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1 The aim of theorem

ﬁ) define the electric circuits ann /2) 1o prepdre AL Hol . \
studying different calculations

electrical measurement to the students : S
of alternating circuits and

. direct current circuits and
,plaiall (Ll 3 jeal 9 Al jeSI ) gall oy yaril different theories of
measuring instruments.

Ciliae daty o 1, bl Jaal
D535 il Lall il sal il
) Gl T ey peieedll Ll
Al oS bl 3 jead e il
. Aalial)

¥ re /




1): Electrical Technology (Edward Hughes ).

2 ): Electrical Technology ( B.L Theraja) .

3) :Fundamental Electric circuits (David A . B ell)

4) Introductory circuit Analysis by Robert L. Boylestad

5): Basic circuits (A.M.F Brooks ) pergaman press.

6): Introduction to Electric circuits (M.Roman witz) John willy.

7): Basic Electrical Engineering (Fitzgerald and Rlgginborthan ). Mc-
Graw- Hill

dardl) jilia jgiSal) g S5 dana ) giSa [ 4l Sl Auigh) ale salua 2(8

o Slaldll g ) gl QUS £ g pdia (9




Ao glsall 5 bl g A gall puliad) Cilas ) iy jad

9
R sliall dadh e 5 ) Jal gl




[ )

over view - ikl s kil

- /

A- Population target
ddagal) A4l
Student of first year
of

Electrical Technigues Department
A9 Adad) — Al ,e<t) LBl and Atk




B —Rationale 5aagll &l

\

)

It IS very important to study Units
system
Also to study the elements effect
of at resistance.
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 Definition voltage , current and
resistance

* units system
 The element effect at resistance

. /
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D - Aim of lecture : To let the student be able to
identify the analyses different elements effect at
Ghe resistance value .

W

)

Pretest (Al SRy

1): Define :-
( Resistance, current , Potential difference ,voltage ,
E.mf) .
2). Write Ohm's law

3) What is the meaning of the Ampere (A)?




{Solution}

. 1): R ( The appetite of material to appose the flow of electrons, its unit .
is (QQ)

| ( The electric current means the flout of electrons through the
conductor )

Potential difference :( The difference in potential between tow points in
.an electrical system , its unit is volt (V)

Volt (V) : The unit of measurement applied to the difference in potential
between two points

E.m..f. ( the electro motive force means the sorce of voltage produced
from Generator which causes current to flow ).

2) V = IxR (volts) R=V\I

3) (A): The unit of measurement applied to the flow of charge through
a conductor.




(@las ) aas)Units system

m-k-s-A system (international unit) (21960 ale Jie adizall) yuel— 40— o) & LS — yialf alkas

Quantity unit symbol
Length meter M
Mass Kilogram Kg
Time Second S
Current Amper
da ) Kelvin K
sl »lITemperature
Luminous intensity candela cd
sela¥l 5o
Quantity unit symbol
Electric charge Coulomb C
Electric potential Volt Vv
Resistance Ohm Q
Capacitance Farad F
Inductance Henry H
Conductance Siemens, mho S
Frequency Hertz HZ
Power watt W




Notations:-

1=10°
10=10*
100=102
1000=10°

Power of 10
106
103
103
106
109
10-12
10°

prefix
Mega
Kilo
mille
Micro
Nano
pico
gaga

1/10=0.1=10"
1/100=0.01=10"
1/1000=0.001=10"

symbol
M

v -5 3 X




Examples:-
a) : 1000 000QQ =1x10%Q =1 mega ohm =1MQ
0.000001 farad=1x10" farad =1 Micro farad= 1uF
0.0001 second=0.1x103 second = 0.1 mille second =0.1 ms 10" x 10™ = 10(n*m)

b) :
1000 x10 000= 103 x 10% = 10 3+ =10
0.00001 x 100 = 10> x 102 =103

10"/10m=10n-m
C) . 100000/100 =10%102=10%2=103 1000/0.0001=10%/10* = 103-t9=107

(10n)m:10nxm
d) . (100)4=(102)4=102x4=108 (1000)2=(103)2=103*2=106

(0.01)3=(102)3=10-2x-3=106




The elements effect of at resistance ( 4agliall dad o 5 figall Jal gall)

7

1- The Resistance varies directly with (Length ) { L} .

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

3- It depends on the nature of the material { specificin (p) }.
4- It also depends on the temperature of the conductor{ T }.

R CE L/A . R=p.I/A(Q), p=R.A/L_Qm2=0Q.m
m
When R: resistance, p= specificin or resistivity , L= length.
A =cross section area




Ex1: Arectangular 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° Q. m

Second
Solution: case l
1- R=P.L/A (Q) =3.5x10° x0.5/(1x102 x 1x10-2) First
. R=0.1750 — T rase
2-R=P.L/A Q=3.5x105 1x102/(1x10-2x50x10-2) '
.. R =0.00007 Q

Ex 2: The wire resistance equal to (40 Q) and length (1km) if the resistivity=2x10% Q.m
, calculate: the diameter of the circular type wire.

Solution : Area=(r2/2).m ,R=P.L/A Q :.A=P.L/R= (2x10% x1x10%) /40
=0.5x10% m?

A=(d2/4). d2=4.A/tr :.d=v4x0.5x10° /3.14 =0.640x10°m
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The resistance of the material depends on the temperature, When (T)

increased, R also increased

+ R(Q)
/
Rt
/Ro
+t
t 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




2

Solution: p=v?/R :. R=(240)?/ 100=576Q
R2=R1(1+ce1i(t 2-11) ) .. 576=R1[ 1+5x10-3 (2000-15)]
576=R1(1+9.92) , R1=576/10.92 =52.7Q .. I=vIR=240/52.7=4.55A

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)

Notes. 1- Ro=2.781 Q
2-ocet= 0.00284/k



Solution: R1=v/11=10/1=10QQ , R2=v/I12=10/0.95=10.53Q |,

Rt=Ro(1+0eot) . R1/R2=Ro(1+ceot1)/Ro(1+ceot2)
:.10/10.53=(1+4.28x10-3 x20)/ (1+4.28x103 x t2) .. 12 =33.4C




Ex(6). A copper conductor of (100m ) length ,with a diameter of (1mm ) ,if the
resistivity of a copper is 0.0159 MQ.m , find the resistance of the conductor.

~X : solution 7

R=pL/A:. A=r? 1= (1/2 x103 )x3.14 m? :. R=(0.0159 x10° x100)/ 0.52.17x10°
.R=2.02Q




[ Posttest gl J‘eﬁ\fﬂ

4 Ex:(7) An electric heater takes a current of (15A) from a (115v) source. The cables N
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

/

Coowion N

R=E/I=12/15=0.8Q) , total length of wire =2x43=86m

R=p.L/A :. A=p.L/R = (1.72x108x86) / 0.8 =1.849x106 m2

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

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

-
d=V{4x 1.849x10 /T] =1.5mm
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It IS 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
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e

e connect the resistance as series
,Jparallel and complex.

* Voltage divider rule, the current divider rule.

* Ohms: law.

N

/







Pretest (Al LERY]

1): If number of resistances connection in series write total voltage ,
current laws .

2 ) If number of resistances connection in Parallel wrights total voltage ,
current laws .

solution
1)V-=V, +V,+ ...4Vn , 1=, =1, =1,

le=l, +L+ ...#4ln  , Vi=V,=V,=V _




Ksm ]

yl Xi V3
R1 N& R3
[1 “‘ E
|=l1=I2=13=------- =In VT1=V1+V2+V3+——+Vn

RT=R1+R2+R3+ -—----- +Rn

When : n number of resistances



Voltage divider rule 4l sil) amds ¢ gild

Vi=I.R1=VTR1/(R1+ R2) V2=I.R2=VTR2/(R1+R2

p

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




J

Parallel circuits 6 )5 i g
{ I T y Ie W L2 - VT=V1=V2=V3=Vn
= VIEI ja:g - va | g IT=11+12+13+ ——+In

1/R1=1/R1+1/R2+1/R3+ ----+ 1/Rn

GT1=G1+G2+G3+ ------ + Gn , {G=1/R} G : conductance @m}d\ (=)

For two resistance parallel connected as shown in fig. &

1/RT1=1/2 +1/5 =7/10 :.RT1=10/7=1.4Q
OR: RT:R1R2/(R1+R2) _— Ri=2 Ra=s
—2x5/(2+5)=10/7=1.4Q




The current divider rule (Ll s ¢ 5i18)

l1=V/R1=lTx RL.R> = Re .t
R1 Ri+R2 & I1 ¢

Also: I2=R1 . It

Ri1+R2

EX(1) :Find Ii,l2 For the cct. Shown ;

Solution; 1=R2 x It = 4 x12=8A 2
R1+R2 2+4 124 Il
l2= 2 x12=4A :
2 4

2+4




Ohms: law

V=I x R

|I= current in Ampere (A)

THE POWER

P=Vxl (watt) Also P=lLR.I=I>.R
P=V.VIR =V?/ R




Ex(2); Find Vad, Vab, Vbc ,Vcd ,|3%
1k

e ko

‘lIS
BH% % &k
C

|

§ jIe
1ok 121 12k

O
d

solution
L
.

