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Electrical Circuit
5 polooll Calaal
3olo JSI wlill Olasgg sbSIl B postiwnd! Slasgll olai Lo cJlall Gjazy ok
ol oIl plasuinly madll o ol sl y oliuds (Legliclang Ll 3=1)
8 51l lgSo — dogliadly HLadlg ducid gl dwlus! il ol Gy 23 yo Ul (ySoiy o)) Y
o goll 8Lodl duc ol Aogliadl — Aogliadl doud e 8,550l olgadl — pgl oygilE — &Sl yo I
Aldlg

It consists of source, load, control system and transmission
line system.
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Source Control Load

Transmission lines




Electrical unit system

Symbol Unit Unit of symbol
Electrical current | Amper A
Electromotive force EMF E Volt V
Potential difference V Volt V
Resistance R Ohm
Conductance G Simens S
Power P Watt W
Work W Joule J
Capacitance C Farad F
Inductance L Henry H
Temperature 9 C

International system of units

Symbol Unit Unit of symbol
Length L Meter M
Mass M Kilogram Kg
Time T Second
Electrical current I Amper A
Temperature T Kelvin
Luminous intensity Em Candela Cd




bl Cilas g clicLian g ¢l

Multiplication factor prefix Symbol
103 mili M
10° kilo K
10 Micro
01° Mega M
10-° Nano N
10° Giga G
1012 Pico P
1012 Tera T
10-15 peta P
1015 femto F

1. Potential difference(s_% 2%=1') : The energy resulting from transfer of
unit of charge between two points of circuit.

ontihai s Aia ) 5am 5 Ji e AUl A3 o8 0 2gall (55

s Jaall 85k e dgall (558 8 Jaall ) jacadll d8Ua JS cadac | 131 fAdaa Dl
vd = Emf_oaadl &3 3

2- Ohm's Law(u 58 » 5)): The voltage difference across terminal of the
conductor is directly proportional to the current passes through it at
a certain temperature.

Val V=Rl

R=V/I I =V/R




V(v) 1(A) R(Q)

10 5 2
20 0.1
8 2 4

Aa o (Al Jlall Ll ae Lo e anlili Jaa sall ol pdal oo gl 3L a5) ()58
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3- Electrical current : rate of flow of charge at certain point and in
limited time period. Current flows from point of high voltage to point of
lower voltage. Current is measured in Amperes (A) and symbolized as (I).

Oo DL (5 s Adpne At ) B %8 IS Ada 85 jlall Al Sl a1 (L jeSY L)
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4- Electromotive force : (E.M.F):

The cause of making current flows, it is not force but energy required to
pass unit of charge through the source, it is always active.
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P=V*l (W) P
=I>*R(W)P
=V*/ R (W)
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The value of resistance is directly proportional to length of the
conductor and inversely proportional to its cross sectional area.

L
R=p —
A

Exp.

A copper conductor is 100 m long and across sectional area of 2.5mm?,
determine its resistance if it is know that the resistivity of copper

0.01725 pQ.m

R=p*L/AR=
=0.01725 *10° *100 /2.5 * 10> *10° = 0.69 Q

Lr
Ex: In the circuit shown, calculate the current, the conductance, and the power.

| & + "=

30V _":) 5 k2 g :

-

Solution:
7=X=3% - 6+103 = 6 mA
R G+103
1 1 )
=—= = 0.2*10°= 0.2 mS
R 5 x103

p=VI=30( x 10-3) = 180 mW
OR p=I?R= (6x 10-3)25 x 103 = 180 mW
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1. Series &

| R1 R2

Rt=R1+R2+R3 +R4
It=11=12=13=14 L
Vt=V1+V2+ | R3 R4
V3+V4P=V
*|=1**R=

VZ/R

2. Parallel )5
R1

Ilt=11+12+13+14

It =V1/R + V2/R + V3/R + V4/R It
Vt=V1=V2=V3=V4
1/Req=1/R1+1/R2+1/R3 +1/R4 ey
Geq=G1+G2+G3+G4 |




Exp.

Find : It=? Vo Q=2 — A
Pt = ? P3 Q = ?
Solution: T 1o

| =V/R = 10/3+2 = 2A
V,Q=Tt*R=2%2=4v

Pt=V *[=10*2 = 20w
P;Q=1>*R=2%*3=4%3=12




2A
1Q R

Exp.
Pt =40 w, Find the value of R ?

Solution:

Pt = It * Rt —> 40 = 2* *Rt —>
Rt=10 Q

Rt=R1Q+R3Q+R—— 10=R +
4Q —>R=10-4=6Q




Exp.

R1
P1=20w, Find It ?? and Find R1 ?? W
. 3Q
Solution: ey
P=V%/R—> 20 = 10%/R1 "
Rl = SQ VVVY
11=V/R1=10/5=2A It 10V
I
I2=V/R2=10/2=5A
I3=V/R3=10/3=3.3A
IT=11+12+13=24+5+3.3=10.3 A
2A
Exp.
P =100 W N
. T R1
Vi=">
100 R2 R3
11=?,12=?,13="7

R2=7?,R3=?
R3 = R20) Ll
Solution:

P=V/R ——> 100=V?/R1 ——> 100=V?/100——> V =100 volt
11 =V/R1——> 100/100=1 A
lt=11+12+13 —>12+13=1t-11
12+13=2-1=1A
vl 0.5lde 33l 5 IS 53 R3 = R20) W

R2 =R3=100/0.5=200 Q




It
) —
1= It=3 -1A l
3I+6 11
1Z2=1lt-11=3-1=2A Vi
‘ 60
3!
2=0t — =22 -2
6+3 ]
Exp.
It 2 20
FindI1,I27? — —_—
llz
Solution: .
T 100
248 20
1=l 24+8+10 20 =1A
12 =1t ———=1A

10+2+8




Exp.

