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C-TOTAL IMPEDANCE FOR AC CIRCUITS

\/
z}xample of Parallel circuit:

a- Find the total Impedance
C'__—-____—_—\

b-Draw Impedance Triangle (Phasor Diagram)

_—

c- Find 1, Vg, Vi, Vi

g X,=1000

v' Solution  » a- The total Impedance

» The circuit given is already in frequency domain:

Z,=100Q20° =1000Q
Z. =150Q£-90°=—j150 Q)
Z, =100Q£90° = j100Q

>

» Circuit simplification

50£0°V §

—/150Q

{100+ j100Q

©
)I
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? C-TOTAL IMPEDANCE FOR AC CIRCUITS

wv

2-Example of Parallel circuit:

a- Find the total Impedance

b-Draw Impedance Triangle (Phasor Diagram)

c- Find 1, Vg, Vi, Vi

d- Find vy, v, v; using Current Divider

_’ RL’
. A
'c l R=100Q
Vs P g X,=100Q
50V<0° | X.=150Q

v' Solution  » a- The total Impedance

» The circuit given is already in frequency domain:

total —

soev = = (150£-90°)[[(100)+ (100.£90°)]
) = (150£-90°)|(100+ j100)

g = (150£-90°)|(141.42.245°)

Ztotal = [Ytotal ]71

Zioia = (ZC)“(ZR +ZL)

{100+ 1000

1 1 -
= +
[1504—90o 141_424450}

1 » 1 PR o
L = ( m(COS(90°)+j sm(90°))—m(cos(—4o°)+j sin(—45 ))) 1

:( 0.005 +70.0016 )_1

_ : 7). ~1{ 00016 |\~ 1
= (( 00057 +0.00167 ) < tan 1(00000‘3 ))

:(0.00524 < 17.744° )—1 ~ 190<-18°

- Z @w %0
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?( C-TOTAL IMPEDANCE FOR AC CIRCUITS

—/\/v

2-Example of Parallel circuit:

a- Find the total Impedance

b-Draw Impedance Triangle (Phasor Diagram)

c- Find 1, Vg, Vi, Vi

d- Find vy, v, v; using Current Divider

'c l R=100Q
=

Vs g X,=1000
50V<0° | X,=150Q

/1

v Solution » b- The Impedance Triangle (Phasor Diagram)

S L 22 180—j60Q

*]

a ++
SUGAR ADD
e i 180-i60
TO COFFEE E
-0
g
J R R ‘
0 /
Z, O |Xc
Zy
-J
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?-, C-TOTAL IMPEDANCE FOR AC CIRCUITS

— A\

2-Example of Parallel circuit:

a- Find the total Impedance

b-Draw Impedance Triangle (Phasor Diagram)

c- Find 1, Vg, Vi, Vi

d- Find vy, v, v; using Current Divider

'c l R=100Q
=

3 X,=1000
50V<0° | X,=150Q

/1

v" Solution > ¢ 1y Vg, Ve, V.
Ly 22 1%0-1609
= 0563180 md
Z, 190/-18°

Vg =V, z(vR +VL)=5OLO° V

=i, =

v 50£0°

= =333/490° mA

Z. 150/-90°
ve  5020°
Z,+Z, 100+(100£-90°)

=353/-45°mA
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?-, C-TOTAL IMPEDANCE FOR AC CIRCUITS

— A\

2-Example of Parallel circuit:

a- Find the total Impedance

b-Draw Impedance Triangle (Phasor Diagram)

c- Find 1, Vg, Vi, Vi

d- Find vy, v, v; using Current Divider

Ig IBL;

—
|Cl
=

ANV
R=100Q

A

3 X, =100Q

o0V<0°

X,=1500

v" Solution » d- Find vy, v, v; using Current Divider

Z, . (190£-18°)

[ =—i, = \263£18° mA
© z.° (150£-90°) ( )
=333./90° mA
iy = Z, iy = (1902 -18°) -(263.£18° mA)
Z,+Z, > (100)100£90°)
=353/ —-45° mA
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D-Impedance as a Function of Frequency

S|
_/\/
Element Impedance
e . L Z = joL
» The Impedance Z of a circuit is a function of the frequency. 1
C F=—
f‘- w=>0 joC
W 00
» Inductor is SHORT CIRCUIT at DC and OPEN CIRCUIT at high frequencies.
Capac1tor is OPEN CIRCUIT at DC and SHORT CIRCUIT at high frequen01es w=o®
d [ W
ZL = ]G)L WA D L Short circuit at@
—N— ——
Z, >0 @®w—>0 (ShortatDC) -
Z, —>o -0 (Qpenas ® —> o) high hegueneis
1 (a)
L, =—— 6
joC —o o—
C Open circuit at dc
Z.>x w—>0 (OpenatDC) —— —
ZC —0 @ —> O (Qpé as w — OO) Short circuit at
high frequéncies

—

(b)
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AC Analysis Techniques

. Both KVL and KCL are ho@

called frequen in.

