV
‘ 0.5 Ohm I1
iﬂi Chm I | §‘ e — onh,\m_ll
4 3 0hm I,= 0.5x(0.5)/ 0.5+(3+3)=0.038 A l
i — A ” Ohm
{1 1E — &S . Aol
—1oy iy
T \ | /7 2- Effect of 220mA only
5
:;'\': 2 ':hm 15;;1m _ 3 Ohm
{‘"-Jl z ‘_'\'ﬁ‘f.'\'_ l*os 0 I 1 l
ot _— 3 > o 1,=0.22x(3+0.5)/3.5+3=0.118A |
} <D220m.t\



3- Effect of 10v only

12 aam . > oo 1,=10/(0.5+3+3)=1.538A |

éosonm 1 12
3 Otvn 3

Then |, =l,+,+1;=1.694A |




‘Example 2

Using superposition, determine the current through the 6-Q resistor 77

W

121) ‘I;
|

E=—¥%V R, 60 :@u

¥




gadlliadl  HW )

G"ad‘ng Rubr"c Esg.ogz...:oo oo & 020 "Tecee 20 o oo

BY USING SUPERPOSITION THEORM ,FIND THE CURRENT THROUGH (2Q)
resistor

I~ ol §2u C‘)L\ ‘H!i

Jisle gy oSl e ! o
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https://app.nearpod.com/?pin=X2VUP https://classroom.google.com/c/
NzcxOTQ3M|ES5MTc5/m/
Nik5ODIxMzc2MTM1/detalls

o =
Google Classroom  (B) -kt sata


https://app.nearpod.com/?pin=X2VUP
https://classroom.google.com/c/NzcxOTQ3MjE5MTc5/m/Njk5ODIxMzc2MTM1/details
https://classroom.google.com/c/NzcxOTQ3MjE5MTc5/m/Njk5ODIxMzc2MTM1/details
https://classroom.google.com/c/NzcxOTQ3MjE5MTc5/m/Njk5ODIxMzc2MTM1/details

Before homework you can

see this channel on youtube
nttps://youtube.com/playlist?
list=PLpyY3RPgxKCKuMsdS-

X6LXQMxpRIaGwFa&si=SkuVH63t0bzbUb
fX



https://youtube.com/playlist?list=PLpyY3RPgxKCKuMsdS-X6LXQMxpRlaGwFa&si=SkuVH63t0bzbUbfX
https://youtube.com/playlist?list=PLpyY3RPgxKCKuMsdS-X6LXQMxpRlaGwFa&si=SkuVH63t0bzbUbfX
https://youtube.com/playlist?list=PLpyY3RPgxKCKuMsdS-X6LXQMxpRlaGwFa&si=SkuVH63t0bzbUbfX
https://youtube.com/playlist?list=PLpyY3RPgxKCKuMsdS-X6LXQMxpRlaGwFa&si=SkuVH63t0bzbUbfX
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'RATIONAL

It IS very important to study
Alternating current (A. C)
Also to analysis the sine
wave



‘CENTERAL IDEA

Definition the sine wave

To learn how the sine wave generated e
* To learn haw we find R.m.s current
and average value



Pretest

Define :1- frequency

2- Angular frequency




T: time penod ( 5) E max

Max: maximum l
value of current 3n2
or voltage I

e :
f: frequency ( Hz) nl | e

~ = leytle — ‘

v =2a/T=nf

N

¥ : angular frequency
(radhan / second )

%
%
%
4
%
4
4
4
%
4
%
4
%
%
/
%
%
%
%
%
%
%
4
%
4
%
4

' #/MMMMM#/WM’M’M’#/MM’M’#/M’M’WWWWWM’M’WMM’WM’WW%




[aV.si, 4]y 4r 4,




Example (1): In A.c. sinusoidal voltage with peak (24v ) applaud to a circuit then
the current (3A) if the voltage lead the peak current by (45 o ) and frequency (50
. HZ ) write the equation for V(1), | (t) and draw form and phase diagram







