HE1027 Electrical Principals

Series and Parallel AC Circuits

W1 o




ahp

B%’%‘Q%

39n:8 Y  |nductor in AC Current

VETENSKAP
28 OCH KONST 2%

s

Voltage across the inductor is directly related to the inductance of the coill

and the rate of change of current through the coil
di,

VL:Ldt

From before, instantaneous value of currenti = I, sina = I, sin wt

and %(sian) = 2c0Ss2x

V, =1L %Im sinwt = LI, % (sinwt) = LI,,(w cos wt) = wLl,, sin(wt + 90°)

wL = X; - reactance of an inductor

v,
X, ==

4

UL V| leads I, by 90°

Im

Since v leads i, by 90°, impedance of
inductive element is Z, =X, £90°=iX_
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Capacitor in AC Current

The capacitive current is directly related to the rate of the voltage
across the capacitor and the rate of change of involved voltage

From before, instantaneous value of voltage v = V,,, sina = 1}, sin wt

ic = C%Vm sin wt = CV,,(w cos wt) = wCV,, sin(wt + 90°)
1 ms v, by 90°

— = X, - reactance of a capacitor
I

v,
X, =2
Im

Since i leads v by 90°, impedance of
capacitive element is Zo=X-2-90°=-IX,
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 Combination of different elements
will have total impedances that
extend from -90° to +90°

« If the total impedance is close to
0°, it is resistive in nature

o If itis closer to 90°, it is inductive in

nature

* If itis closer to -90°, it is capacitive
In nature




Frequency and Inductor

o W=2**f
« X = wL=2"m*f*L

If f=0Hz -> X, =0Q

X, (kQ)  f
sk ,f

3L L = 100 mH -
: _-

Increasing L
L = 20 mH

1 I 1 1
0\5 10 15 20 fj(kHy

X, =0Qatf=0Hz

If f=coHz -> X =0 Q)

f=0Hz f= very high frequencies

™ ™

Al bl

Reality: 4@

100 uH

Due to C,

— z,=2mfL ."_’Q
CDueloC,
! L [T T S T T -
1MHz 2MHz 4MHz |6MHz 10MHz
f(log scale)
le———— 7, =27fL ———>

_H O




Frequency and Capacitor e

C = 001 uF

° X = i = 1 | Increasing C
= WC = T ¢ oo
Lr ——
0 510 15 20 _-’f(=kHz)
If f=0Hz -> X.= = Q If f=oHz -> X-.=0Q
f=0Hz f= very high frequencies
r—— O— O O

AZ ()

Reality: |

20

Inductive characteristics
due to L

L1 I
910 20 f(MHz-
log scale)




Series Configuration

 Total impendence is a sum of all individual impendences
L=2 42 A2 A2+, AL,

Z, Z, Z,

o——M\ 00" I
R=6Q X, =100 X.=12Q

Z,—»

O

o Z.=7,+Z,+Z,=R+iX -iX.=6+i10-112=6Q-2Q  Z,=6.32Q/-18.43°

o I=l === =
« E=V +V, 4V +V, +. 4V
* P=El*cos|6.- 6|




Example
Find total impendence, current, Vg, V| and P+
Draw Impendence Diagram

R =30 X, =4Q 1. Convert e into phasor notation
MA 00— e=141.4sinwt=100.0°

2. Find total impendence
@ e = 141.4 sin wt ] Z=Zx+Z,=30+i4Q =5Q £53.13°

3. Find current
I=E/Z+=(100£0°)/(5£53.13°)=100/5 £(0-53.13)=20A £-53.13°

4. Find Vg
Vg=1Z,=20A £-53.13°*30£0°=60V £-53.13°

5. Find V,
V =1Z,=20A£-53.13°*0.£90°=80V «£36.87°

6. Find P;
Pr=El*cos|6c- 6,|=100*20*c0s|0°-53.13°|=2000*c0s(53.13°)=1200W
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Frequency Response for Series AC Circuits

 For ideal resistor frequency has no effect

. X, = 2nfL
1

¢~ 2tfC

v

A 4
A 4

In series connection, element with largest impedance has the greatest
impact
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LR AZ;