 Moreover, the variables to be handled are phasors, which are complex
numbers. e ———

« All the mathematical operations involved are now in complex domain.

- All DC circuit analysis principles apply to AC circuits.
 Voltage Division
e Current Division
e Circuit Reduction
. edance equivale

* Y-Delta Transformation
- T e

96


Mobile User


Example 22: Voltage Divider Rule

— AN

» Calculate the v0 in the given circuit
» Solution:

In the frequency domain,

the voltage sourceis V, = 10£75° 10 cos (107 + 75°) t

the 0.5-H inductoris joL = j(10)(0.5) = ;5
1 1
joC ~ 1(10)(1/20)

1 g
the — -F capacitor is

-'2
20 L

Let Z; = impedance of the 0.5-H inductor in parallel with the 10-Q resistor
and Z; = impedance of the (1/20)-F capacitor

10)(j5
Z1=10||j5=-(—)-(4.—)-=2+j4 and Zp = -2
10+ 315
Vo = Z2/(Z1 +Z2) VS
—J2 - j(10£75%)  104(75°—90°)
o T "—"._'-_._(104750): - = e = TO71.7-60"
2+)4-)2 ! J2.245°

vo(t) = 7.071 cos(10t— 60°) V
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Example 23: Current Divid
—AAN

Find I; and I, in phasor domain, then convert them into time domain

W Q?/mw ?

?3@ B —
i (1) =0.05coq20007

Solution: /—\
1\ 5000 ¥
0.05/0° A ( ="
——
1000

o
I, +
}v

C.,V\T"QV\* ém\‘}o&f c) @Q:(O C\ 99

I
} )5 j500 9
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K\ _ g?oo_\?)'QtDQ‘)C)

Y

eoo-\-j | OO —jS" O

G- 49 609552@0‘1[‘4‘%43') mh
Loz 34 cos(oemt~ 39T

©, 05 5 O;OF%Q'ZLL‘B uz A
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Example 23: Current Divider Rule

— AN
Solution (Cont.):

1, T, +
Y sponsY
0.05/0° A —j500 Q = \Y
71000 © -
L Q
; (R+ joL) - -
Il —_— g o ja)C >
R-jal4——— . 1
]wC R+_]G)L+JR
x 500+ j1000 ol - "
o SUORBO00) _gpsigel o =00 " ne
500+ 71000 ;500 500+ 71000 — 7500
1, =0.079£184°A I, =0.0353524—-135° A

i;(t) =79 cos(2000t + 5(t) = 35.35cos(2000t — 135%) mA

100


Mobile User


Delta-Wye (A — Y) Transformation

— AN

Y-A Conversion:

Z, -

L LTy + Tl + 137, €&

b=

-q> Z.=

] £
Z\Z, + Lals + 157, (-Jf'

Z,
A

()

7.2, + 2,7, + 7,7, e/

2y,

A-Y Conversion:

Z]Z

2

75 =

%

7,+ Z €

Z,+7Z,+7Z, &

i

e,

E

Z,+ 7, + 7. ﬁ,_.
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Example 24- (A — Y) Transformation
—AAN

Find current I in the circuit

Solution:
J42 — j4) 44 +j2) , a0
Lo = = = (1.6 + j0.8) Q 20
w T a+2-ja+8 10 OTOY w—]|
4(8 8(2 — j4 I :
2 =202 p0, z,=0 P oqe-pya B2 | oEa e se | C
10 10 -y
~ j6 Q
The total impedance at the source terminals is 50£0° (9 —3Q :D A-Y Conversion:
Z=12+2Z, + Z, — 3| (Z., +j6 + 8 88 .
=12+ 1.6 +j0.8 + (j0.2) || (9.6 + j2.8) “ vz,
i0.2(9.6 + j2.8 2=l
136 + jog + 10200 *28) L 1,41,
9.6 +/3 2, = Ll
= 13.6 + jl = 13.64/4204° Q | bo SRR
AW c
The desired current is s0/0° (D o0
V 50 00 8Q
1= 0L 3.666/—4.204° A