It 2 20
FindI1,I27? —_ -
l 12 :
Solution: v - 80
T 100
2+8 20
11 = lt 2+8+10 = 20 = 1 A
2=It—2 _-1A
104248
2=2-1=1A 3l
Exp.
1=IT* ALl da Jiall 13 14
B £ pases Dl glaall 30 60

4 6+3
=15A
4+10 6+3

I1 =5* =2Q

I2=1t—-I1=5-15=35A 2+2=40




Exp.

Ic

Rec

Ib Rb Id Rd
10 w
|
|
Solution:
R.. —_RaRp _ 2060 _ .
127 Ra+Rp 20+ 60
R _ ReRg _ 70O+30 - 21O
237 R.+Ry 70+30
R,s = 15421 =36 Q
113 = V/R13 = 10/36 = 0.28 A
[=I*—22=028—2_=0.07A
Rq+Rp 20+60
I, = I* —2 =028 —2_=0.21A
Rg+Rp 20460
A5 4y phay 4
Ib=I3-,=0.28-0.07=0.21 A
[ =l.*—4 -028—2_=0.084 A
R.+Ry 30470
Iy=1I;5— I =0.28 -0.084 = 0.196 A
Al Ayl

R 70
Id = 11_3,:IE £ =U.23
Rg+Rp 70+30

=0.196 A




WYE-DELTA TRANSFORMATIONS.-

Situations often arise in circuit analysis when the resistors are neither in
parallel nor in series. For example, consider the bridge circuit in Fig.
2.46. How do we combine resistors R1 through R6 when the resistors
are neither in series nor in parallel? Many circuits of the type shown in
Fig. 2.46 can be simplified by using three-terminal equivalent networks.
These are the wye (Y) or tee (T) network shown in Fig. 2.47 and the
delta (A) or pi (II) network shown in Fig. 2.48. These networks occur by
themselves or as part of a larger network. They are used in three-phase
networks, electrical filters, and matching networks. Our main interest
here is in how to identify them when they occur as part of a network and
how to apply wye-delta transformation in the analysis of that network.

Sadl g U ) S G (o gadill

1 — 3
Iz o Ry R,
Ry R, 1 —AAAA AAAA— 3
Ry é Rs
2 ] 4 2 4
(a) (b)
Delta to Wye Conversion
R, R,
vy a AN
1 VVV 3 Rl RZ
V"
Rb ."‘, .\:\:.“ Ra L4
. Ry % S R,
2
2 4




Delta to Wye Conversion

(Y and 1A Gilfia (e ) e 1 IS G Jygad

R == Rh R.r:
' Ra + Rb I E Rr
RE
. Rc Rﬂ a - AAN = b
7 Ra+ Ry + R, s gt
Rb%‘lz 1"‘5 R

R3 — Ra Rp % Ry

Ra + Rb + R‘_-r

Wye to Delta Conversion (A Slia MY e Ga) Gl ) e Ga Ja g

R_&&+&&+&m . &N -
“o Ry Ry R,
. ok
SR
szzz '_{" R
RiR, + RyR; + R3R,
Rb =

\ gks/" ’
\

_ RiRy + RyRy + R3R,
= o

R




EX:- Convert the "network in Fig. to an equivalent Y network.

5Q 5
a Rc b .‘, RI
o AV o \
25Q

Rb 10Q 15Q Ra ‘\\“ R3 §3 {2',":'
(o]
- dall
~ RR 2510 _250_§Q
"TRAR AR T B410+15 50
R.R, 25 x 15
R, =75Q

"R +R+R 50
RRy  15x10

= = =30
R+R+R 50 °

R;




EX: - Obtain the equivalent resistance Rab for the circuit in Fig. and use it

to find current (1) .?

a o
125Q 1750
S 300 £ o0
35Q
15Q
b o

§30Q

RiR>» + R>R; + R3: Ry

10 x204+20x 5+5x 10

R —s —
a Ry 10
350
= — =35
10
R RiR, + R>R; + R3R, 350 1750
Fa— = = N
R> 20
RiR> + R>R3 + R3 R, 350
R: = = =70 Q
R; S
... . o
70+ 30  ~ 1250 175
.5 S = 700
1255 N A75 e 12X VIS o oorre - = =
125+ 17.5 S
15 < 35
S = ——— — .5 b o
151 3 15+ 35 10.5 2
a o
7202 Q
§ 210
105 Q
b o
R i TR Oy W2 e 2P0 2L, oD

Vs

120

17.792 4+ 21

& ==
Ra»

T 9.632




)1/ Find (R ;) and current (I):-

i [l

—0—\\

130

4Q
200

30Q

Fa
W

b

Answer: 40 (1. 6 A.

