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Sinusoidal Signal

x(t) = Acos(wt + ¢)

» Periodic signals T
» A: amplitude S 7;\ /
» w: radian frequency - L l

[ t
> ¢: phase _A:_ \/ \/

x1 (9
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Time Domain

» Voltage gain against time

For sinusoidal signal:

v(t) = Acos(wt + ¢)

O ANAVAR
0 \/ V

---------------------- Time (second)

v (usually linear scale)
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Frequency Domain

» Voltage gain against frequency

For sinusoidal signal:

V(jw) = Ae/® = ALp = Acos¢ + jAsing

Power
Gain (dB)

Frequency (Hz)
(can use log scale)
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Impedance

A complex resistance or frequency-dependent resistance. That
is, as resistors whose resistance is a function of the frequency
of the sinusoidal excitation.

Zis the
impedance
of each
circuit
element

AC circuits in
phasor/impedance form
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Resistor Impedance

> V(jw) = AL0 |
> (o) = 240 vs(?) C:) l(f)’” §R

Impedance of A Resistor

Vi)

Zg(jw) = o) = RZ0 =R
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Capacitor Impedance

V(jw) = AL0
I(jw) = wCAZT /2

Impedance of A Capacitor

7117

)
7

v (2) i(tj |

p

)

-~

A



Capacitor Impedance

V(jw) = AZ0 <+> o
H({~ 1)
I(jw) = wCAZT/2 s (2) 0 RC
Impedance of A Capacitor
o V(w)
IZC(/W) = @
= Rl —7/2= R(cos — /2 + jsin —7/2)
—j 1
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1
Ze(jw) = —
C(]w) JjwC

Capacitor Rule 1

Low Frequency = Open circuit

Capacitor Rule 2

High Frequency =- Short circuit
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Frequency Response of An Op-Amp

Inverting Noninverting
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Frequency Response of An Op-Amp

Inverting

\%
» Inverting amplifier: Vim(jw) =_——
s
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Frequency Response of An Op-Amp

Inverting

\%
» Inverting amplifier: Vim(jw) =_——
s

\% Z
» Non-Inverting amplifier: VL“’(jw) =1+
S

B 8
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Low-Pass Filter

Rp
Al
1
dB amplitude response of low-pass active filter > We = RFCF
N » 3-dB frequency
» or cutoff frequency
107! 100 10! 102 10°

Radian frequency (logarithmic scale)

R
BTW, lim,, o |A| = R{, lim, o0 [A| = 0
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High-Pass Filter

Zr  jwCsRp

+ Al —_ o2 SN
Vou (]w) Zg 1 + jwCsRg

?

2 dB amplitude response of high-pass active filter
) .
, LA lim |A] =0
o / w—0
= /7

. Rp
107 102 107! 100 10! 102 10° hm |A| =

Radian frequency (logarithmic scale) Ww—00 C

1IN\

High freq. cutoff unintentionally created by Op-amp
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