7 13.64/4.204° 102
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Nodal Analysis

Mesh Analysis
Superposition,

Source transformation
Thevenin theorem, and
Norton theorem

103
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Example 25- Nodal Analysis

— AN

Find i, in the following circuit using nodal analysis

Solution

We first convert the circuit to the frequency domain:

20 cos 4t V (f)

0.5H

NI

20 cos 4t = 20/0°, ® = 4 rad/s 1
IH = joL=j4 N
05H =  joL=j2
1 . 10Q v jAQ \A
01F = ——=-25 MW T
JjoC llv
20,0°V (i) — —j2.5Q 21, < 4
Applying KCL at node 1,
20-Vi_ Vi Vi—Vs 1
10 —-2.5 j4

or

(1 + j1.5)V, + j2.5V, = 20

104



— AN

Example 25- Nodal Analysis

Find i, in the following circuit using nodal analysis i
Solution (continue)

At node 2,

V| - Vz N R
j4 '

o0, +

But I, = V,/—;2.5. Substituting this gives

2V,
_|_
2.5

Vl - Vz
j4

1+ 1.5 25|V,
11 15 ||V,

V, = 18.97/18.43°V

B

11V, + 15V, = 0

V, = 13.91/198.3°V
The current I, is given by

V, 18.97 /18.43°
I, = - = 7.59/108.4° A o= 1. s(4t + 4°
s 25 i_900 —— > i, = 7.59 cos(4t + 108.4°) A

105



Example 26- Mesh Analysis

— AN

Find I, in the following circuit using mesh analysis M

Solution YINO @ 1L e TL’
Applying KVL to mesh 1, we obtain 100

> 8I1+j10(11-I13)+-2j(I1-12)=0 PR I, (D 20,/90° V
(8 -I-]lO —12)11 - (_j2)12 _j1013 = O
For mesh 2, » 20<90+ 412-j2(12-13) -j2(12-11) =0 8Q § @ = —j2Q

4 — 2 = 2L, — (=21, — (—j2)I5 + 20/90° = 0

Formesh 3, I = 5

8 +8 2 |[1] [ 50
2 4-4|lL —30

A, 41617/-3522°
A 68

12=

=6.12/—3522°A — 1, = -1, = 6.12/144.78° A

106



Superposition Theorem

When a circuit has sources operating at different frequencies,
The separate phasor circuit for each frequency must be
solved independently, and
The total response is the sum of time-domain responses of all
the individual phasor circuits.

Example Calculate v, in the circuit of figure shown below using
the superposition theorem. 8Q

v, = 0.2 F g 1 H 0 2 cos 107 A

30sin 51V (£

Answer: V, = 4.631 sin(5t — 81.12) + 1.051 cos(10t — 86.24) V
107



Example 27: Superposition Theorem

—AAN

O Calculate v1 in the circuit of figure shown below using the superposition theorem.

1/0° A

-5 Q
v, 1€ v,
l 100
J :
50 T_jmn i5Q 100 G)o.s[-omA
' L
-
Vi \£
5100
1/0° A D 4-j20 2+j40Q G 0.5/-90° A
Ref.
(b)

Answer:

First we redraw the circuit as Fig. b where each pair of parallel
impedances is replaced by a single equivalent impedance. That is,

5| —-jl0Qis4 — j2Q; j10| —;j5 Qis —j10 ©; and 10| 55 is equal
to 2 + j4 Q.

.To find V), we first activate only the left source and find
the partial response, V. The 1/0° source is in parallel with an
impedance of

(4 -2 N(=j10+2+ j4) and we have: V;;=(4-)2)*il
so that

@ = j2)(—j10+2+ j4)

Vi =140
w= A ji0+2+J4
—4— j28
-———=2-j2V
6—j8 J

With only the right source active, current division and Ohm’s law yield : V1 R= il’

2+ j4 5
Vir = (=0.5/=90°) 4—2)=~-1V
e (4—jz—jw+2+j4)(9
Summing, then,

Vi=mVy+Vig=2—-jj2-1=1-;2 \Y

108




Source Transformation

O d

O b

Example Find lo in the circuit of figure below using the concept of source

transformation.

20 j1Q

4,90° A(H)

Answer: : |, = 3.288+j99.46 A




Thevenin and Norton Theorems in AC circuits

oThevenin's and Norton theorems are applied to ac circuits in the same
way as they are to DC circuits

oThe ONLY additional effort is the need to manipulate complex numbers.