Home works, (A& ) e o) W ) i e gl

10Q

500

Q2/ Wye to Delta Conversion:-

R R
00— WW—0 b
100 200
RS 400

¢

Answer: R, = 1400, R, = 100, R. = 350
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Kirchoff's Laws
oS il
Current Law o5& )il |1
li=L+13

|1—|2—|3=0

Alalall il lall g ) &JM b OsSs ¢ AL eS8 pla & adags @l JN sl
Dbl Al g (4) dala LS daa a8 )La) aladinly jiea = ddaaill )

(). e g
Voltage Law Al gl ;58 2
V2
AAAY
R2
R1 § V2 R3 § V2
— T
- VT+V1+V2+V3=0

VTI=V1+V2+V3
dxdlal) 3 all (5 pall & ganall Adlaa s il o) A SAl o sl
& sanall = 5_ilall Jga 5 i all iy eI
At N 558030 Jsm dgal) 55 (5




Exp.
+8-10v+31+21+61=0

-2=-11*1

1=2/11=0.18A

3Q

— 10V
— -\>\ m§

— 8V




Exp.

By using Kirchoff's law find the current through ( 10 Q) resistor (1,0€2)?

Solution:
8+51;+10(I1,+L,)=0
5I,+10[;+10, =8

151, +101,=8 (0)
-10+61,+10(I1+1;)=0
6Lb+10;+101,=10

(2) oo 10=1; 10 + I, 16 A amsdsi
5L+8L,=5 (2)
151,+101,=8

51,+8I,=5 *3

151,+101,=8
+5=1,+24 I, +15¢ skl

-141,=-7——> 1,=05A

(1) A0.2=1;b =il oy

Il+12= 0.7A=11()Q

() 8D G DLl 5 A ) A 5laall)




2.8 Mesh (Maxwell) Analysis : —: o gusSla Julas

Consider the following circuit :

2 2 182

The direction in each loop must be assigned in clockwise direction. So, the equation of
this circuit can be written as :

QR+, -4, =2 .. (1)

—4l, + (4 +1)I, = -6 ...(2) ﬁzﬁ?\,ﬁl Mlﬁj\,—
N —— I 48 B — 16\
16 -4
8= 5
12 -4 16 2
A= 6 5| and A)= L% -6|

ZLh=-1A and I, =-24A
1(4Q) = I, = I, = =1 = (-2) = 1 Ain the direction of (I,)




Homework:

1) Calculate the current (1) in the following circuits using mesh analysis.

10 2

1Q
4&.’.% %5&2

8V
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Thevenins theorem

Ok &y i

sie dalal) Lgilinhad 8 A il o3 538 (a5 ik i i) allad) and e 3 kil o3a Cusen
LeleSL 5 palall Ja ) 6 salll 050 Lo yue Aglsall o) 5500 3 Lo daglia 8 La alay) A slas
An active network having two terminals A and B can be replaced by a
constant — voltage source having an e.m.f E and an internal resistances .
The value of E is equal to the open circuit p.d. between A and B and ris the
resistance of the network measured between A and B with the load
disconnected and the source of e.m.f replaced by their internal resistances.
A ame g il 136 i any( _plall Ay (S (Sad 00 e g 3 Jlall Ll slagy

C gl 13 8 s gl 53l A s Jiey Al i) ume Raglie e sl Sle e
Sl g A il alias s dey Aa gitall Cal LY udi 8 ki i) e gliall b e gliall
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AS il
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Norton's theorem
G Ag ks
3l gad (5 a1 S W d cllia Gl 5 (385 4y a0l 4, gliie 4y 5100 o
Sl L han dde Aaleial) s G yla 3l S Ga il A<
A slie pa 4l 8 jaiae (e Yy daslie a5 ) sl
To find the current in a branch it is possible to represent the
circuit after replacing this branch by an ideal current source in

parallel with a resistance. The current source represents the
current passing in a short circuit across the open terminals.

ALY L (5 55 8 Sl o A (S

Ly e 0 50 e s o glie e (i &y platl A6IS) 5 590400 5 5ins -0
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e SOV
aly § 0
Ologling ka0 Rs —> s Rs
S ——
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CAosis A Sl i M Ge Rss Rthodie saall (g slui -2

ORI e s ke Al oy (5 T b el A0 ed -3
Okl jae jpeadll Jalad (5 5340 a3 & el jLS 4l i AB
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U s (S Led 3 iIall iaile UKL (35 39 380 W il cnilS 1) -4
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Vth = Vocgoe 30ke (A (s il

Voc =Vth =Is * Rs = Is * Rth
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Exp.

By using Thevenin's theorem find current in 10 Q resistor ?

50 10Q 20
T 20v 150 80 i]:T)V
50 A B 20
——20v 1950 8Q —10v
C
Solution:
Vth = Vab 22
E 20
Vac = *15 =y \/ac = *15
15+5 15+5

Vac=15v




E+8 10+8
Vbc = = =8v
8+2 10

Vth=Vab=15-8=7v

. Open il jlass Short 4ilsill jalas aea Rth 2230 Ll

w - v Co
‘ vin 100
b
Ri=RsQ//Ris Q= ;:1”‘5 =3.750
R,=R,Q//Re Q= fﬂ =160

Rth=Rab=R; +R;=3.75+1.6=5.35Q

sl T aas - GG

Vth 7
I= Rth+100  5.35+10 = 1=0.46 A




Exp.

