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5. SERIES CONFI

Week 5
GURATION IN AC CIRCUITS

The overall properties of series ac circuits are the same as those for dc circuits. For instance, the total
impedance of a system is the sum of the individual impedances:

Example: Draw the impedance diagram for the circuit shown below, and find the total impedance.
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5.1 Series and Parallel Waveforms AC Circuits Resistive Elements
Resistive Elements:
I Vin CT"
m = 1= 1, smwl
Vin = InR +

In phaser form,

V0

I s

Rz0O

V
= \/—Z-Esina)t

v = V,sinwt = V20
Where V = 0.707V,, o
Applying Ohm’s law and using phaser algebra, we have

RE

So that in the time domain,

= V <1
v =V, sin wf
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Example: 1

Using complex algebra, find the current i for the circuit shown below. Sketch the waveforms of v and
I.
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593 v = 100 sin w/

Solution
v = 100sinwt = 70.720 ©

3 V20 3 70.720 = 141420 A

T Zpe0 o 520 0 100 Venmv 3
i = V2 x 14.14 sinwt = 20 sinwt A .

20A K== : L 3 2w
0 .‘E wl

Inductive Reactance

The voltage leads the current by 90° and that the reactance of the coil XL is determined by wl.

v = Vpsinwt = V20 Ci—>
By Ohm'’s law, +
I=X:ZSO=X1LL—9O X, = oL & v=7V,sinot
so that in the time domain,

e,

4
i = V2—sin(wt —90)
Xy

ZL — XLLQO
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Example:
Using complex algebra, find the current 1 for the circuit shown below. Sketch the vand 1 curves.

Solution:
v = 24sinwt
In polar form

V =16.96840

- V V20 1696820 soes e
T Zy X290 3290

i =V2(5.656) sin(wt — 90) = 8 sin(wt — 90)

Capacitive Reactance

1
The current leads the voltage by 90° and that the reactance of the capacitor X¢ is determined by e
v =V, sinwt

In polar form
V=Vs0

Vv V0 vV
I=—=——"— =—_/90

Zc XcL 90 X{_

Vv

i = \V2—sin(wt + 90)
Xc

Zc - Xcé — 90
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Example:
Using complex algebra, find the current i for the circuit shown below. Sketch the vand 1 curves.

solution:

v = 15 sinwt
In polar form

V = 10.605 £0
\ V0 _ 10.605 20

— — = 5.303 A290
ZC XcL —90 22 —90

i=V2 xisin(wt +90) = 7.5 sin(wt + 90)
C

(1) R-L Circuits:

EXAMPLE: Determine the input impedance to the series network and find
i , Vr,VL. Draw the impedance diagram.

R=30 X, =40
Wy 500
e + V. - + v -

(\/ e = 141.4 sin wr i

Solutions:
e=1414smwr=E =100V 20°

R=3(} X, =4Q

MWy 00

4 \..'\‘ 4 ‘.L
@ E=100V L0 I

—
-
-

Z; =54 £53.13°
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E 100V 20
—_— o -_ 20‘ —5 & o
1=, 5025513 AL la

Ve =1Z, = 20A £-53.13°)3 Q £0°)
= 60V, —53.13°

V:=1Z; = (20 A £-53.13°)(4 ) £90°)
=80V ~,36.87°

4/

e - ——————

X;=4Q

)

(2) R-C Circuits

EXAMPLE: Determine the input impedance to the series network and find E , VVr,Vc. Draw the
impedance diagram.

‘NV l\

v = +

Ve

i = 7.07 sin(wt + 53.13°)

=
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Solutions:

i =707 sm(wr + 53.13)=1 =

R=60 JLC-=SQ

Wy \
1=s5z5303°| Y Va- + V-

+

I I E
—
ZT
-

Zr=Z 42, =6Q,0°+80/,-90°=60—j8Q
Zr=10Q £-53.13°

E=1Z;=(5A £53.13°)(10 Q £—53.13°) = 50V 20°

Ve =1Z, = (I LR L0°) = (5 A £53.13°)(6 {1 L0°)

=30V £53.13°
Vo= 1Ze = (I £0)(Xp £.—90°) = (5 A £53.13°)8 Q £—90°)
=40V L —-3687°
J
J A} \\\
R =61 S - B
343 g A3 13— E
AN 36.87° /’/ +
Xe=8Q /
\q(),/ ///
/
\y G

Email: Tarik.Raoof.Hasan@uomus.edu.iq


mailto:Tarik.Raoof.Hasan@uomus.edu.iq

Al-Mustaqgbal University
Medical Instrumentation Techniques Engineering Department
Semester 2
Electrical Engineering Fundamentals AC
Lecturer: Dr. Tarik Raoof Al-Khateeb

(3) R-L-C Circuits
Example :
Ly=2g+Z  +Zc=R+jX, —jX¢
Zy=3+j7—-j3 =3+ j4=54£53.13°
R=30 X=7Q X,=38
W——0——¢

A
T g — Ty - 4

+
e= T70.7 sin wt I-l

-

:l’-

Impedance diagram
E 5040
J=—=— 4/
Zy 5453.13°
Ve=1Zg =3 x10£-53.13°=304-53.13°V
Vi=1Z;, =790 x 102 —53.13° = 704£36.87° V
Ve=1Z2c=34-90%x104-53.13° =302 -143.13°V

= 10£ —53.13°A

F,
A =712 4 i
vL
A N =4 52 A
./ A
4 \b v
\y *
38387 3
o
9 140 s
- A 5313 ) 2 +
L4
,I
Ve /
Vz
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EXAMPLE: Using the voltage divider rule, find the unknown voltages VR,
VL, VC, and V1 for the circuit.

R=60Q =90 l}:;l?ﬂ
Wy ? (V) I\
+ Vg - VLS oyv, -
E = 50V Z30° Vv,
1
} i
X
* V
Solutions:
V. = 7 E _ (6 €2 L0250V L307)
B Zp+Zi+Ze 6020°+9Q 290° + 17 £-90°
__300230° _ 300£30°
6+j9—j17 6—/8
_ 300 £30°

= 13°
10 7 —53.[3° 0V £83.13

v, o ZE _ 0029050V £30°) _ 450V£120°
E= 7y 10 Q £—53.13°

=45V £173.13°

T 10 £-53.13°

v.o ZcE _ (17 Q £-90°)(50 V £30°) _ 850V, —60°
ez 100 £—53.13°
=85V £ —6.87°

10 £—53°

V. — (Z+ZJE (90 £90°+ 17Q £-90°)(50V £30°)
= =
Zr

10Q £—53.13°
= (8 £—90°)(50 £30°)

10 £—53.13°
_M= Toiif o o
=10/ -53.13° 40V £—-6.87
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