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Network Sensitivity to Frequency

Recall the reactance of an inductor or a capacitor.
L

N

X, =wL inQ, for an inductor

1. .
Xc. = —= in Q, for a capacitor
wC

Plots of X, and X. versus w are shown.
Reactance

Note: The inductive
reactance increases
with w. The
capacitive reactance
decreases with w .

y W
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Consider next the series
RLC network. Z

eq
The equivalent impedance is

. 1
Zeq :R+JwL+R

A plot of the magnitude 1Z..1
of Z., is shown. i

Notes.:

1. At low w, C acts as an open

Circuit (e Z_.). L__/

2. As w increases, L
dominates (increasing to «
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2.53 mF 0.1H
£

Example: Plot the v
magnitude of V, n
from O to 1 kHz. 10000 CD 15 Q §VO

. . V -
Using voltage division,

the output V, can be expressed as
_ R | JwWCR
JwL + 5 JwWCR + (jw)°LC +1
Substituting,

Vs

V. = ju(37.95)107°
© ~ j6(37.95)107 + (jw)?(2.53)107 +1

The magnitude is
| Vo | =

10010

«(37.95)10°° '
[437.95)10 +[i1 - e?(2.53) 10

s
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Plot |V,| by substituting 109 Vol
different values of f from
Otol1l kHzwith w = 2mt f.

We note that:
1. At low frequencies,

the capacitor is open | >
0 250 500 750 1000

so V, = 0. Frequency (Hz)
2. At high frequencies, the inductor acts as an
open circuit so again, V, = 0.

This is an example of a frequency-dependent
network and we have shown that its performance
Is caused by the reactive elements in the circuit.

s
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The Semilog Plot

In the previous example, much of the variation

N

L

in the low frequencies is difficult to see. A
standard technique to get a more meaningful
graph is to plot the frequency on a log axis,
expanding the low-frequency portions.

10 4 Vol Vol
10 _
semilog
plot
: > } } -
0 250 500 750 1000 100 10 102 103
e Frequency (Hz) Frequency (Hz)
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Natural Frequency - Series RLC

Recall the transient response of the series RLC

N

" network. R L
_I\M_/VW\_
+

s (Y 7

| . , R 1
Characteristic Equation: s+ —s+ — =0

L LC

Roots: S,,S, = —E * HEG I i

2L 2L LC
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The circuit is underdamped when RO < =
PLH LG

We get i, = e (K, cosw,t + K, sinw,t)

where

q=1 o = 1
2L > JLC

The circuit is undamped when R=0. We get

2— 2
W, :\/ooo - O

. = K, cosw,t +K, sinw,t

Note: w , is the natural frequency of the circuit.
o 5
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Series Resonance

Consider a series RLC network with a voltage
source v (t) = V_cos w t volts, where V_, is constant

and w is variable. Find the magnitude of the

current as w is varied. 1
jJob  jwC
Transformed Network 1€
_|_ e
Let V. =V0OO° V, I SR

The input impedance IS
1 [

Z- _R+J%‘OL_(})CE
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Solving for the phasor current, we get
"V V0°

[ = Vs =

Z R + i L] = iD
& ocH
The current magnitude is

V V

[=— =

\Zm\ 5, O 1 f
\/R +%0L—EE

Note: 1. When w =0, the current is zero.
2. Asw - o, the current approaches zero.

s
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The circuit is at resonance when the magnitude of
the current is maximum. The frequency is called
the resonant frequency w .. We get

1
wlL-——=
w,C
or
W, = —1 rad/sec
° JLC
Note: Recall that w , is the natural frequency of
the

series RLC network. Thus, when a sinusoidal source
of frequency w, is applied to the series RLC

&)network, resonance occurs.
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Series Resonant Conditions

The frequency of the applied voltage source is

W, = —= rad/sec

JLC

The input impedance is REAL and is a minimum.

(1)
(2)

(3) T

i

(4) T

Z =R

ne source voltage and current are in phase.
ne input power factor is unity.

V

ne current magnitude is I = X a maximum.