Find the voltage difference across resistor (2Q) by using

Norton's theorem?

R1 R2
40 8Q
R3
= 10v B2
20v
R4
20
Solution:
et AA NNN—
40 a0 E2
— 1 e — 1 20v
—— 10v _

1- (Isc) open the branch , and put short circuit il LSS
Ey=l ¥Ry =41, map [;=—>—=25A
E2=L,*R, =81, map [,=——=25A p l A

2= 1z 2= 2 2= = £ 40 b 80
Isc=1+L=25+25=5A -
2- Find Ry I
R1=R2 4=8
N Rrrre  ave - 2070 R3 <
Isc* RN
LOQ=—r 1 |
RN:—R3+R4 P RN =
Q= —="-105A -
2 2.67+2+8 ' ER; t

V=LQ*R4=1.06%2=2.1v
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Super position theorem
Gaalail) 4y ylay

In any linear resistive network containing several sources,
the voltage across or the current through any resistor or
source may be calculated by adding algebraically all the
individual voltage or currents caused by each independent
source active alone, with all other independent voltage
sources replaced by short circuits and all other independent
current sources replaced by open circuits.

& 8 el Ll g5 plall ) gl 8 jalias sac (5 gad dpdad B yila (ol 8 1 AadlAl)
G e Haae IS sy Al @l bl ) bl sll (g o) aeadly Al (S 4 5lia
803 5 AY) Ll jalias (S5 ymal 5l 5 AN A @l jolias IS Jlasiul ae

As gide




Exp.

By using superposition theorem calculate the current in each

branch of the network shown:

M M
R1 R2
1.2K0 1.8KQ
L e
T 10w —  20v
Solution: ﬁ%ﬁu . N
1- By considering E1 only : Lka 1.8KQ
L E1
I = E1 — 2.7k0
R1+R2//R3
10
11' =—moT = 4.386 mA
1'2+1.B+2.?
L'=1'—2=4.386*—=_=2632 Ma
R2+R3 1.8+2.7
I'=1'-1,'=4.386-2.632=1.754 mA
2- By considering E2 only:
. E2 MW AW\
R2+R1//R3 1.2K0 - 1.8K0
2.7kQ E2_——
20
L" =——F555=7.602
L8+ 27 P




Exp.

Find the current in 15Q resistor by superposition

1-

"'5' 50> 1500

By considering 10 v only
Rt =10 +—>=13.75Q
5+15 |
It=—=—— =0.727A OPEN
R 13.75
lL=It* ——=0.1818 A
1 1 _ " % R3 _
172 Ri+R3”
131I - 12” -

100

10w
100
500 150
602 * —— =5.263 mA
1.24+2.7

[,"=7.602-5.263 =233 mA

o 8 (gl g pendll ga A jualic (o jeale JS B Ll KV il

Lopaliall sia e piladll

=I;'+1;" =4.386 + 5.263 = 9.659 mA

L=0'+1,"=2.632+7.602 =10.23 mA

3=1'(-) 13" =2.339-1.754 = 0.585 mA

e iSlada 2y

10w




5ﬂ§ 15ﬂ§

1002

510 A

R5H1{]= 110 =333Q C)
; , 3.33 1+ 3.33
L' (R15) =It"* 3.33+415 1833

=0.1818 A

®

5ﬂ§

15ﬂ§

It (R15) =1, +1t'=0.1818 + 0.1818 = 0.3636 A




Source transformation

baall Jogad

For the two following figures we will try to make them
equivalents :

ALY
RS [
v RL =
5
| =— Vs
Rs+ Ry, T
Vs
VL =l|_* RL=———— * RL
Rs+ Ry,
stk sk ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok K
Rsi
I =15 :
Rsi+ Ry,
Vi=I*R. = s x ket * RL I a0 REiT& RL:—ft
Rsi+ R S AT/ - '
Rsi
L =ls—/———
Rsi+ Ry,
Is = Rsi P <
V= lL*RL — . * RL s (4 Fi‘.sl;:_h RL.,._____’
Rsi+ RL

If the two sources give same current I, in the same load R,

Vs= RL Is+ Rsi = RL . .
= - if Rsi = Rs
Rs+ RL Rsi+ RL
Vs=Is* Rs

Jaadl e jagad (e ee Al juan (8B 5 508 ol o)

EZ
4R ¢

PLmax =




T osataall B jgamall 2 ooall o oS5 Sl ool Alla 2

IZRs2 _ I12Rs

PLmax = E
Lmax 4 Rs 4

Exp.

In the circuit shown below find the maximum power transfer in
RL:

IfO<RL, Vg, Rg

Solution: |
s RL —
Vg * W
Prmax = ——2—— * R 9
Lrrax (Rg+ RL) L
vg?2
PLmax = * R
Lrmax (0+ RL) L
ng " VHZ
PLmax = RLZ RL - RL

Exp: In the circuit shown below, find ?