RS /=3x6/3+6=Ck

| E=14v c

||

§ R/ /=12/3=4k

s
. RT=7k Q:. IT=14/7k=2mA
. Vab=2mAx1k=2v Vbc=2mAx2K=4v

Vecd=2mAx4k=8v

|3=2mAXx3k/3k+6k=0.666mA

|6=8v/12k=0.666mA J




POosttest exi Forthe cct.Shown;Find RT,R Ex2: Find (R1.1T)
IT=5mA  R1=0.6k R
1 =5 R e=3R1
L e e
ﬁﬂv . 1[5—_ R 1=1e&
Ay = S e—————
R3=5k R4=0.4k Rs=2R: 0
Ex3: Find | ,E , R1, R2 =x4; Find GT, RT
F1 =
L
I
1 =8 1
E = R3=1§ 4y 4] Q Q Q
Q




[Solution H. W }

1) 60v=5x(0.6+R+0.4+5)
.. RT=60/5m=12k Q :. RT=0.6+0.4+5+R

12k=6k+R R=12-6=6K

I =V/IRT=10/16=0.625A RT=16=1+R; +2+3 R, +3+2R,; . (2
16 =6+6 R; :. R ;=10/6=1.6 Q (3
4 )
3)I; =v/IR=4/1=4A .. E=l; XRT= 4x16=64v P=VI=12xR :. 8=16xR,
.R; =8/16=0.5 Q RT=16=0.5+ R, +1: R, =16-1.5=14.50Q
- J
\

\_

4) G;= 1/R;y mho

G, = 2+6+3/2=9.5 mho
Ry =1/9.5= 0.1052 Q




Delta(A) - star (YY)

Transformation

(The third week ) &Gl g sl






4 Ohm

My
J 4 Ohm 8 Ohm

VN *

;2 Thrm

3 Ohm

— 144w

RA 5 RB
RA 1 Qhm 2 Ohm
AN A
. . Ri=
Solution ; 3 o RC > 0mm 12 Ohrm
12 Ohm
2 0hm

) =

3+1=4

‘ 4 Ohm

— .~ AV

2+12=14

4 Ohm §14 Ohm -

2+2=4
;

RA _4x4= 1 ohm
16
RB _ 4x8= 2 ohm
16

Rc = 4x8= 2 ohm
16



R1=4x4/(4+4+3)=1.45Q
R2=4x3/(11)=1.09 Q
R3=4x3/(11)=1.09 Q

Rx=6+1.45= 7.45 Q
Ry=1.09+4=5.09 Q
Rz =1.09+4=5.09 O

R//=(5.09x5.09)/(5.09+5.09)

2.54Q

:.RT=16Q




153 .65 Ww

10 Ohm l S Ohm

Notes: [=2.66A
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It IS very important to study
Kirchhoff's laws
Also to study Maxwell's method. .
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( Definition Kirchhoff's current law in\
any electric point .

» Definition Kirchhoff's voltage law In
any electric closed circuit .

* To learn Maxwell's loops by using
{irchhoﬁ's voltage law. /




/D-Aim of lecture \

To let the student be
able to identify the
analyses net work by
using Kirchhoff's laws .

A\ /




Pretest




Kirchhoff's laws

O A Al Gl Ul & sana (5 sk 400 jeS Adads ) dlalall Gl HLl & gane

O() i (5 sby Lo A LAl 5 Al 5eS daii ) ALa )l el Sill (g jonl) o sanall 5f) Al el

- [1+12=I3  or
l1+12-13=0

Glaliany) & gana (5 gl 2l Aleldl V) & gana dalea 41k oS3 pla JS

W ®- L At first cct. E1-E2=R1xl10r;
b TRk E1-E2-(Rixl1)=0

At second cct. E2=12xR2 or:

E2-(12xR2)=0




N

l1+12=l3....1) 8=5l1+10l3...(2)

5 Chm B CJhim
———— A A
|1 ' I, 10=1013+6l2....(3) then 8= 5l1+10(I1+l2)
— v |31 we — v 8=15l1+10l2...(4) and at eq.(3)
6l2+10(l1+12)=10 6l2+10l1+1012=10

Then 1612+1011=10.... (.. /2) , 5l1+8l2=5 ,(x3) 15l1+24l2=15

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

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




Posttest (»): using Kirchhoff's theorem to calculate the current
at each Resistance. (H.W )

solution
4 Ohrn F Ohm
e vy NV
4 Ohm B Ohrm
5 ahm A | A
3 Ohm 7 Ohm l, & Ohm
w AN » 2 Ohm 7 Ohm
"= AN e
3 Ohm 10y |1 : Ohmll-lz 10¥
" 1 A |

10=81,+3(1,-L,)+7(1,-1,+1,)
- 10=181,-101,+71, .....(1)
0=41,+51,-3(1,-1,)
- 31,471,451, =0......(2)
0=6(1,-15)-7(13-15%15)-5l5
. 0=-71,4+131,-18l, ........(3)




Maxwell's Loops

Currents method

|

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

|




Ex(2) : For the circuit shown using
Maxwell's loop to find ( |1,|2,|3)

& Ohm 4 0hm 5wl g 0hm
Yy s :||I

CAl Al

L= LT I3

30 Ohm
A

l1=54.64A | |2=145.3A
13=24.64A

solution
At loop(1):

(5+3)11-312=20-5
811-312=15......(1)
At loop (2):

(3+4+2)|2-311-213=5+5+5

-3l1+9[2-213=15.....(2)
At loop (3):

(2+8)13-212=-30-5
-2l2+1013=-35.....(3)

Then we find 11,12,13




(B) : For the circuit shown using Maxwell's

loop to find ( I1,12,13)

olution
301,-101,-101,=100 ...(1)

201,-101,-101,=-50 ....(2)

.1015-1,-1,=0 , (eq.2-eq.1);
401,-301,=150

.41,-31,=15...(4) €d.(1)x3and the

result + with eq.(3);

10 Thm 10 Ohm
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It IS very important to study
Thevinins theorem.

Also to study how apply the three
step to the save theorem .
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e Definition Thevinins theorem .
How we find the current at each
resistance Iin the net work by the
above theorem.

A /




N

/ D- Aim of lecture
To let the student be able to
identify the analyses net work

by using Thevinins' theorem.

< 4




Ircu

lent ci

Iva

istance, The equ

Load res

Solut

Ine

Def

-

\

YRHIEON

Ion




VYAV BTN

EX. (1) - In the cct. Shown above
Find( I, ) by using Thevinins:
theorem



Solution . 1-To find E,,

Mo
1=36/9=4A T

E., = 4AX 6=24v

2-To find R,

R, =(3x6)/9+12=14

=




[B-Thevenins Equivalent ]

14

|, =24/(14+4)=1.333 A



=3k 4,7k

b
= o Al =32k




=9k 4.7k

= § 0ol RL=2.3k

1>

™

Csouton V>




]

Eth= (10v) x(8.2kQ)/(3.9)x(8.2)=6.77V

4

=9k

4,7k

2.2k

Fm

C32

Em=iE, 77w

<

P R=2.3k




T =

Rth= (8.2x3.9)/(8.2+3.9)+4.7

= 7.343kQ
N /
4 N
l.=(Em)/(Rthtr) =6.77/(7.343+3.33)
=0.636mA

VL = ILXRL=0.636mA x 3.3 kQ)

\\ =1.908 v .