(5) The series RLC network is an electric filter.
s
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Current Magnitude vs. Frequency

A plot of the current magnitude versus frequency is

“ shown below.
Imax —————————————— Imax — X
Imax ___________________ R
J2

Wy (DO W, w, rad/sec

Define frequencies w , and w ,, where the

magnitude
ét)of the current is 0.707 of the maximum value.
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Atw =w,orw = w,, we get

=ty -1V

\/imax \/iR
or U 1V
1D2 2 R

\/RZ ' %ﬂ.—wc%

Simplifying, we get R? + H»L - ig = 2R?
N wC [
or .
wL-—=%xR
wC
ot 5
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PRI S m
w,C ™
Atw =0,
ol -—=-R S ol ¢
e W W,
Note: At 0 =w NI
1 wC
w,L-——==0
w,C
ot 5
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Solve for w ;. From w,L - P -R, we get
w, C
(*)1 + E(L)l — i =0
LC
which gives
R , AR, 1
= —-—+ + —  rad/sec
Tl \/DZL 7 LC
Similarly, we get for w,
R R
W, ‘i+\/%2 g rad/sec

s
(._%)
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The angular frequencies w, and w, are called the
half-power-point frequencies.

At resonance, I=1__ = %
2 \V?
The poweris P=P__ =1 __"R = Y
Whenw = w,orw = (dz; iImaX = i!
2 J2 R

s
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Bandwidth

The range of frequency for which the magnitude of
the current is greater than or equal to 0.707 of the
maximum value is called the bandwidth.

BW =w, —w, rad/sec

Using the expressions for w , and w ,, we get
BW = % rad/sec

Note: The smaller the BW, the more selective the
network.

s
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Q -
Since BW = % and WL - ooC
W, L 1
Qs ooOCR

s

Cu\»)

Quality Factor

The quality factor Q is defined as the ratio of the
resonant frequency to the bandwidth.

Note: Q is a measure of the
selectivity of the network.
The higher the Q, the more

selective the network.

=0 we get

BW W, — W,

0 =00 1000 1200 2000
Frequency (Hz)
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The resonant frequency w _ is not centered
between the frequencies w , and w ,. From

oolL—i:— and oozL—L:+R
w, C w,C
we get
w,L - Sy =y w,L
W, w,C
or
((,01 +(D2)|_:L+L
w,C ,C
(0, +,)LC= S
wl (*)2
s
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Simplifying, we get

(0 + ) LC = 2=
W, &,
or 1
LCc %
Since W, = —, then

VLC
W, = /0,0,

Note: The resonant frequency w , is located at the

geometric mean of the frequencies w , and w ,.
s
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Voltages at Resonance

RSV

1
. At resonance, Z,,=R. job  jwC
._Vs_V o + 1—1+VL-+\I}-
I = Z—.n = E 10 VS_ I I )
The voltages are
V, = VvaOo0°
v = RI = V[I0° = V,
VL = Jw,LI = oL
V. = 1 T 1= LVD - 90°
jw, iw.C w,CR

<l 3
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Since
WL = i

° w,C
Then\/_L = —=V..
Also, since Q = WL = ML
R  w,CR

0

then V, = QVO90° and V. =QVO -90°
where V is the RMS input voltage.

Note: For a high-Q circuit, the magnitude of the
voltage across L or C may be very HIGH!

s
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Example: Consider a series RLC circuit with the
following values: R=500Q, L=1H, and C=10nF.
The source is 220 volts RMS. Determine the
resonant frequency, the half-power-point
frequencies, the bandwidth and the quality factor.
Also find the voltages across L and C at resonance.