1- The value of RL at maximum power transfer

2- Maximum power transfer

3- Maximum current and voltage at maximum power transfer.
4- The power supplied by the source

Solution :

Rs = RL = 0.5 Qwhen maximum power transfer

E R
PL= ( ) * R|_ ’
Ri+R; RL -

40

P.=— % R, = = = 800 W




Maximum Power Transfer
Ej.ﬁ ?.Lac | dsa

DS U dadl jean Levie Rs_aall ALalall daglall il Jaadl
52 0sS Rsfestiall e 3 lly Ja sagll Cam

RS
RL

JM\MBJMM\Q&)MM}MMU@L)&HMML;%
Aaslie pa gl Jo S dild jaan s lall Jiiad b jead e

P.=1"*R,
— & 2 % -2 *
PL=(——%7) *RL=E"/(Rs +RL) * RL
T la glaall s 1l 3 308 Llac ) (83 At
..o Adalaad) anis
Py £2 (Rs+R;)2*1— Ry 2 (Rs+ Rp)
Ry (Rs+Rp)*

\

R, e dziiadl oW e jla

(( ABal g e f Alaall A8 * Jacall — Jacll Z3ide * Alaall ))




0=E’[(Rs + R,)? — 2R, (Rs + R.)]
E’((Rs+R,)* —E*2R, (Rs+R,) =0
E*(Rs+R;)*> =E* 2*R_(Rs+R)

E* (Rs + Ry) ke puid

Rs+R.=2R,
RS=2RL-RL
Rs=R,

Rs = RL & i anl 13a 4

58 alael J vie Jaall G glia e Glalall G ad) (g 5l Laal
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Figure 1.25: Wave A leads wave B by 45°
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and Kp= ka=V max./V rm.s.
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2 Y. paie S A A (1=, sin W)L O s By o steall
Rl 015 0 e JS G e gl 3 6

phagiall b o sgall 38— 1
Vr=RI=RI, sin wt= Vg, sin wt

R, w2y dagiall b o sgal) 38 alial) dacdl) = Vg, ) &8
P Aaiall 2ok e dogll 58 -2

Phase shift = 90 degrees

B wHA 4
Ais ahead of B o“"-‘;?:w\ . ’ 90 degrees
a
(A "leads” B) 9075 s NI o
Phase shift = 90 degrees A e 383 B - B
B is ahead of A 90° sk dasl 3 J -90 degrees
(B "leads" A) X
Phase shift = 180 degrees A yu slall duyl ) 180 degrees
A and B waveforms are 180° A B Rise—reees
mirror-images of each other
Phase shift = 0 degrees Lyyaadial  —as

A'B ' AandB wav'eforms C L HORE A |
in perfect step with each other S sl o

Examples of phase shifis.




O e Q= [Idt =[1, sin wt .dt
r . Jlosinwtdt  —I,coswt _ I, 7 .
G Vo= - = —— =~ sin (wt -90%)=V g sin(wt-90,)

IO . - - ? a 1 - - - ] - -4 r - £
3 =% g gy 5 Amdial b Ao aadl Al il Al A Vo (len
31 g g B3 M and Ay X = —
B wcC
Vi &l 8kt agall 383
r d! u . - - -
Vi =L g s ilall )b o agall 3 2

. d . .
R Vo.=L & (I osin wt ) =wL I, cos wt = wL I;;sin [wt+9[)0)

Vi =V, sin (wt +90%)
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Vv = Vm sinwt

(OsS Aaaxill g g0

v=Vsinwt......(1)

cod dlanall 50 e gaxiall Lll ddaall Al
i=v/R=V,/Rsinwt......(2)

sint =113 ¢ t =90 ° wic Lpalael jlall dag <5 ¢(¥) Aslaall (1
¢S U Apdaalll dadll (8 o5 (ha g

i=1mnsinwt......(3)
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Vv = Vm sinwt
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kel sgall Sty (5 sl 53l 8 Rintoaall Al eI dadlall 5 581 524

v=-e...(2)

ole deani (V) (f e daf s
v=(—Lxdi/dt2

o

Vmsinwt=Lxdi/d’E

o

di=V,/Lsinwdt.....(3)
cé&: Jan ¢ puilall SIS G

. an .
fdl = IT sinomtdt or

o V"]
i =— (—coswt) or
wlL

V

V
i gt MY S Sk
i=— sin(wt /2) X, sin(wt /2) anaaa(d)

L

X 1= Wl Al dlelid)

sin (wt —11/2) = 1S 13 el Ll dad ¢ sSin

ol

...... (5o /.=

)£) A lema o5 (9) L | il (3o

(o doani g

i=1msin(wt—m/2)
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(Y)...... =

(058 B yae LN (B85 ()8 <ol (4 s
i=dq/dt

(sle Jiasi odlef daladl 8 g dad Jladin) 2ie
i=d(Cv)/dt....(3)

cole Juani (7)) v dad Jagiad oY)

d
i= o CV,Sinwt=CV, TS sinwt or
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/
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Oill dad il (2l (e
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Ex(1). Find the equation of the current (find the sinusoidal expression for

the current) for the cct. shown. Draw.

Solution: v=30sin(377t+20°)
i= Im sin(377t +20° )
Im=Vm/R =30/5 =6A

.. | =6sin (377t +20° )
Vv

©=20°

5 Ohm
AVAVAY

N\

Ex (3): For the cct. Shown find (f) then what are the value of (R) that connected
with (C) to reduce the current to (0.5A) with the same frequ

Xc=250/1=250Q
Solution AL /

F=1/ (2x3.14x250x8x10°) =79.5 HZ

Z=/R2+ X2 =R 2+ 2507 |

:.500%=R? +250% :.R? =500°-250

Xe=1/w.c=1/2nfc:. F=1/2n.Xc.c

Z=250/0.5=500Q

C
8 uF
|
|
i 250v
I
&)
.R=433Q
C
R 8 uF
0.5A
250v




Post test

Ex( 4 ) : for the cct. shown find the sinusoidal expression for the current, draw the
wave form, the phaser diagram

V=70sin(800t-20) .