Posttest cdall LAY

r<$

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

5 Of 10 Ohm 2 Ofi com A ——
—AA AMA AMA— ETH 2 A
1 1 1k l, |
— v 1% Ohn somm . — ¥ Solution —2" 15 Ohm gom 0
I_l
8 Ohm v 2 Ohm
,=20/(5+15)=1A  Vausq =1x15=15v AR R Th A
,=10/(2+10)=1A  :.V, 4o =1Xx8=8v
:.E;;=15-8=7v 15 Ohm s o
RTh:(5X15)/(5+15) +(8x2)/(8+2)=5.35Q 5.35 Ohm | @
L
|T RTH

L L=1T=7/(5.35+10)=0.456 A

Eth |

T
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It IS very important to study
Norton's theorem.

Also to study how apply the

three step to the save theorem .
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e Definition Norton's theorem .
How we find the current at each
resistance Iin the net work by the
above theorem .

. /







o] Sl LN aes by Al padll 3 00 & Short circuit :
OS5 Lefaglia dad () (5l Laud A glia 3 g 5 pml Ay jgS) 5 il
1 jia

Ales Yha Leta glaa (585 Sl da gaal) 3 plall - Open circuit
a8 Lt Ll il A




-
—Ex. :- Find (I, ) for the cC

shown using norton theorem

— A

* »
4 Ohm
4 Ohm Bl= QBA
2 Ohm




,=16/4 =4A 811 o(Kcl)

then; I, . =4A = |

Ss 1% 0



Ry =(4x4)/ 8= 2Q

In |, =(4x2)/(2+2)=2A




Posttest

For the cct. Shown find
(I, .+ 60) USINg Norton's theorem

8 COhm
N
iy o B Y, FL T qav
— E COhm —
3 Ohm

A



| =l+l,  , 1,=72/8=9A

|, =18/3=6A In=lsc=15A

154 B Ohm
3 Ohm

N IL=(15x2.18)/(2.18+6)=4A
RN=3x8/11=24/11=2.18Q
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It IS very important to study
Suppers position theorem




[ N

C — Central Idea4ss sl 3 sil
- /
( Definition Suppers position \
theorem

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

< /




Pretest

Ll PRy

[ Define : Current load (IL) ,draw Norton equivalent}

Solution

Jaal) daglia ye dgily ;g 5 dal 8 Jlal) Ll g 1 (Jaad) L) IL

/

-

£F

I
=L

L=l X Ry/ (Ry+R,)

\

B




Ex. For the cct. Shown using
supper position theorem to find (I, )

1.5 Ohm 3 Ohm
BN A ’
gﬂ.ﬁ Ohm |y l

3 Ohm

;1 Ohrm AN,

10w
- <P22EI A
IR=F
2 0hm
@ r '



Solution:- 1- Effect of 0.5A only

1.5 0Ohm

2 0Ohm

M

§1 Ohm

»
§D.5 Ohm

i

2 0Ohm

l,= 0.5x(0.5)/ 0.5+(3+3)=0.038 A |
2 Ohm
e

2- Effect of 220mA only

1 Ohm

1,=0.22x(3+0.5)/3.5+3=0.118A |




3- Effect of 10v only

. > on 1,=10/(0.5+3+3)=1.538A |

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

v



wSﬂbjMﬁJMé\JM\JMdJFM\

@5 o ﬁ

w 2910
uﬁJw\

\ 10x4=40v = | /







When RL=Rin there is Pmaximum transfer to the load-: RL: Rm

|lL=V/(Rin+RL)=V/2Rin  But P=2.R ®

Pmax.:/LZ.RL
P=(V/I2RL )? xRL =V%/4RL

Then; at Thevinins equivalent
Pmax= \/O.C2 [4Rn

=1

L -




30 aOhm

AT Ex. . Find RL
;m Dh for max.p. T
—— 80 S RL  and calculate Pmax.
b Solution
RL=Rth then
30 Ohm
M ” Rth= (30x150)/30+150 = 25 ohm =RL
§15D Ohm Rth
30 Ohm Vo.c=150 x 360 /(30+150)= 300v
WA
Vo.c Pmax =vo.c2/4 Rth =
—l 150 Ohm
e (300) 2/(4x25)= 900 watt




Posttest

For the cct. Shown find IL
by ? i?
using supper position theorem

|
T 10

E1=120v

- |
oo

60

0

IT ap

E,=120v, E2=0 , R,=(60//20) +10+30=(20x60)/80+40=55Q

1:=120/55=2.182A , :.1,=60/(60+20)x2.182=1.64A

10 60
Ellam
— 0
[ (12) E,=0, E,=65v , R,=[(10+30)//20]+60

=(40x20)/60+60=73Q

1=65/73=0.89A , :.1,=40/(40+20) x0.89=0.59A
- : e LI =1,+1,=1.64+0.59=2.23A |
\ 18 T =n L_ 1 2_ . . . . /
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It IS very important to study

Alternating current (A .C)

Also to analysis the sine wave



[ N

C — Central ldea S sl 5_sil

N J

(Definition the sine wave \
 To learn how the sine wave
generated

 To learn haw we find R.m.s current
and average value

. /




Pretest

| Define :1- frequency

2- Angular frequency




Sine wave




olagei  lsl  dosz olgal  ews g

e

i

—I\

E

T: time period ( 8]

Max: maximum
value of current
of voltage

oY
t: frequency { Hz) /2w

—_—p — lcycle —
B (T)

L s

T

W angular frequency
{ radian / second )

S S S S S A S

R e e T b e

S

B e e e T

¥
B
B

G | a0 agasan | ove| [ExT] TRE] [REC 1sgae ) yhw  pewl,o suc 1




Average value (Means value )

lav.=1; +1, +----- +

N
T T
.= 1/7] i -t V,, =1/7) ey dt
0 0
Instantaneous value

I(t)=1__ Sin(wt):  V(t)=Vv__ Sin(wt)






FOrm faCtor (kf ) Peak faCtor (Amplitude factor)
Kf= | S e /| = and Kp=ka=| max./l r.m.s. aﬂd

Kf=V rms./ V av. Kp= Ka=V max./ V tms.

Example (1): inA.c. sinusoidal voltage with peak (24v ) applaud to a circuit
then the current (3A) if the voltage lead the peak current by (45 ° ) and frequency

(50 HZ ) write the equation for V(t), | (t) and draw form and phase diagram .



Solution :-

Vm=24v : Im=3A:

v=Vm sin wt

w =314 rad/sec.

y

i=Im sin(wt-/4)

©=45° :f=50Hz
w:

2.1 f=2x3.14x50

. V=24 sin314t i=3sin(314tn/4)
VvV . X
i V, i
= 0 ’
© =45 o
' VRN

/4







/ DAY e dama L ds gal Aladl) daill) Glial

2 2m 211 2
I'rm.s=1/211 12de=1/211  (Imsing) do-=

2 ) 2

I"m /2TTf  sin®° d®  But:sin®" =1/2(1-cos260) then:

2 5 21T 5
| rm.s.=l m/4mn [ (1-cos26)db= I"m /417 [(6- sin26)/2]

= °m /417 [277-0] -.Ir.m.s.=lm/v2=0.707Im

)

0

217

~

Vr.m.s=0.707Vm «Vr.m.s.ﬂégl Sy 4y yhall e g

W




EX(3):. Calculate average value of current and effective value for the sine
wave shown below :

\ T f

| t
T2 ﬂ\/




T e 2TT 2TT
la=1/7 1 i(®)de=1/(211-0) | Imsinede=im/217 ; Im sinede

=lm/217[-c0s6] o =-Im/217[1-1]=0

\_ /

/rms /—fT i2dt , T=2 . i=|msinwt , dt=dwt. dt Irm.s.= \

211
I rm.s. =1/2T] j I m.sin‘wt dwt =I> m/2T] J sin‘wt dwt=

> m/2T] J ﬂ[(l—cosZwt)/Z]dwt = I’m/4T] c,J’Zﬂ[(1—c052u)t)]duut=

’m/ATT[wt- sin2wt/2] *T =|2 m/4TT[(2T7-0)-(0-0)]= |2 m/4ﬂx2ﬂ=|2 m/2

. Ir.m.s.=Im/ v/2=0.707Imax

\ Y.