* L1=2,+2,

'
»

f
At low frequency impendence of capacitor has a larger impact

« At high frequency impendence of resistor has a larger impact

 Breaking point Is at X.=R

» Since X, = then f = —

27mRC Zr,
capacitive

resistive

\ 4




R-C low pass filter and high pass filter

r—
| |

capacitive

resistive @

v

|

Vg Vg
0,707V--f== 0,707V-4-----"
Band-stop Band-pass
Band-pass ¢f Band-stop :f

RC low pass filter RC high pass filter




Series R-L (Resistor-Inductor) AC Circuit
4Z;

»
»

f
At low frequency impendence of resistor has a larger impact

« At high frequency impendence of inductor has a larger impact

 Breaking point is at X, =R
* Since X;= 2nfL, then f = Z%

\ 4




R-L low pass filter and high pass filter

A 4

O, 3 Q)
Vmax V”J?-X
)
0,707V -, 0707V
Band-pass Band-stop
Band-stop f Band-pass f

RL high pass filter RL low pass filter
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Vinax Vinax Vimx
f‘ f‘ .I:‘ f
f f f
high pass filter + low pass filter = band pass filter
Vino Vo Vi
f f o ¢
f f e
low pass filter + high pass filter = band stop filter




Series R-L-C (Resistor-Inductor-Capacitor) AC Circuit
47

»
»

f
« Since resistor don’t change over time it basically just ignored

At low frequency impendence of capacitor has a larger impact
« At hight frequency impendence of inductor has a larger impact

* Breaking point is at X, =X, -> 2nfL = ﬁ > f = zynl/ﬁ
Zr, | 4
o
R F
> =
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1 1 1 1 1

= + + 4 oo+ —
Zy Iy Zp I3 Zn

E=V,=V,=V,=...=V,

P=El*cos|6.- 6|
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Example
Find total impendence, current, Vg, V| and P+
Draw Impendence Diagram

a

i = 14.14 sin wr

. 1.
' fie fie
p R§1.6m X A= 1250
. 2.
—
3.
4 I
AN 4.
\
N\
AN
36.87° AN
/I\
53.13° SRR S.
v
Ve
///
rd
IR
0.
E

Convert i into phasor notation
i=14.14sinwt=100°

Find total impendence

1/Z=11Zx+1/Z-=1/1.670+1/i1.250=0.5990+i0.8Q
Z:=10 £53.13°

Find voltage
E=1*Z,=(10£0°)*(1£-53.13°)=100*1 £(0+(-53.13))=10V £-53.13°

Find I
|g=E/Zz=(10V £-53.13°)/(1.67Q..0°)=6A~-53.13°

Find I
|c=E/Z=(10V £-53.13°)/(1.250-90°)=8A£36.87°

Find P;
Pr=El*cos|6¢- 6,|=10*10*cos|-53.13°-0°|=100*c0s(53.13°)=60W




Parallel R-L (Resistor-Inductor) AC Circuit

. 1/2,=1/Z,+1/Z,

* In parallel connection, element with smallest impedance has the greatest impact
At low frequency impendence of inductor has a larger impact
« At high frequency impendence of resistor has a larger impact

 Breaking point is at X, =R
* Since X;= 2nfL, then f = 2%

A
Zy

A resistive

R

inductive : >
J
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At low frequency impendence of resistor has a larger impact
« At high frequency impendence of capacitor is larger than of capacitor

* Breaking point is at X_=R
1

» Since X, =$, then f = S2RC

\ 4
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’ZL=2T[fL
« 7. —_1
C_anC

10 uF

At 159.155Hz:
100 mH  Z. = 2w+ 159.155 % 0.1 = 100.90°
o= ! =100£-90°
21*159.155%0.0001
Z,=100,90°+1002-90°=0Q

mA —— mag(vi#branch)

4000 5 / \ .....
2000 ........... :

C 0.0
100.0 150.0 200.0

v
—h

frequency Hz




Suggested reading

Introductory Circuit Analysis

—-Kap 14: 14.2 - 14.9
—Kap 22: 22:1-22.8, 22.11

*suggestions in bold are more important



Suggested exercises

« Kap 14: 5, 17, 35, 37, 39, 41, 43, 49, 53, 55
« Kap 22: 19, 21, 23, 25