1 kK Ohm 8 uF

2060 Hz0 Deg

&
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phainly (¥ sl e C 5L s R »e 2eall350 4V oC 5V ol sV R &

Gl AV g = | gZ G ¢ dnadlg daald) g Ao lial) (pe iy yaiill g a6l () 518
WCJMLM‘V()C = |0XCJVOL - |0XL}VOR = |0R‘5J.JSJ

Z=\R*+(XL-XC)?, Z=VR*+(XL-XC)?

¢ R = 0cdaslin Jo stV Al jl sl RLC | dlulidia 23 yie i3 pla 48 glaa 8
0.
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e 3l & saaa LAl RLC 3 400 (A8 2gall d3le Sl a1l 138 ria g |V JSA)
bl ae (390 gia e ASl san A ¢ aadl dga (s sl 5 il palic

oLl g deilaall Gibeaa Y JE)

(TuF. (8.« + EiSag cmHY.+» Caag Qv+ daglia o Aladodiall RLC 313 (5 gins
Sl il Y o\z\ﬁaﬁ-ﬁ@g}ﬁﬁ# Yo, v g A T v dis 3).‘1‘43‘&3\91&44@\93

S 1) (@, (Aradlg uad) g dlelial) Gpa ¥ JUall g ) JUial) b LaS Lguidi A € 9L asdg
a3 5 JS aie I tms 2 Lad ¢ Vims =120 Vgl jiaa

Ll i)

O aaiiudd o (A8 glaall ¥ Z=VR2+(XL-XC)2Z=R2+(XL-XC)2 padiud 335 Js!
B COlelial) Gl (e Yy Cilaad) allial) il (e BaLESLY) LiSay , Ll SaY a )
A

(1) 3 S

42\:\3;1\3 c_:&.‘ﬁu\c‘m \ dﬁd\é&ﬁg@’&\guj&)ﬂﬂ\é‘jﬂﬁ T i

Eial)g Ao liallia ¥ JUal) B9 XL = 1.13Q ¢Sl dadlg

Blarall €+, + dagliall dady aill) oda JUAAL X = 531 Q. ¢St daudly

&ibh Z=VR2+(XL-XC)2Z=R2+(XL-XC)2 *

JiA 60.0 XeZ=vR2+(XL-XC)2 =V(40.0 Q)2+(1.13 Q-531 Q)2 =531 Q

JiA 60.0 2ieZ=R2+(XL-XC)2 =(40.0 0)2+(1.13 Q-531 Q)2 =531 Q

Cuaic X =3.180Q9X,; =188 0 « Fasks Vo v i (Jiallyy

Z=v(40.0 0)2+(188 0-3.18 0)2&=190 Q at 10.0 kHzZ=(40.0 Q)2+(188 Q-3.
18 Q)2&=190 Q at 10.0 kHz
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)=) S dad

b ag) OSN3 el Ll AAiud aladialy Jwd g o e/ e
Irms=vrms/2:2‘hu‘

Y QU B oaa g CiSall B 39 gall (Al A fa) Acdl ga Fia T, 200 ke Ll
Vo aaaie LAl (haddiad) aa il o GBS Cpang ., Mdaad) g cdaad) (ddelial) s
Aelial) ™ cra ) JUal) B oaa g Cuaall B 3 g gall Ll oo Jadd DL Calidy 35 A ol
Al 23 8l Jo Gl Crasgn, "dad) g (dial)

RLCALadudiall 33 jial) JLil) i) g3 B i )

OB pany T8l aga daa 23 A ANIS RIC 3 A1 b sl LS
ZJ"’L’"J “lyms = \/rms/z‘?~9§
1 A5 Juand Z=VR2+(XL-XC)2Z=R2+(XL-XC)2 (» Z 43 glaall
Irms=VrmsVR2+(XL-XC)2lrms=VrmsR2+(XL-XC)2
Adlad) calaa il M 5 S XL dad oS0 a8 Al DAL cble L) Catids
355 de ARLud) A5G ALaY) B Ui ) LaS cAudaldiial) culas jil) Ao 3 S X C Aady
Wi daB odd 97 = R - hny Laa dlguany Alig 4 gluda cIslall 0585 ¢ f o Jaw gia
AL f o Udlaa o Jguaald) WiSay [, il palic dad g dailaall
XL=XC.
iy ol Jlatiad XL 9 X C
2nfOL=12nf0C2nfOL=12rfOC.
il 138 Ja f o e
f0=12nVLCf0=12nLC
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e A £ )
s s bl - gl e dilaa g da glia o s said bl Lo G glital) Ll il
— ) e daia g Alaa g 2¢{3UL4"&: $ sl SJQLS-‘é\ﬂJﬂu“’JC'aaﬁaiﬁj da g\ia
W ol Al g Ly ot g — ) hal) Ay ) 5 — ABDAN c¥lad) 8 Al il g Ll (g ABDlad) Al
Ayl Atia) g Agalacad] — dailaal) alay) —
alaay)
-(é~ﬁ¢;u\‘51=,ZSL;.t32L43u14‘,L: @5l B il e o glital) Ll AU Gtdall ol o)=Y
dauiia g dilaa g da glia sl bl — 31l Jo dauiia g da glia (s 58l B il
¢ A e
AliS g Lghy mig — jghal) 4905 — AN clad) B 4l gil) g Ll Cp ABDal) 22y (-
C Lalewd) — dadlead) slag) — Laala
Re;*dssiiia$c,k= Ao )a LA‘1§QQQ<J\I-V