[ Ex (4): For the wave shown find ( Eav , Erm.s ,Kf ,Kp) ]

-

Em

N

;
Eav=1/T[ e.dt

0

(T=2TT , e=Emsinwt, dt=dwt)

217
Eav=1/21]f Emsinwtdt

217
=Em/2TTTI] sinwt.dwt

T
= Em/2T7[- coswt]

(0]

=Em/217[-(-1-1)]

=2Em/2TT=Em/T]
D OsSy CliXS
lav=Im/17




'@ N

2 ; 2
Erms=1/T[ e .dt , e=Emsinwt, dt=d.wt, T=2T]

2 2m
=1/211f E msin? wt.dwt=Em? /2TT]  sin wt.dwt

(0] o

T 2 T
[(1-cos2wt)/2]dwt=E m /a1 [wt-(sin2wt)/2]

(0]

2 2
=E m/2T]J

2
=E m /41'[[(]'[-0)(0-0)]=Em2 /4 .. Er.m.s=Em/2

K SR | /

Form factor (KH=E.r.m.s/Eav.=0.5Em /Em/11=0.5T] :.Kf=0.5T]

Peak factor(kp=ka)=Em/Er.m.s=Em/0.5Em=1/0.5=2 : Kp=2




circults

Examples about( A.c)

i

aves Shown find (r.m.s) \

Ex. 5 :- Forqthe W
b): 4R / t(ms. )
L /2 4 8 1
4 8 A 0
_ T
H.W

4







/ Ex. 6 : For the wave form shown find the Peak factor (kp ) . Thg
find  form factor (kf) .

N

E(v)

2 VH—

VAT
3
o

\ o /
/Solution - Kp=Em/Eav. :Em=2v T=2 E%v.:llTojre(t) dt o, e:mx}y

2
=@/2)t + y=t+0=t  :Eav.=1/2] tdt=1 ()= (U4)x4=1volt :. kp=2
0 4 0

T 5 3 2
Er.m.s=J1ﬂf0 e Zu.dt , . E%rm.s=1/4(oP 2 dt) =(1/4) ({/3)

.. E 2rm.s=8/12 :.Er.m.s.= 2/+/3, kf=Er.m.s./Ea.v.= 2/\J3

\_ /




Ex 7 :- For the wave shown find ( Vr.m.s.) :

V
4
t (ms.
! > )
L 1 2 3
4
solution
T 2
vrm.s.5 1/ T]vg.dt . T=2 ,vi=mx+y= 0+4=4 , v,= mx+y =-4t+4
0

2
. V2r.m.s. 1/4( ] 16 dt + I 16t 2.dt- y 32tdt+ I 16.dt)

1
=1/4[16 (t) +16/3 () - 16(tzf+ 16 (t§ ]

1
\2[6/3 Vrm.s.= 4//3 v



[ Ex 8:FIND Kf,Kp forthewave]

shown

ﬁol ution (Y-y1)/(X-X1)=(y2-y1)/(xx :
X1)

..(€1-0)/(t-0)
=(2-0)/(1- 0)..e1/t=2:.e1=2t

Also: (€2-2)/(t-1)=(0-2)/(2-1)
:;62-2:-2t+2 ..E2=-2t+4

Er. .52 =—J e< .dt
J 2t)-, az+J (4 — 2t)? . dt]
E

+16(t); — 16(t%/2)f +4(t3/3);

K ‘Erm.s” =4/3 Z.El‘.m.SZZ/IZ3/







>

ﬁ(ample . Find average value ,Kf ,Ka for half wave shown : \
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It IS very important to study

Alternating Values

/
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 Definition Alternating Values

 To learn pooler simple and

J-

<

operator.




- [ Define: The polar symbol, J - operator ]
- The polar symbol : Jlae (e () 5Se S jall 48 5S4
(V=120<30° v) S olail 4

J—operator: a3 4x 5300 S el py AT Hlaia ea g
_ —— sbony . S el Al et g0 Sl 8
Z=60+j50 Q S Mt




The polar symbol
A.c. quantities m
—> J - operator

el
_

— \ o

A x B :- Ex: 2<30 x4<-45=8<-15
The polar symbol Q A/B :- Ex: 2<30/4<-45=0.5<75

a A+B

}-a Drawing method
D -~
/ 0 Analysis method




s . A
. 1 %—
a Drawing method Ex:-Find e =el+ e2+ e3 When:
el=20sin(wt +60) . e2=30sin (wt+135); e3=40 cos (wt +150)
\_ J

e “
240 °

S L e=27.34v<8.17°

< Y,

6=-8.17°




@ Analysis method a =C x cose

b=C x sine




EX:- Two currents i1 and 12 are given by the expression :
11=10 sin (wt +1t/4 ) 12=-8 sin (wt-1t/3 ) FIND

1/ i1+i2 2/i1- i2

~_ The results _—

1/ l=15<740 A 2/  1=11.07<0.99° A




D v

. s
[°5in@ + /- cosg = 14.23A

.ill:ﬂ..

ey

|sinB=10sin45°-[(-8)sin-60°]=8.509+2.43848=6.07
|cose=10cos45°+[(-8)cos-60]=5.2532+7.6193=12.8725:.

_ B=tan'!(5.2532/36.844)=74°

~

:.I:-'Z|.4.2-9’<7‘40




2 [ il —i2 ]» (A)By analysis method

lsinB=10sin(wt+TT/4)-[(-8)sin(wt-T]/3)]=7.071-[-8x-0.86]=7.071-6.88=0.991

|cose=10cos45-[(-8)cos(-60)]=7.071-[(8)x0.15)]=7.071-[(-8)x0.5]=7.07+4=11.071

7

I = JI2sing + JI2cos6 = ~{0.19132 ++{11.0713 2 =11.077AJ

.

p
@ =tan? (0.191/11.071)=0.99° [ (B)By drawing method )

\.

4 )
1211.07<0.99°

- J




_—

J-operator

/

|}

Complex number

E=2+j4 volts

_—

/




[ Polar and j-operator relation

When we want to change from polar symbol to j - operator

Ex. i=16<-43° - = 16 cos -43 + j16sin -43

(

And When we want to change from j - operator to polar symbol

-

EX. v3-iem) IVI=/32+(-4)2=5

©=tan!-4/3=-53.1° :.V=5<-53.1




s )
R=Zcose , X=Zsine ,Z=/R2+X? g—tanl X /R
z
For : R=4 =3 : Z=/16+9 =5 0 =tan -13/4=37° <o
. Z=5<37°Q ,Z2=4+j3Q
R
\ J
\

\ G

2/Admittance (Y ) :It is aseciptancal of impedance in (simence-S-)=1/2Z

G=1/R Moh, B=1/ X Moh, Y=/G2+B2 (S),e=tan 1 B/G
:Y=IYIl<e , Y=G +jB /MB
S) -

Q




ﬂ\) Impedance in parallel :-

<

' y I 12 D

1/Z<e =1/Z1<e1 + 1/Z2<e2 + 1/Z3<e3 V<0
l<e =l1<e1 +|2<62 +13<63
/3<
V<@ =V1<el =V2<e2 =v3<e3 Z1<el [2<e2 £3<63
(b) Impedance in series :-
/<o = /1<e1+ [2<e2 + 73<63 I<%
v<e =V1<el +V2<e2 +v3<e3 L1<0l  7y<e2  73<e3
l<e =l1<e1 =I2<62 =I3<63 ‘ —
V<0
a2 )
3/ A.c. power , When : S =apparent power S
Q= applied power (reactive), P =actual power (active) Q
S=v.l (v.A) P2 +Q? , Q=v.Isin e (var), P=v.Icose(watt) ©
©=tan 1 Q/P :.S=Isl<e AND S=P +JQ P
\ J




t
o5tt85 /
P EX : Find the resultant voltage for :
2 i0snute /3)
e2=10sin(wt+ 11/3 ) Using analysis method
e3= 15 cos (wt +30) -
e4=30 sin (wt—90)

solution

~_

e= 13 sin (wt+7)

Using drawing method to find the Sam
resultant




a) Analysis method

T D

solution: e1=20<30° , €2=10<60° , €3=15sin(wt+120) =15<120°, e4=30<-90°

€co0s0=20co0s30+10co0s60+15c0s120+30cos(-90°)=17.8+5.877+(-4.6)+4.69=23.77v

€5inB6=20sin30+10sin60+155in120+30sin(-90°)=9.07+80.9+14.2+(-29.6)=1.76 v

| 2 2 _esing
e=\(ecosB) +(esinB) =13v , 0= fan~ L ] =6.6v

K Tecost /

b) Drawing method > —

3<120

2<60

K e= 13sin(wt+6.6°) /




lad) £ gudy)

The components of A.c. circuit
bl &l ¢Sa u.b < glital) HLul) J,)S\S

\Z

To let the student be able to identify
and Study the components of A.c,

circuits
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components of A.c. circuit

Also to study how we connect
the

Components in series and parallel .
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/ * Definition The components of

A.C. circult

* To calculate the current in parallel

and the voltage In series.