/ DY) s L8 A sl Aladll dadll Gl \

2 21 21 ,
| r.m.s.=1/2T1f | ‘40 = 17217/ (lm sinB) dé =

2N
I’m/2T1f sin®® d® But:sin®* =1/2(1-cos28) then:
2 5 2 P 211
| rm.s.=l m/4n [ (1-cos20)dd = I"m /41 [(6- 5in26)/2]

= Im /417 (217-0) -.lr.m.s.=lm/v2=0.707Im
Vr.m.s=0.707Vm ‘Ir.m.s.al.aa.‘ CSay 48y lall iy g

b A




/ Ex : For the wave form shown find the Peak factor (kp ) . Then \
find form factor (kf) .

A E(Vv)
2V

2 4 6
\
/ Solution :- Kp= Em/Eav. : Em = 2v =2 Eazv =171 0;-e(t) dro, e=m®
=(2/2)t + y=t+0=t  :.Eav. = 1/2I tdt-4_ (2 ) = (1/4)x4=1volt :. kp=2
0) 0

32
Erm.s= J1rr [T e2n.dt , : EZ2.m.s=1/4(oR 2 dt) =(1/4) x(1/3)

. E?2rm.s=8/12 :. Erm.s.= 2/J3, kf=Er.m.s./Ea.v.= 23

N /




H.W.FIND Kf , Kp for current wave below




Gandl HLany|
Find average value ,Kf ,Ka for half wave shown :




Effect of alternating current at circuit in seiries



Objectives

Aim of lecture To make the student
should be able to determine the impact
of AC circuits linking respectively, and
to learn to find the relationship between
the current and voltages in connecting
respectively, and finding phase angle
and total defiance of the electrical
.circuit




pretest

, Define : Phase shift , Phase diagram ,Phase angle(d)
Jinductance(L), Capacitance (c ), Inductive reactance (XL)

Capacitive reactance (xc),Impedance(Z)



R- L in series

Ve=I.LR , Vi=1. XL 5 — '] |
V=+/Vr2 +V.2 TNV . o /

=/ (1.R)Z + (1. XL) 2 4 = ’l vV
V= 1. /( R2 + XL2)

2. Z=V/1 = J/(R2 + X2)
(Q2) Impedance of the cct. |,

tane=VU/VRr=L.XL/.LR =XL /R ,
. tane= VU/VrR :. ©=tan - V/ Vr > XL

e R

—

tane =XL/R :. e=tan ' XL/R

+riangle of impedance

© =phase angle between V and |

© = 60+ 3545+ 3 30+ Sa(dax 3a) A2 90 e el 3 Ldall e S T 9V S i,{.,-xs a..;e
0= 4Anisdll Aug15 Ja A (LSl Al = 60- 9'45- 9 30- Jia(O4asd — 401 gdl) 4 g) 31 4aud)




/ Ex{(1) :- For the cct. Shown find the value and direction the current \k

éJRZ +XL2 Xl=w.L=314x0.1=31.4Q \
Z=,/(3.5)2 + (31.4)2 = 31.6Q

I=v/Z = 220/31.6 =6.96 A R L
©=tan ' Xu/R=tan -131.4/3.5 =tan ' 8.97 29 o £
:.© =83.63 ° :.i=6.96<-83.63
i =6.96sin (31 4t-83.63)AmeT

> > o L
K ©=-83.63°
7o
\ ! / v=zzbsr+cln(314t) {
—

Ve=1.R ,Vc=1.XC

11

v=+/Vr 2 + Vc 2 =/[(L.LR)? + (I. Xc) 2
V=l 4/ (R2+Xc2

r. Z= V/1 = J(R2+Xc?, Xc=1/w.c
tane= Vc/VR= 1. Xc/l.R=Xc/R

. = tan! Vc/Vr Or

\tane=Xc/R . ® = tan!® Xc/R




Ex(2) : For the cct. Shown if(|=1A) find (f), then what are the value of (R) that
connected with (C) to reduce 2 the current to (0.5A) with the same frequency .