R-Lin parallel | S8 Y Lﬂ |
|7
lr=V/R , li=v/XL , lr= VIR +112 Ir
+ |L
|t =y (V/RY + (V/XU)2 =y V2 R? + V2 /X2 @ R ]
l1=v V1/R? + 1/X2 = I/v=v=y/1/R? + 1/X2 (Moh) ,

1/Q,(Siemens) ,(admittance of thecct.) , Y=1/Z,
Z=1/Y
©=tan'(-IL/IR )

EX(1): for the cct. Shownfind YT, ZT, IR ,IL, IT ,©
Drawing the phaser diagram.

i

‘|R:V/R=100/5=20A,|L=V/XL=100[(1000*0.01))=10A N w1 L
100y
5 Ohm
Ir=yIi2 +12 = 207 102 =224 o

6=tan" -1/l tan-1 (~10/20)=-26.5 K200

e > >V
Lr=V/lr=100/22:4 5450 | <8

:

Y1=1/Z1=0.22 moh |:=10A




The general Parallel case

IFXL<Xc :lc <IL  =IT= IRZ +(IC-IL)?
T=1/  (1/R)?+(1/Xc - 1/XL)? OR Z=V/ITO® =tan™1 (lc-IL )/
IR
If Xc > XL . IL> Ic:. IT= IR® + (Ic—IL)?
ZT=1/  (1/R)*+( 1/xL-1/xc )? OR Z=V/IT
If XC=XL

. ) 120 Vi60 Hzi0 De
Drawing the phaser diagram.

EX(2) : for the cct. Shown find Y1, Z1, I8 ¢, |7, HUDS”WUUU‘% o = 1004l

Solution :Xe=1/w.C = 1/ (10000x100x10°)= 1Q

Y=/ 1/R? + 1/Xc = /1/52 +1/12=1.01moh,

lc=100A
2=1/Y=0.98Q, or Z=V/I= 100/101=0.98 Q), IR=V//R= 100/5=20A

[c=V/Xc=100/1=100A, IT= VIR* + Ic* = /20" + 1002 = 101A
o =tan” Ic/IR =tan'5 =78°

- W
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(Algsll paliall cilual)  J- operato

Population target A-
ddagtieal) 4adl)
Student of first year
of

Electrical Techniques Department
A Al — Al <) liE) and Al

Ciua gl af i

5l o) Aaladl

Y=I/v

:;Z] Ud&J|EkmBh;” Y

) Y=1/Z

30,9 iy Wl &y dudl Lpb 55lal 5l ol Gy

B=1/X mho , G=1/R mho Z=R+j X (Q)

G= () duogilB = dlogall(so) Y=1/(R+jX)= G+JB (s)

Ex1) : Two impedance connected in parallel . The currents flow
at each branch is
20<60 A , 40< -30 A, if the voltage 200<30 v, Find the Total
impedance and the admittance of the cct .

I=20<60 A

200<30 v ) 7 Lz

1

I==40{-30 &4




Solution

ZT=V/1,1=11 + 12 11=20<60=20c0s60 +j20sin60
j17.3)A+10)=

(12=40<-30=40co0s(-30)+j40sin(-30

j20A-34>6=

1=11+12=10+j17.3+34.6-j20
(3>46A->44>68)=

Z=VI/1= 200<30/44.68<-3.46
j2.46)Q+3>72)=33>46>4>47 =
Y=1/Z=1/4.47<33.46 Y = 0.223<-33.46
Y =0.18-j0.123 moh

Posttest

Ex(2) : Find the impedance to the cct when the voltage supply equal to (
100+j50 v ), and the current is flow in it equal to

(4.5+4j12 A) .

S V=100+j50 ,

..V =111.8<26.56 v

1=4.5412 A

.. 1=12.8 <69.44 A
Z=V/1=111.8<26.56/12.8<69.44
=8.7 <-42.88Q

= (6.37 — j5.92)Q
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dlia) Jag o) -0

RL CAludadiall 33 al) Ll il 93 & oy )l

OB pany S8l dga e 238 AN RLC 313 G pali s

“"L"‘J “lyms = V ms /"Z ‘f‘j

LA dand Z=VR2+(XL—XC)2Z=R2+(XL=XC)2 (s Z 43 glall
Irms=VrmsVR2+(XL—XC)2Irms=VrmsR2+(XL-XC)2

dtlad) clan il A 5 € XL dadd 680 dua (a8 Al DAL cdle Wal) Calids

235 de ARLud) A5G ALY B Ul ) LaS cAudaddiial) cilaa jil) Aie 3 S X C daddg
Lirdadodd g Z = R - ory laa dgudany Al 4y gludia cleWall 0985 ¢ f  Jac gia
MU o ddlae o Jgaald) WiSay | | . il galie dady cdaileall