<

/




-

Define : Phase shift, Phase diagram ,Phase angle(9) ,
inductance(L), Capacitance (c ), Inductive reactance (XL),

Capacitive reactance (Xc),Impedance(2)

&

~

J

/ 4 aall 45l 3N e Al 8l ) Hlall da sall il ) 5hally (331 / Phase shift: Solution\
Al gl 5 Ll (pe AS Ayl 55 o) Jiay oaladl ki / Phaser diagram:

DAl gdll g Ll o ohall (38 JSSE Al 4 30 s /Phase angle(d)

Bas gn g AL el Ll g ye die AL KKl Calall anily (GA) Sl jlada [ inductance(L)
s 5alad a3 S Baa g o) Ll () W) o) Al Bas g (4l g Aaiiall 42 [/ Capacitance (c) L;).t@.l\
S Y lan gl a3 iy 1303058 L S o) Sl 3aa 50
Bas g3 (&g AL HeSH Ll Calall (e Gl Lguay A 48 glaall 20aS [z Inductive reactance (XL)

XL=2 T f L ol pa Ll b ot iy (a5Y))
Bas g (i LI HLall 3l S Lall daciiall Lgpasi i) 48 slaall 408 /Capacitive reactance (Xc)
XC=1/(2 m f ¢) (-5Y1)
g, Aruiia o daglae | Cala xa daglaa) 4 A.r_j.m alie lga Al 4K dxileal) S /Impedance(2)

anSAA\meLAJS\tjAuQ)M\ L@JJ\AJLAM@\JJ@SMJM(‘\SJMJ‘AM\
\ (& ... il g;A.A-u‘ Llise 5l 5315 5 ) J




fPure Resistor _ \
Vv

=Vm. sinwt , i=v/R ohms' Law _
.i= (Vm. sin wt) /R, Im=Vm/R !
.= Im . sin wt e ;

A S
Y, i Y,
i > >—>
~7 ° .
J / Phaser diagram .we saw V

\ ‘ / and | in the same phase
k Wave form /




Ex(1). Find the equation of the current (find the sinusoidal expression for
the current) for the cct. shown. Draw .

. : a8 DRm
Solution : v=30sin(377t +20°
, , ( ) AYAVAY
i= |Im sin(377t +20° )
Im=Vm/R =30/5 =6A
.. | =6 sin (377t +20° ) |

Vv
[
©=20°
Q

0 \Y

PN
R o —




Pure Inductance

i =Im"sin®t ,v= L di/dt=L.d(Im sin wt) /dt

V=L Im d(sinwt)/dt =Im.L(coswt).w
=|m.wL.(coswt)=Im.XL .sin(wt +11/2 )

=Vm sin (wt + /2 )

- V1=Vm sin (wt +711/2 )because :- cos @=sin(@ + /2 )

Xt=w.L =2rtf.L (ohm )=inductance reactance in(Q)

Vm

——_

L=inductance(Henery) —H- \
ey

Y= msinwt

—

vL

VR

Phaser diagram :. The voltage is
Leading at the current with 90 °

Wave form da )2 90 Lkl e deaiie 431 @V leads IL by 90 ©




50
4.8 sin (.05t +
i=-4,

@7




/o Pure capcitance \

Ve=Vm .sin wt \F
C= capacitance (farad ) | |

C=c.dv/dt =c . d(vm sinwt )/dt I

| =c. Vm (cos wt ).w=w.c.Vm (sin (wt +11/2))

=Vmsin(wt + /2 )/(1/w.c) T i

=Vm sin (wt + 1t/2 )/Xc VEVINS T |
Ic=Im sin (wt + /2 ) :. Ic Leads Vc by 90 © I.r:_{;._ﬁ
when Xc=1/w.c =1/2nf.c R

\ Xc= capacitive reactance(Q )

Vm

- Im
Ic

3 3ﬁ/ 2 -t -n/f2 T2 Tt 382 b 2n+m/

YT

Wi
Ve lags Ic by 90 Ll (e 5 jalic 4l il




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~~~"

Solution

Xc=250/1=250 Q
Xc=1/w.c=1/2nfc :. F= 1/2n.Xc.c

F=1/ (2x3.14x250 x8x10 ©) =79.5 HZ

7=JR2+ X2 =bR2+2502 ., 7=250/0.5=5000Q

:.5002=R? +2502 : R?>=5002-2502:.R=433Q

8 ufF

250v
foh
NS,
[
R 8 uF
0.5A[
. 250v

S




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 uF
| |
[ 1

W= S et
1 41 H=O Deag

&




J..&Q (édhl‘ &JQMY\
Al gl 0 gal) Ao qugliiall Ll A0
Al el A

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.
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Define : Phase shift, Phase diagram ,Phase angle(9) ,
inductance(L), Capacitance (c ), Inductive reactance (XL),

Capacitive reactance (xc),Impedance(2)

_—
/ Solution: Phase shift:4sil sdll 5 Ll da ga oo shally (3 all \
Phase diagram: 4l sdll 5 JUill cpe IS 4550 55 olad) Jian aladl alada

Phase angle(d): il séll 5 il o ghall (58 J<&5 Al Ay ) 1) laka

inductance(L):cs_ied) sas g3 (il g AL S LAl H g e die Al oSl calal) aatyy (M) aal) jlade
Capacitance (c) s g (ot Balad Jas 3 50 Bas g ) Hlall G W) ) Hlal) Bas g (8l g dauiall dx

DA S clas gl Jagat oy 131 )58 el f ol s SiLal
Inductive reactance (XL) (ps¥!) 82~ g3 (ali g Al jeSI Ll Calall (pe ) Leaay Al 48 glaal) 4
Call ae Lok by jlaie oy
Capacitive reactance (xc), oty ledda Ll 5l oSl Ll dasiall Legadi il 48 slaall 40aS
(ej\ﬂ) [REgY

Impedance(Z) axs, dxuic po daglia | ol pa 4 5lia) de gila pualic Lgad Al KN dailed) 408

S As) — B sS3) ealiall Loy Sl g g3 e laill (i LIDA Jlall (b Sl Ll (48 jids me

(& ... Sliasl anigl halisa 5l (55058




R- L in series
/

Vr=I.R , Vi= 1. XL " - | |

V=+1Vr2 + VL2 RAAN e /
=/(L.R)? + (1. XL) 2 = VR

V= 1,/(R? +XL2)

. Z=V/1 =/ (R2 + X12)
(Q) Impedance of the cct.

tane=VL/VrR=l.XL/LR =XL /R
.. tane= VUU/VR ;. ©=tan 1 VI/ VR 5 XL

e R

)
7

tane =XL/R :. e=tan 1 XL/R
Triangle of Impedance

© =phase angle between V and |

© = 60+ 3145+ 9 30+ Jin(dx 30) 423 90 (e sreal g Jiall (e S) 7 g) 5 Ay g) 3 dad
0= 4l sl 43915 Jla 2 (ULl 4915 = 60- 3145~ 5) 30- Jia(Ohad — 43l il 4y ) 311 Aad)




ﬂx/Rz +XL2 Xl=w.L =314 x 0.1 =31.4 O
Z=./(3.5)% +(31.4)2=31.6Q

|=v/Z = 220/31.6 =6.96 A

©=tan -1 XL/R=tan -131.4/3.5 =tan -1 8.97
1.© =83.63 ° :.i=6.96<-83.63,
i =6.96sin (314t-83.63)Ame

N 7

N
/ 2

~

N

©0=-83.63°

"

/

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

VRr=1.R ,Vc=I1.XC

v=+y/Vr2 +Vc?2 =/(I.R)2 + (I. Xc) 2

V=l 4/ (R%+Xc?

. Z=V/1 = J(RH4X2,  Xc=1/w.c

tane= Vc/VR= |.Xc/l.R=Xc/R

.o =tan! V\¢/VR  Or
wne=XC/R .o =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 (& the current to (0.5A) with the same frequency .

/ C
Xc= Ve /ic 2250/1=250 Q B uF \
Solution = el / | |
Xc=1/w.c=1/2nfc :.f=1/(2m.c.Xc) A
f=1/ (2x3.14x8x10 ©x250 ) =79.5 HZ L ey
f+{:h
Z = /(R+Xc? = \/(R+2502, Z=250/0.5 =500 Q LS
:.5002=R2 +2502 : R2=5002-2502: R=4330Q ]
R 8 uF
0.5A[
. 250v




R-L-C in series 1- If XL > Xc :. VL> Ve

™
A

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

V=|.\/R2 + ( XL — Xc)?