7~ %
— — = 8 uF
Solotion Xc= Ve /ic =250/1=250 Q v
Xe=1/w.c=1/2nfc :. f=1/(2n.c.Xc) | '}
f=1/ (2x3.14x8x10 *©x250 ) =79.5 HZ | 250v
+2)

Z =,/(R2+Xc? = \/(R2+2502, Z=250 /0.5 = 500 Q

:.500%=R? +250? :.R*=5002-250%:.R=433Q




v=|.JR2 + ( XL — Xc)?

.. Z=V/I =JR2 +( XL —Xc)?
e=tan’ (VL-Vc)/ VR
©=tan' (XL-Xc)/R

Also: Xi> Xc :

Vi-Vce

Vr=l.R, Vi=1.XL , Vc=I.Xc , v=+/Vr? + (ViI- V()2

1-1FX0> Xe n V> Ve

N

R L c
A~ —{ -

V=Vm sin(wt)

{The impedance of the @
cct.}
A
Vi |
'
VL-VC J =VL'VC
&
1/the cc.t is inductive : > T
VcY
‘ A
2/0 is positive X1
Z
=Xi-Xc
l Q >
- . R
3/ V7 lead axaulr by © !




When Xi< Xc 1/ The cct. Is capacitive

2/e is negative

3/ iT leads »53:VT1 by ©

When Xi= Xc 1/ We have resonance case 1 v
L
2/ © =0
3/Z =R | T Vr=Vn>
a/ Vi=Ve

5/ V1r=Vr lvc




| Post test |

{ Ex(a) : For the cct. Shown Find (Z1, I, © , V21,22 , Vz3 )then draw the phaser diagramJ

- ’\ Z1=316 Q,

10 Ohm 5 Ohm 15 mH 15 Ohm 25|TF I=6.329A A
— ' 8 © =18.43¢
Z1 Z2 Z3
Vz:= 63.29v
200 VW50 HZ0 Deg \Vz:= 99.998v
@ \Vz:=184.49v

{ EX(b): For the cct. Shown Find: I, ® ,VR,VC , VL and draw the phaser diagram. J

10 Ohrm 0.1 15:3|UF > solution I= 14 A
R ST | |
© =45.550°
VR= 140v

() Ve =297v
V1= 439.81v




Saladl § gy

Effect of alternating current at
parallel circuits



:Alm of lecture

Aim of lecture : To make the student should be able to
decipher complex electrical networks linking parallel
and current knowledge of the relationship Balvoltaip In
this case, and how to find a phase angle and the
reluctance of the circle and permittivity



pretest

Drawing the phase
diagram for the cct contain
(L,C)in series .If XL > xc

VT

Vi

Ir

> VR

Ve



R-L in parallel I 4 S N \

It

lR:V/R . 'L:V/XL - |T= \/'Rz + 12 B | ln l
I
{ +
It =/ (V/R)2 + (V/XL)2 =o/V2/ R + V2 /X2 &7, ] L }
lr=v J1/RZ + 1/X2 = I/v=y=/1/R? + 1/X12 (Moh) ,
1/Q ,(Siemens) ,(admittance of the cct.) , YN=11Z,
Z=1/Y : Ir > >
©=tan(-IL/IR) o v
EX{1): for the cct. Shown find YT, ZT, IR LIL , IT ,e I+
Drawing the phaser diagram. I
. >
Ir=v/R=100/5 =20A, |L=V/X1=100/(1000*0.01))=10A A oo la 4 I
_ S Ohm m
lr=+/1r2 +1:2 =/202 + 102 =22A o