Ly,
Ny — o o ——oa
Linear Linear
+
circuit Vi <—> circuit Iy <*> Zy
0 b L—0 ) —O0 b b

Thevenin equivalent. Norton equivalent

Where; V4, = V,, oc IS the open circuit voltage (PHASOR) between terminals a-b,
I\=1,p.sc is the short circuit current (PHASOR) through the terminals a-b, and
Zy, is the input or equivalent IMPEDANCE at the terminals when the independent
source are turn off. 109



How to Find Thevenin Equivalent Circuit in AC circuits

« First, Open the circuit (remove the load) at the points of interest a-b
1- V4= Open circuit voltage (keep all sources intact). Note: Vth is Phasor

2- Z,= Open circuit equivalent Impedance appears at terminals a-b while all
independent sources=0 (voltage source=SC , current source=0C).

Linear
two-terminal
circuit

Load

Load

W ©

SOl < +089Q

SOl < +09

Original Circuit Thevenin equivalent circuit

110



Example 10.8- Thevenin Equivalent Circuit

Obtain the Thevenin equivalent at terminals a-b of the following circuit.

—ANA
Solution
1- For Zth

, —j6 X 8 _

Z, = —j6|8 = — = 2.88 — j3.84 Q)

8 — j6
Z, -4 j2=22%% 5620
2T AN E T gy T T

120/75° V @)

4

111



Example 10.8- Thevenin Equivalent Circuit
— AN

Obtain the Thevenin equivalent at terminals a-b of the following circuit.

Solution (continue)

2- For Vth

120 /75° 120 /75°
= A o ar
P 120,75°v ()

I, = A, I
1 8 — 6 2

Applying KVL around loop bcdeab

Vo — 4L, + (—j6)1; = 0 ‘
d
hl hz
480/75°  720/75° + 90° . §4Q
Vi, = 41, + joI, = + —-j6 Q —
™R AN T 8 — j6 v
120/75° V (i) e 20 o— ¢
= 37.95/3.43° + 72/201.87° a b
8Q j12Q
= —28.936 — j24.55 = 37.95/220.31° V % %




Example 10.9- Thevenin Equivalent Circuit

—ANA
Obtain the Thevenin equivalent at terminals a-b of the following circuit.
. 4Q  j3Q
Solution AT o a
I()
1- For Vth l
15/0° A 20 0.51
To find V-, we apply KCL at node 1 4 D f ’
_ _ —j4 Q
I5=1,+05I, = I,=10A T -
Applying KVL to the loop on the right-hand side
—1,(2 — j4) + 0.51,(4 + j3) + Vp, = 0 ‘
or - 2 O a
Vi, = 102 — j4) — 5(4 + j3) = —j55 ’
Thus, the Thevenin voltage is y> 05, Vg

VTh = 55/-90°V




Example 10.9- Thevenin Equivalent Circuit

— VNV
Obtain the Thevenin equivalent at terminals a-b of the following circuit.
. . 4Q Jj3Q
Solution (continue) AT o a
I()
2- For Zth l
15/0° A D 20 ¥ > 051,
To obtain Zpy,, we remove the independent source. Due to the T —j4 Q
presence of the dependent current source, we connect a 3-A current o b
source (3 is an arbitrary value chosen for convenience here, a number
divisible by the sum of currents leaving the node) to terminals a-b ‘
3=1,+ 0.5I, = I,=2A
Applying KVL to th loop in Fig. 10.26(b) gi 4:+j3Q \/ a 1
pplying to the outer loop in Fig. 10. gives s s
. . . I l +
V,=1,4+j3+2—j4) =26 —)) °
The Thevenin impedance is U 2-j4Q v o051, V, Q I,=3/0°A
V, 26—
Zy = 7 = (3J)=4—j0.66679. -
d - b 114




Trigonometric Identities

» Sie and cosine form conversions.

sin(A4+ B)=sin Acos Bt cos Asin B
cos(At B)=cos Acos BFsin Asin B

sin(wr +180°) = —sin wr
cos(wr £180°) = —cos wrt
sin(wt + 90°) = £ cos wt

cos(wt £90°) = Fsin wrt

Acoswt+ Bsin wt = C cos(wt —6O)
Where

C=+A’+ B> and 9=tan'1§

Graphically relating sie
and cosie functions.

T » +Cos wf

e

\ ]
+ sin wt

cos(wr—90°) = s wr

~-

\ 180°

|
+ » +COs w!
|
/

S

Y
+ sin !

sin(@r +180°) = —sin or

115



- End of Lecture

—AAN

Questions?
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