Fundamentals of
Electrical Engineering

Circuits with Gapacitors and Inductors

® lilters
® |'hévenin and Mayer-Norton equivalents

® (Complex power




What 1s the circuit doing?
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What 1s the circuit doing?

—jtan" 1 2w fRC




Filtering
vin(t) = A7 cos(27 fit) + As cos(27 fot)
Uin(t) = A1 cos(2m f1t) = Vour(t) = |H(f1)| A1 cos(2mfit + ZH(f1))

Vin(t) = Ao cos(2m fot) = vout(t) = |H(f2)|As 008(27rf2t + LH(fz))

Because the circuit 1s linear, superposition applies

Vout (t) = |H (f1)| A1 cos(2m f1t + ZH(f1))
+ |H(f2)]| Ao cos(27rf2t — LH(fg))

A H(f)l




Iiltering

A IH(f

1
2nRC|
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Cutoft frequency: frequency /. at which

1
H(f.)| = s masc H(P)
For the RC lowpass,
1
HDI= VAT2f2 R2C? + 1
f 1

B 2m RC




Filtering
Several filter types are common.

* Lowpass

* Highpass

* Bandpass
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RC Lowpass in Action
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Vin () = sin(27ft)  vour(t) = |H(f)|sin (2 ft + LH(f))

. 1 1
H — |H 634H(f): 6—jtan 2w fRC
(f) = [H(f)| N e

1 1
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RC Low
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T'he Big P1cture

v=Vel?TIt = [eI?T]? Z——
1
ZR
+
Vin Zc| Vout
<0+
® Series/parallel Sources
eSIS.OrS, V
“shortcuts” can be used Nty
/ . —O-
® '|'hévenin/Mayer- o AN
Norton equivalents = ' i
V '

have impedance , .
“versions” L o S o




Y Complex Power

+ LV
Z|V 7

| V = |V|€j¢, I = \I\eje

v=Vel?mIt = Jel?mTt
)

v(t) = |V]cos(2mft + @) i(t) = |I|cos(2mft+ 0)
p(t) = v(t) - i(t)
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Complex Power

1 | |
v(t) = 5 (Veﬂwft + V*e_ﬂﬁft)

1 . .
’L(t) _ 5 (] 12T ft _I_]*e—jZWft)

V = |V\ej¢, I = \I\eje

p(t) =~ (VI*+ VI + VI 4 Ve 74T

1 .
Re[VI]+ S Re VeIt

DO M DN M | =

1
= —Re[VI*] + 5\V\|I|cos(47rft+¢+9)

1
Pave — §R6[VI*]




Complex Power
1 * - 1 *
P=_VI"  Pue=Re[VI"
V=271

1
VIt = Z|I]? = %|V|2
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Using Impedances

® By “thinking” of each element as a complex-
valued resistor—as an impedance—a general
picture emerges of what circuits do and how they
behave

* Series/parallel rules

* Thévenin and Mayer-Norton equivalents
* Transfer functions and filtering

* Complex power

® (Only applies when the source 1s a sinusoid