V=Vm sin(wt)
The impedance of the (3
© =tant (VL-Vc)/VR ,\
©=tan? (XL-Xc)/R Vi |
Vi-Ve =V1-Vc
Also : Xi> X : o \
1/the cc.t is inductive . >
g
V \ 2/0 is positive X\
VA
Vi-Vc ™
\ = = > o X —XL XC
| Vr 3/ V1 lead eﬁﬁ,-)h by © R \)/(
C




2/ 1f Xc >XL:. Vc> VL

When Xi< Xc 1/ The cct. Is capacitive

2/e is negative

3/ IT leads ~:VT1 by ©

3/ If Xi=Xc:. Vi=Vc

When Xi= Xc 1/ We have resonance case

R
Xi=Xc :.217f0.L=(2/217f0.C)
.fo =(1/417" L.C)

fr=fo= 1/(2.nV/L.C)HZ

The energy stord in the coil(w,e)

kW=(1/2) L.l joule

esonance series frequancy

N

/

2/ © =0
3/Z =R

4/ Vi=Vc
5/ V1=VRr

: VR
e
Vr =V-VL
Vi
. V1=Vx
Ve




EX(3) : For the cct. Shown Find ( ZT, |, ©, Vz1 ,Vz2 ) draw the phaser diagram .

Z7=/R? + (Xt- Xc)2

Xi= 2mtf.L =2x3.14x50x0.06 = 18.8Q

Xc= 1/2nf.c =1/(2x3.14x50x6.8x10 ) =468.1Q) 7

Z7=/2.52 + (18.8-468.1)2 =449.3 Q
1=V/Z = 230/449.3 =0.5 A

O =tan? (XL-Xc )/R=tan(-449.3) /2.5 F)

.. ©=-89.68°

.. V=230<-89.68° v
i=0.5<0 A

Z1=,/(2.52 +(18.8)2
=18.9650Q)
72 =XC=468.1 Q

2.5 Ohm 0.06 H 6.8 uf

/>

V=230v ,f=50HZ
G o)

|

:.VZ1=1.21=0.5x 18.965 / _ 0
ey ©=-89.68

- VVZ2=1.Z2=1.XC

=0.5x468.1 V+
=234v

v




Post test
[ EX(a) : For the cct. Shown Find (ZT, I, 8 ,Vz1,Vz2 , Vzs )then draw the phaser diagramJ

- Al /1=316 Q,

10 Ohm & Ohm 15 mH 15 Ohm 25|”|”F 1=6.329A A
o — 8 © =18.43°
Zl /2 Z3
Vz:= 63.29v
200 V50 Hz/0 Deg Vz:= 99.998v
@ Vz:=184.49v

Hwo

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

10 Ohrm 01 H 150 Uk > solution I= 14 A
© =45.550
VR= 140v

220 %0Ea0 H=0 Dedg

@ Vc =297v
V1= 439.81v
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4 )
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

/

Tribal test
L",J,\ﬁ\ ks

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

/ A VL \

Solution :- Xr

IR

VR

Ve




R-L in parallel sl el A

lR=V/R , li=v/XL , 1= VIR2 + 112

.|.
|+ =\/(V/R)2 + (V/XL)2 =\/V2/ R2 + V2 /X2 @ R L

lr=v /1/R? + 1/X2 = I/v=y=\/1/R? + 1/X:2 (Moh)
1/Q ,(Siemens) ,(admittance of the cct.) , Y=1/Z,
Z=1/Y IR -
©=tanl(-IL/IR) o v

I

I

EX(1): for the cct. Shown find YT, ZT, IR,IL, IT ,©

Drawing the phaser diagram. I IL
EN
lr=v/R=100/5 =20A, l1=V/X1=100/(1000*0.01))=10A ) R IL
100
lr=Ir2 +12 =207 + 102 =22A s nm
©=tan?' -IL /Ir =tan-1 ( -10/20)=-26.5 | Ir=20A
=26.5° \

Z7=V/|17=100/22=4.545Q I
.
Yt=1/Z7=0.22 moh lL=10A




" R-Cin Parallel

| /R, | / X

R=V/R , lc=V/ Xc

’ Is
= /12 + 12 ' 'Rif l

=/ (V/R)? +(V/Xc)2 R B |7 [0
1=Vy/(1/R2) + (1/X2) C
|/v=Y=\/(1/R?) + (1/X?) IR v
©=tan? (Ic/Ir )

EX(2) : for the cct. Shown find YT, Z7, IR ,Ic, |7 ,0 Vﬂﬂﬂﬁi”“'ﬂﬂﬂﬂtg L
- : 120 V60 H0 Deg, @ Ohm —— 100Uk
Drawing the phaser diagram. “ﬁ

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

Y=1/1/R? + 1/Xc? =/1/52 +1/12 =1.01moh,
|c=100A

Z=1/Y=0.98 Q, or Z=V/I=100/101=0.98 Q, IR=V/R= 100/5=20A
/8°

lc=V/Xc=100/1=100A, IT= vVIR? +1c2=+/20% + 1002 = 101A
e =tan’! Ic/IR =tan-15 =78° |rR=20A




| The general Parallel case

FXL>Xe  wle >0 = /IR + (- [L)?

Zr=1/\/(1/R)2 +(1/Xc - 1/XL)? OR Z=V/IT

e =tan?t (lc-IL) /Ir

IF!C>XL . 1> Ic :.IT=\/IR2+(Ic—IL)2

Z7=1/A/(1/R)2 +( 1/XL-1/Xc )> OR Z=V/IT

e=tan?! (lc-IL) /IR

b3

AV

%RIR ¢L|L

Z1=1//(1/R)?:. Z1=R
fr=1/2.m.+L.CHZ

V1= I1.27,

If Xc=XL (Resonance Parallel case ) :. le=IL :. l= IR

©=0

fr: (Resonance Parallel frequancy)

lc

\-/

VR

\/

|

VR




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

120180 Hz/0 Deyg 100 Ohm

IR0, E— YT

/@V/R=120/100=1.2A , Xe=1/2nf.c =1/2 m x60x25x10°¢ \

.. Xc=100Q , le=V/Xc=120/100=1.2A , XL =2 rif.L =2
x60x0.5

- X1=188.4Q , l1=V/XL=120/188.4=0.63A

lc-11=1.2-0.63=0.57A :. It=/Ir? +(lc-I1)2
= /(1.2)2+(057)2 . l=13A, 22.4° |

lc

o =tan! lc-IL/ Ir=tan! 0.57/1.2=22.4°

Q:V/IT:120/1.3 =920 /

I

<V
o




\

Ex: For the cct. Shown in figer find 1) the source current |7.
2) Active and reactive power and apparent power

/)

Xc=1/2 nx60x20x10°¢ =132.6Q

- XL=2nx60x0.5=188Q
{Solutlon ] Z:>

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

@ V=250<0
f=60HZ

— — 20uF

|L=V/ZL =250/213<62 =1.17<-62 A -
lc=V/Zc= 250/132.6<-90° =1.88<90A , It= L+ Ic
.. |t=1.88<90 + 1.17<-62
.. lcos ©=1.17xcos -62 + 1.88xcos 90 =0.423A
Isin @ =1.17xsin -62 + 1.88xsin 90 =0.79A
. I1=1/(0.423)2 + (0.79)? =0.896A
\@an'l 0.79/0.423 =61.8° :.1=0.896<61.8A
4 _ )
P=1.Vcos e =250x0.896xc0s61.8=105.73 watt (Active power )
Q=I.Vsine =250x0.896 xsin61.8 =197.4 var (Reactive power )
S=V.I =250x0.896=224 V.A (Apparent power)
\ JZ

naH

100 Ok
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m of lecture: \

To make students able to use the (J-operator) to
find total impedance college and college
permittivity and the current and voltage and

phase angle of circuits linking oppositions series
and parallel.

" /




(" )

pretest Define :
\ Y

Impedance , admittance .
And what the units them

Solution :- (Impedance ) is obstruction shown
by the circuit the Tar passing through and
measured in Ohmes.

(Permittivity or — admittance ) is portability
circuit to allow electrical current to pass
through them and measured in semens (S).