> >
Z1=V/lt=100/22=4.5450 \ﬁ{i v
! T

Y1=1/Z7=0.22 moh li=10A



" R-C in Parallel

I /R, | [/ X )
r=V/R , lc= V/ Kc
IR l lc
= \/|Rz + |2 +\ v | ,

= (V/RY +{(V/XP -~ R T I Ic
I=V+/(1/R?) + (1/Xc2 ) \© Jr
l/v=Y=/(1/R2 ) + (1/X2) Ir v
©=tan’! (lc/IrR )
EX(2) : for the cct. Shown find Y71, Z71, Ir Ic, IT 0 v=100sin1 0000t£5 —_— —T
Drawing the phaser diagram. SRR De?}
Solution :Xec=1/w.C = 1/ (10000x100x10° )= 1Q
Y=4/1/R? + 1/Xc?2 =4/1/52 +1/12 =1.01moh,

lc=100A
Z=1/Y=0.98 Q, or Z=V/I= 100/101=0.98 Q, IR=V/R= 100/5=20A

78°

lc=V/Xc=100/1=100A, IT=+/IRZ + Ic2 = /202 + 1002 = 101A
e =tan-! Ic/IR =tan-'5 =78° lr=20A




The general Parallel case

.

FXL>Xe e =l ch= g2+ (lc—10)2 [' l )
Z-1/./(1/R)2 +(1/%Xc — 1/XL)2 OR z=V/IT (I v ]gv R "L'L ==
e =tan’ (le-lL)/Ir Kr {1

ﬂc > XL . IL> e L AT= JIR2 + (lc—IL)?
Zr=1 /+/(1/R)2 +( 1/XL -1/Xc )2 OR Z=V/IT

e =tan' (lc-IL) /IR

3

If Xc=Xt (Resonance Parallel case ) :. le=lt :. lr=Ir

Zr=1/J(1/R)?:. Zr=R , Vm=IhZr, ©=0

fr=1/2.1./L.CHZ VR
fr: (Resonance Parallel frequancy) |Ll




Example(3):
For the parallel cct. Shown in figer find : 1/ The total current 2/ phase angle
3/ Impedance of the cct. 4/ phase diagram .

[ solution

/’(u}

—— 25 UF

12080 0 C'ﬂ %ﬂ:@ Ohm 505 H selan

R=V/R=120/100=1.2A , Xc=1/21tf.c =1/2 1t x60x25x105 \

2. Xe=100Q , le=V/Xc=120/100=1.2A , XL =2 nf.L =2 =
nx60x0.5 lc

. X1=188.40 , li=wXL=120/188.4=0.63A

le-11=1.2-0.63=0.57A :. lr=/Ir2 +(lc—I1)2
nhr= /(1.2 )2 +(0.57)2 .. lr=1.3A,
e =tan lc-IL/ Ir=tan1 0.57/1.2=22 40 Vs

%=VI|T=1 20/1.3 =920 / I




Ex: For the cct. Shown in figer find 1) the source current Ir.
2) Active and reactive power and apparent power

e

A

= X1=2nx60x0.5=1880
Solution :>
Xe=1/2 rix60x20x10° =132.60

D v=250<0

L=4/(1002 +1882) = 213 Q , e=tan’' 188/100=62°
Z1=213<62°Q , Zc=132.6<-90°

f=60HZ

— 20 uF

AL

li=V/ZL =250/213<62 =1.17 <-62 A s
le=Vv/Zc= 250/132.6<-90° =1.88<90A , lr= L+ lc
.. Ir= 1.88<90 + 1.17<-62
. lcos ©=1.17xXcos -62 + 1.88xcos 90 =0.423A
Isin e =1.17xsin -62 + 1.88xsin 90 =0.79A
.. lr= {/(0.423)2 + (0.79)2 =0.896A
\.itan" 0.79/ 0.423 =61.8° . | =0.896<61.8A
= )
P=1.Vcos e =250x0.896xc0s61.8=105.73 watt (Active power )
Q=1L.Vsine =250x0.896 xsin61.8 =197.4 var (Reactive power )
S=V.1 =250x0.896=224 V.A (Apparent power)
s 5y

OSH

100 Ohm
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