Lecture 5:Circuit Theory (5)

Combination of elements, resonance CIrcuits,
filters, power in AC circuits
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Combined AC Impedances

Impedance of
combined elements (€2)
‘Resistor: R >0, X =0
= R +j X =<Inductor:R=0,X =wlL
resistance (Q2) reactance (QQ) . .
Capacitor: R=0, X =-1/aC

admittance of
combined elements (1/Q)

/

Y

(Resistor: G =1/R, B=0
= G + B = < Inductor: G =0, B=-1/wL
conductance (1/Q) succeptance (1/Q) CapaCitOr: G = O, B =aC

/\




Series Combination

Z, =2, +Z,+--+2Z,, Y, =17,

YWy 000 |
R L i

Z; =Zx+Z +Z. =R+ joL+(1/ jeC)
1 1
Z; R+j(oL-1aC)

Y, =



Parallel Combination

Y: =Y, +Y, +--+Y,

Ly :]/YT
Y; =Y +Y, +Y. =(I/R)+(Y/ joL)+ jaC
1 1

" Y, (YR)+j(eC-Yawl)




Power in AC Circuits

For DC circuits, power consumption is constant and does not
change with time!

In general, p(t) = instantaneous power
=Vi=V,, | C0S (at+¢,) cos (ot+g,)

max

: 1T
p = time-average power=—[V__ | C0OS | ot+¢@, | COS | wt+¢, | dt

.
_ Vo e oS (Za)t—kgov +¢,}+cos [govgol dt

2T o ~

_ Vi e } cos (2at+¢, + )dt+Vmax L } cos (@, —¢,) dt
T g o T o VY
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Power in AC Circuits (Cont’d)

: V| T
time-average power = ma;TmaX cos (@ —¢,) | dt
0
;

.. p = time-average power (active power)

1
:EVmaX Imax FOS (gpv — @ ) = Vrms Irms FOS ((DV _¢|)
poweﬁactor apparent power poweﬁactor
power factor = cos (gq, — @, )z§/| COS (€0z)
R

= —— = 0<power factor <1
Z:R+1X\/R + X )Filissi

What is the time-average power for resistors, capacitors, and
Inductors?
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Alternative Expression for AC Power

The same value of time-average power can be obtained using
the following formula:

p = time-average power :% Re (V ")

Proof: %SRe (V I*):%Ene (v e | e J(ﬂ|)
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Filters

The filter i1s a frequency-selective two-port network, which
allows certain frequency band(s) to pass from input to output
port, and stops other frequency band(s).

If a frequency-dependent impedance (Z) is combined with a
resistor (R) In voltage divider configurations, different filters
can be realized. Other frequency-selective configurations are
also used.

Filters find wide applications in different applications in
electrical engineering



Voltage Divider as a Filter

.V Z
= It = Out:
A, = voltage gain V.~ Z+R
Z 1 1
— — — Z
‘AV‘ ‘Z+R‘ |1+R/Z \1+R/Z\OC‘ ‘




Voltage Divider (Cont’d)

oV R
= It = Out:
A, = voltage gain V. R+zZ
R 1 1 1
A ‘_‘ R+Z H 1+Z/R |_\1+Z/R \Oc\z |



Voltage Divider (Cont’d)
L _
U'O'O |Z|:a)l_:{O(S.C.), w=0

0 (0.C.), @w=w

1 o (0.c.), w=0
7 |=_— —
© |C| o |Z]=5 {O(S.C.), 0 = o0

(0 (0.€.), =0
=<0(s.c), o=0,
(0 (0.C.), w=0

L
1
o =c= N00—o| z |=‘ ol——=

WL . (0(sc), =0
O—o ¥ L qZ|= 1 ={w (0.C.), ®=am,
cl | ‘aﬁ‘gt 0(sc), w=wx
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