B sabucall o) doaladl

G | odandl o leuiiangs| YL e Al s Ll G dandl) Lib 3 pbuall o) dualenld) o el
Y=I/v , Y=1/7
4 )
B=1/X mho , G=1/R mho Z=R+jX(Q)

G= (5¢)dduasil g =1dasd(s) | | Y= 1/(R4jX)=G+IB ()

\_ J

In series connection : Y=1/Y,+1/Y,+1/Y; +...... 1/Yn (if n=any number)

In parallel connection : Y=Y, +Y,+Y;+......+Y




Ex(1) : Find the equivalent impedance for impedances(| 4+3 |), ([3-ja |),

(| 5—j5|)when connected sometimes in parallel and the other in series .

\. Y,
/ _ s Js ) gill Ly y Al 8 MM\QM:YJ \
Solution: 7 =
11Z; = 11Z, +11Z, +11Z, L 1ZT =11 (4+4j3 )+ 11 (3—j4 ) + 11 (5—j5)

ik alial) g Janll Cilalaall Es) ja A o pally

1 _4-J3 3+J4 5+J5  4-J3 3+J4 5+J5 8-J6+6+I8+5+J5
2 2 2 2 2 PR— + + =
. 4-3 3+4 5+5 25 25 50 50
19+J37 - 50
_ + LT s e Jeas G el Al 38 o gy
=) 19+J7
_50(19—J7)

Zt =0.122(19—-J7) -0.122 X 20.24<-20.22Q

2 2
\ 19" +7 =2.469<-20.22Q /




P Js dmilaad) Gluad gl Loy ) Al 87 Ll

2.=7,+2,+Z;, =4+]3+3-j4+5-j5 =12-j6Q)

s Jst gl Ala 8 4IS) daland) Coliaald ;GG

Y=1/7Z  mho . Y = 4+j3+3-j4+5-j5= 12-j6 mho

s Jsi sl Al 8 40K daland) Glaad s Lyl

1/Y=1/Y, +1/Y, +1/Y, Y, =1/2, , Y,=1/Z, ,Y,=1/1Z,

Or:v,=1/z; L Yo=1/ (12 —j6) = (12+)6)/{(12-j6)(12+j6)}

.

:Y.= (12+j6) / (144+36)= (12+j6)/180= 0.066 +j0.033 mho




Ex(2) : 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 .

, L=20460 A
solution ﬂ
I=404-30 &
20030 ) 7, Lo
/é// I, 1=11+12 \

11=20<60=20c0s60 +j20sin60

=(10+j17.3)A o |/ Z=V/I= 200<30/44.68<-3.46 \
12=40<-30=40cos(-30)+j40sin(-30) | _ 4.47<33.46=(3.72+j2.46)Q
~34.6-j20A

Y=1/Z2=1/4.47<33.46
1=11+12=10+j17.3+34.6-)20 Y =0.223<-33.46
=(44.68<-3.46A) Y =0.18-j0.123 moh

%




EX(3) . Find the impedance to the cct when the
POStteSt voltage supply equal to ( 100+j50 v ) , and the

current is flow in it equal to ( 4.5+j12 A) .

\

N \

V=100+j50, )

.V =111.8<26.56 v
1=4.5+j12 A ,

. 1=12.8<69.44 A
Z=V/1=111.8<26.56/12.8<69.44

=8.7 <-42.880)

=(6.37 -j5.92)Q

e

-42,88
/=8.7

J
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Aim of lecture

J

To make students able to learn circuits respectively ringing
and how to access them, and calculate the current and voltage
and impedance at resonance condition, as well as finding the
bandwidth and find a quality factor and how to draw a
relationship between the inductive reactance and capacitive
reactance with frequency.




Ex: Draw the phaiser diagram at parallel circuit ]

[ prEtESt J [ contain (L,c) If Xt> Xc

/T

solution

~

\iR "~ VR




If Xi=Xc:.Vi=Vc

When Xi= Xc

R/esonance series

frequency
XL=XC

.fo =(1/4T] L.C)

:.Zl'l[fo.L:(l{Z]Tfo.C )

>

fr=fo=1/2.n.VL.C HZ

w\=(1/2) L.I’m joute

The energy stord in the coil(w,e)

XL Xc

]}

)

We have resonance case when

1/ XL=Xc
2/Z =R

3/ Vi=Vc

4/ \I1=V/R
5/ 6 =0

6/ Imax is flow

A

Vi

|+
LI

\




Quality factor (Q operator ) : - itis the relation between
reactive and active power at Resonance case

/1) Q=12 . XL/1>.R [ .q=cX/R | 2) Q=2nfrL/R=2m(1/2n VLc) .L/R )

:.Q= wr.L/R = 2rfr.L /R { When resonance case :. Xt=Xc :wr.L=1/wr.c}

\[ .. Q=(1/R) . VL.c ] :.Q =1/wr.R.C= Wr.L/R = (1/R) VL.

J
ﬁmd width (B.w) OR Pass Band 8 w=Fo-f1 \
lrm.s = |m/ V2 =0.707 Im | Active value

fr= m, Q=fr/B.w Im | for current
For the cct. Have Q >10 7&
{f2= fr + Bw/2 , f1= fr- B.w/2}because : 0.707Im | — -
Fr=1/2n+/L.c ‘

I

\ f1 fr ], f /




Q factor of a series resonant cct. Reconsider
the equations for |, VL and Vc at resonance
Vi=L.X , I=V/R, V, =(V/R).X, , Or:
V. /V =X//R .....(1)
similarly ; vc/v= Xc/R

The ratio (capacitor voltage ,voltage, or inductor voltage at
resonancy/ (supply voltage )is a measure of the quality of a
resonance cct.

This is termed the (Q) factor of the cct and it is also known as the
voltage magnification factor .




From equ. (1);

Q= w.L/R ...(2) and Q= Xc/R giving Q=1/w.C.R
Since the coil resistance is often the only resistance in a series
resonance cct, the ( Q) is some times referred to as the (Q) factor of
the coil, Rewriting equation....(2)

Q=(2T1.fr.L)/R and substituting for fr from equation : fr=1/(2]] /L.c)

..Q= [2TT.L(1/2TT VL.c) 1/R which reduces to; Q= 1/R(+/L /C)

It is seen that the Q factor of a series resonance cct. May be

increased either by reducing (R)
Or by increasing the L/C ratio .

The Q factor can also be defined in terms of the ratio of the
reactive power to the power dissipated in the cct. Resistance. Using
this the equations for Q come out exactly as derived above .




Ex.1 For the resonance cct. Shown below find :
1) LVR,\VLVc, in polar form. 2) The quality factor.
3) The band width B.W if the resonance frequency (5000)HZ .
4) The Band width ( B.W ) if the resonance frequency (500) HZ.

—/\E/Ohm N I(

Solution :
1)X,=X. (resonance case ), Z,=R=2,|=V/Z=10<0/2<0=5<0 A
Vg= [.R=5<0x2<0=10<0 V., V,= |.X,= 5<0x10<90=50<90 v
V= [.X_=5<0x10<-90=50<-90 v, 2) Q= XL/R= 10/2=5
3)B.W=f /Q=5000/5=1000Hz , 4) B.W=f /Q=500/5=100Hz




(Z;T he band width of a series resonan)

cct. Is (400Hz), R=10Q Find : Q, XL, L, C

solution :

Q = fr/B.W =4000/400 =10 , Q=X,/R

. X;= Q.R=10.10=1000

X =2TT.fL , L=X//2T].f =100/(2(3.14)4000)= 0.0039 H
In resonance case: X =X_

. Xe=1/(2TTf.c) , . C=1/ (X (2TT)f )

\ C=1/( 100(2)(3.14) 4000)=0.39x107° F J




Ex 3:. A series L-c-R cct. Which resonates at (fr) =500kHZ ,
has L=100 pH, R=25Q ,and C=1000P.f . Deter mine the (Q)
factor of the cct. Also, determine the new value of ( C)
required for resonance at (500 KHz) when the value of (L) is
doubled ( «eelai ) and calculate the new (Q ) factor .