XL = XC.
¢ X C s X L iy i Jlagia)
2nfyL=12nf,C
2mfoL=1/271f,C.
o o ) 138 Ja
fo=1/2mLC,




QLA M) aubll ol Ul b g Adudadiall RLC 30 oo off a0 98 f () dana
(iCal) g Cunall @il 5l SN ¢ f Ao agad) jas Ao gy SRS al 13) 5 Al saie
-\;“Bs‘lrmsdJsﬁJ‘Z = R QoS Cuny

s el Adly Cp 1) irg G Sl () Ay 33 Rl Ll 92 (B G N
JLSia) jlga aUaill audal) 20 3l die - agad) juae daul g 5 ped Alad) pda b -
e LS padied Le WIS f o die Juabl JSdy QA0 RIC 880a 8 g1 B

A8 Ll by aey g8 ¥ JSAN g JA) ilaa i (b )y il e 235 JLliaY o Jasdal
(8 JaBd CLANAT (0 iiliAa 0 A i T 0L S g Baa g Ol B g3 e gy a9yl
O Allg A dagliall cild 3 Al A a gl g JB) 3 9 4l ()9S5 Lagad da glial) ok
S sl Sl Glga A A 0 9<i olg 598 205 Y oY) daglial) cld 3 il
Sl s

Ll g Uil aa il Glaaa Y JUL

¢cmHY. &MJ‘Qi e LJGA"AS @JM&‘RLCM‘ SJS\JS\ U&MQ
L.,SJL""‘.'.' V rms o "3‘ O ) e I tms ey (‘?‘) ) a8 A?J‘ (‘ MF: (°- ' “'i:"‘s'“\’
calgd VY.

Kﬂ,&ﬂbﬁu‘i\

Ale 3 ydlall gé Jlall ) ‘531»».) a2 il [RY QRS okl Adalaal) e\éﬁmL.\ Gl aa 0 gun.\i
f0=12nvLCf0=12nLC. The current at that frequency is the 5225 aglall 392 9
same as if the resistor alone were in the circuit.

)1) 3 Jad

121LC (2 f o2 hrall jwadll A C 5L BUarall 4l S (525
f0=12nvLC=12nv(3.00x10-3 H)(5.00x10-6 F)=1.30 kHz

f0=1 2nLC=12mn(3.00x10-3 H)(5.00x10-6 F)=1.30 kHz

(1) 4 Addlia

GIAL Gl sl Lak g ¢ Fipa LS Ve v g oA Ve le G ol S Gl a8 o (g

Lads ¢ addial) 20 i) o Sl ghasw 3 (2 gia 138 oS ABLd) A2aY) B Laali i)
o gial) 23 53l 1 die Jilaia Laa pilig Al a3l o Eaall jhau

)=) 4 dad

S Euny claguiany GLaliy Ul Wall (g gbuali ¢l e a gl (gl Ll Jany
A g s g da gliall daslaall

Irms=VrmsZ=120 V40.0 Q=3.00 Alrms=VrmsZ=120 V40.0 Q=3.00 A.

)) Acdiie

JEiall B B Il (il B pfinal) AaY)g AeY) Claa il Cra ST LN ¢ 6 (o ) i
G




Therelaton hip between (Z, 1, 0 with frequency f) Fo (LR octs.
)l i - &) ol i, )

A series L-C-R cct has a 3L
minimum Impedance at
thrresonance frequency, :

=
et
(]

|:V/[R+HXL-XC)] (o) L-C-R cct, : / :

zT \ /,-----'

R ()Graph of Inpedance
versus frequency

/ \ K Xcand (X _X|Plotted versus frequency

(0ragh of currents
r — vergus frequency
|
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— 3352l
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S;lell o,  Resonance Parallel case

If XC=XL :. (Resonance Parallel case)
=l b= 1R

Z1=1/\/(1/R)? :.Z1=R , Vi=I1.Z1, vT=IT.R ,6=0

fr= 1/ 2.nA/L.C HZ

fr: (Resonance Parallel frequency)

ITo




—

Phaoase diogrom -

(cOWaveforms

lrwith the same phase with (v) , If the supply frequency is

adjusted until XLand Xc are equal, the admittance becomes: Y=1/R, and
the cct. Impedance, R=Z

.Consequently,the current taken from the supply source is I=V/R

.The current through (R ) is in phase with the supply voltage
The current through (L) lags the supply voltage by 900 . This is illustrated
by the phaser diagram (b), and by the cct. Wave forms in figure (C) .When
XL,Xc are equal, the inductive and capacitive currents are equal and
opposite, as illustrated in the
phaser diagram. Thus, the total current supplied by the voltage source is
IR ,Ic and IL are the result of the energy stored in the cct. Being
continuously transferred from the inductor to the capacitor

,and back again

' S

| /\ | ‘ \/
K 35l d=iloodl a3Nc £ 3 /
S5, Lol asve




Fr=1/2TT.{/CC x,/I=[CRL/T]

The band width of a parallel resonahant cct. Determined in exactly
the same way as that for a series resonant cct.

af=£./Q

Ex(1) : For the cct shown below find the

resonance frequency .
Ir L2560 mH
O T
T
60 F=15

Solution: F = (%]7)x J (1/L.c) —(R?/1?), =197 HZ