Solution : Q=1/R(VL/C) ,Q =(1/25Q) ( v100 uH/1000p.F) =12.6
When : Lis doubled:
f =(1/2TT)(VL.C) , : C= 1/(4T1% f°xL) = 1/[4TT*x(500kHz)2x200uF]

.. C=500P.F
Q2=(1/25)( V200uH/500p.f) , :. Q=25




N\ A
N\ R
[Impedance and frequency Relation ship ] XL
Xc
A R
XC > 4 (s
R
\__
> f
N\
,Im |Z ’\\ :
/
R \\
fr ”f

X=Xc-XL X=XL-Xc



The relation ship between (Z, |, © ) with frequency (f) For (L-C-R )ccts.
sl Ae slia — Aasia - Cila) il g0 8 23 5l ae (shall Ayl bl | dasladl) o A8

A series L-C-R cct has a
minimum Impedance at

thr resonance frequency.

|= V/[R+j(XL'Xc)]

4

N\

N\

e
F_-
=

Lor
T,

L

o) L-C—R oot

tolGroph of Impedance
versus freguency

(h2Graph of currents
versus frequency

£
(CiGraph of curtent phos
anole versus frequency

X Xc and (X, _ X;) Plotted versus frequency

gl ys, ol | dailaall (pa IS G A8l Jiad Cilyiniall

Jd)ﬂiea‘)jjaﬁ




Because Z= R+J(X_ —X.) ,The Impedance dipsto (R)at Frand

the current peaks . (Imax)

0=0 at fr O Leading below fr, and is lagging above fr,
When 6 =The current phase angle.

| I |=V/VR*+ (X —X.)? , with out reference to its phase angle .
Thus at resonance when XL=Xc ,the current equatlon becomes, | =V/R

vie (Kaile Jil lall o | 2o il HLall Adle w3 (b ) sl (g
CSale J8 Axilaall Laie Joand jlall dad oS o 5l aie J8l g oDle | calaa il
(L) e Bl dmileall )55 Lavie il Aa8 el )
As already noted from (b) the impedance of the series L-C-R
cct. Is largely capacitive at frequencies well be low resonance.
This means that the cct. Current leads the applied voltage by
a phase angle of approximately 90 °. Conversely, because the
impedance is largely inductive at frequencies much greater
than the resonance frequency, the phase angle of the current
above resonance is approximately -90°




The graph of phase angle versus frequency for the series

L-C-R cct ( C) shows the 900 leading phase angle at low
frequencies, changing to 0 o at the resonance frequency,
and moving to a lagging phase angle above (fr )

-~

\_

~
X =2TTf.L , Xc=1/(2.TT.f,.C) , 2.TTf.L=1/2TT.f.C
.. Fr=1/(277)%.L.C
and fr = 1/(2T7.VL.C) HZ When L and C are in henrys
and farad, respectively, Equation gives fr, in hertz . )

: : N
L-C-R ) sill dnilan | pJS&l Llaa 1) Lalde |

Q@u&i@)iwﬁa\aaﬂ\gwﬁwﬁ\gﬂ
- J




EX(4) . Aseries L-c-R cct. Which resonates at (fr) =500kHZ , has L=100

uH, R=25Q ,and C=1000P.f . Deter mine the (Q) factor of the cct. Also,
determine the new value of ( C) required for resonance at (500 KHz) when
the value of (L) is doubled ( «elaai ) and calculate the new (Q ) factor .

Solution :

Q=1/R(VL/C) ,Q = (1/25Q) (V100 uH/1000p.F) =12.6
When Lis doubled:

f =(1/2TT)(VL.C) , : C= 1/(4TT%x f*xL) = 1/[4T]?x(500kHz)2x200uF]
:. C=500P.F

Q2=(1/25)( V200uH/500p.f) , :. Q=25



- m

EX.5 For the resonance cct. Shown ’

below find : Ml

1) ILVR,VL\Vc, in polar form .
2) The quality factor .

3) The band width B.W if the
resonance frequency .

4) The Band width ( B.W) if the
resonance frequency (500 HZ) /’\

m <0

Solution :

X =X. (resonance case ), Z.=R=2, 1=V/Z= 10 <0/2<0=5<0 A
V= [.R=5<0x2<0=10<0 V., V = I.X = 5<0x10<90=50<90 v

V= |.X_= 5<0x10<-90=50<-90 v, Q= X,/R= 10/2=5
B.W=F,/Q=5000/5=1000Hz




Ex6;The band width of a series resonance cct. Is \

(400Hz), R=10Q Find : Q, XL, L, C

solution : Q= fr/B.W =4000/400 =10 , Q=X;/R
.. X;= QxR=10x10=100Q
X=2TT.F.L , : L=X/2T7.f.L =100/(2x3.14x4000)
= 0.0039 Hz
In resonance X =X,
. Xe=1/(2TTf.c) , :. C=1/ (X x2xTTxf )
= 1/( 100x2x3.14x 4000)=0.39x10-6 F

g Y
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Aim of lecture
_J

Student to be able to tell the parallel ringing and how to
calculate the voltage and current impedance and phase angle
and the resonant frequency and bandwidth with the
knowledge of drawing graphs relations with the frequency
and find the quality factor.




-

\_

pretest

~

J

Explain cases that get then resonance series case , and

drawing the phaser diagram at this case .

/Solution

b

1/ XL=Xc

3/ Vi=Vc

5/ 6 =0

We have resonance case when

2/Z =R

4/ \I1=V/R

6/ Imax is flow

N

VL

|+
LI

<

Ve




s ) ooy Resonance Parallel case

If XC=XL :. (Resonance Parallel case

=l s =R

Zt=1/\/(1/R)? :.Z1=R , V1=It.Zr, vT=IT.R ,©=0

fr= 1/ 2.n.vVL.C HZ

fr: (Resonance Parallel frequency)

I




Parallel resonance : —

Y=(1/R) = j(1/X)) +j(1/X)

I

Ik RV

i i

Flhiose diogrom

(cOWaveforms




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

adjusted until X, and X_ are equal, the admittance becomes:
Y=1/R , and the cct. Impedance, R=Z . Consequently,
the current taken from the supply source is |=V/R

The current through (R ) is in phase with the supply voltage.
The current through (L) lags the supply voltage by 90° . This is
illustrated by the phaser diagram (b), and by the cct. Wave forms
in figure (C) When X, X_ 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 I ,I_and |, are the result of the energy stored in the cct.
Being continuously transferred from the inductor to the capacitor
, and back again .




A parallel L- C ccts has a maximum
impedance at the resonance frequency

Samial il (g0 sl Alla a5 el o Uans sl oy Ll Lesie
OmallS Gl Al 8 aadll (e 3 saldll

.F'

i

sl dmiloed] adtle
sapdl Ladl adhle




Ex(1). L-c cct has R=5.5Q, L=68uH, C adjustable from 200 p.f to 1200 pf ,and stray
(U2 #4) Capacitance of 30 p.f in parallel with C. Determine the maximum cct
impedance at resonance.

Sl o Bl (b ) lakald) daadle die Ie
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I=l,.cos © = I (R/X,) , Q=1,/I=X/R,,
Q=w.L/R, ...... (3)

The eq.(3) is exactly the same as the (Q) factor equation for
a series resonant cct. That is the (Q) is
Again the (Q) factor of the inductance.




Resonance frequency

In equation Xc= (R 2+X2)/X, ....(4) IN cct (a) above:
Y=[1/R+jX ]+ j(1/Xc) (@b 2sai ) (R L-jXL)/(RL-jXL):
Y=[ R /(R2+X.2) ] -ji[X//(R2+X?)] +j 1/Xc , 1/Xc=X,//(R?+X?) , Or
Xc= (R 2+X2)/X,
When Q>10, X2 >>R/? also X=X,
This gives the resonance frequency for a parallel L-C cct for Q > 10 :-
f=[1/(2TT.VL.C) ....(5) this is the same as in series resonance frequency .
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Fr=1/2TT.VL.C xy/1-(CRL%/L)

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

af=1./Q




Resonance in parallel cct. s |
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We will consider the practical case of a coil in !

Parallel with a capacitor as shown @)
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resistance is very small , so the equation of the
resonance frequency . Will be :

Fr= 1/(2'”'\/|__C ) ....... ( 2 )

EX(Z) : For the cct shown below find the ’ 25 ~15°0 A
resonance frequency . N

Solution: F = (%T)x J (1/L.c) —(R/L2), = 197 HZ




[ Post test ]

EX(3) : An inductive cct. Of resistance 2Q and inductance 0.01H is

connected to a 250 mho, 50 Hz .
What is the value of the capacitance should be placed in parallel to produce
resonance ?

Solution : F.= (1/2TT)[ +/(1/L.C) - (R¥/L2)

, 50 = (1/2TT)x 4/(1/0.01x C) - 4/(0.01)?

.. C=721 uF