The resonant frequency

1
w, = — =10,000 rad/sec
vLC
or
f =% =1591.5Hz
2TT
ot
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The half-power-point frequencies
R , JAR[, 1

= - + +

T \/DZL 5 LC

= -250+10,003 =9,753 rad/sec
f, =1,552.3 Hz

o= R. BRE.L

or

4+
L LC

=10,257 rad/sec
f, =1,632.5Hz

or

s
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The bandwidth and quality factor

BW = % = 500 rad/sec

=159.15 Hz
W

=—° =20

Q BW

The voltages across L and C at resonance
V., = QVO90° =4,4000090° V RMS
V. = QVO -90° = 4,4000 - 90° Vqye

s
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|I| ods |I| 0.45
(A) 0.4 4 (A)0.4—— Cu rrent
Cu rr_ent **I Magnitude
oat Magnitude 1 (semilog
o.é—— 0.2 plOt)
-0 % % % —— ] 00 : : { |
1 2 3 f(103) 100 10! 102 103 10¢
Frequency (Hz) Frequency (Hz)
|VL| 4.5 |VC| 4.5
(kv) *T  Inductor (kv) “T Capacitor
Voltgge Voltage
.| Magnitude .[ Magnitude
Al | : . f (Hz) of | | |
100 10! 102 103 104 100 10! 102 103 10¢
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Natural Frequency - Parallel RLC

Recall the transient response of the parallel RLC
network.

N
\

I<> R§ L V = C

Characteristic Equation: s +—5 +i:O
RC LC
Roots: S,,S :——1 T H—l G—i
- TMT?2 0 2RC T \VM@RCO LG
-
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01 of 1
The circuit is underdamped when %FC% < c

We get v, = e (K, cosw,t + K, sinw,t)

where

— 2 2 _ =
Wy =4yW, —A0 o = —— W, = —

The circuit is undamped when R=w., We get

V, = K, cosw.t +K, sinw.t

Note: w , is the natural frequency of the circuit.
o 5
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Parallel Resonance

Consider a parallel RLC network with a current
source i(t) = I cos w t amps, where I_ is constant

and w is variable. Find the magnitude of the
voltage as w is varied.

Transformed Network

= 100° T . 1
Let IS I010 IS<> v §R %J(d_ ; o

/1

Input admittance

1.0~ 10
Yin_R+JE*)C wL%

s
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Solving for the voltage, we get

vid $ - 1010 :
in o+ - =
= X ml_)

The voltage magnitude is

e e

1 ] 1

=+ C-_—
\/R2 T LH

Note: 1. When w =0, the voltage is zero.
2. As w - o, the voltage approaches zero.

s
(._%)
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The circuit is at resonance when the magnitude of
the voltage is maximum. The frequency is called
the resonant frequency w ..

or

Note: Recall that w , is the natural frequency of

the
parallel RLC network. When a sinusoidal source of
frequency w, is applied to the parallel RLC

&)network, resonance occurs.
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Parallel Resonant Conditions

(1) The frequency of the applied current source is

W, = —= rad/sec

VLC
(2) The input admittance is REAL and is @ minimum.
Y. =1/R

(3) The source voltage and current are in phase.
The input power factor is unity.

(4) The voltage magnitude is V = IR, a maximum.

(5) The parallel RLC network is an electric filter.
s
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Voltage Magnitude vs. Frequency

A plot of the voltage magnitude versus frequency is
" shown below.

N

Wy (DO W, w, rad/sec

Define frequencies w , and w ,, where the

magnitude
_+ of the voltage is 0.707 of the maximum value.
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Atw =w,orw =w,, we get
1 1

V="V, =—=IR
V2 V2

I :iIR

4 W2
s

or

1 1 2
Si lifying, t _+HA)C——g:—

Impilrying, we ge R2 5 ol 5 RZ
or

s
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1 1
——w,C——— =+ —
" ol R W~
Atw = w ,,
(ch—i:—l I I
w,L R
Note: At w =w _,
woc—i:
WL
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Solve for w,. From w,C - Ly = - l, we get
w,L R
2 1 1
+ —w —-——=0
2 TRCM T LC
which gives
1 11 g 1
= — + + — rad/sec
™ T T 2RC \/DZRC - e °Y

Similarly, we get for w,

1 11 g 1
= + + — d
™2 7 9RC \/DZRCD [C "2/seS

s
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Bandwidth and Quality Factor

The range of frequency for which the magnitude of
" the voltage is greater than or equal to 0.7071 of
the maximum value is called the bandwidth.

BW =w, —w, = % rad/sec

N

The quality factor Q is defined as the ratio of the
resonant frequency to the bandwidth.

R
Q= D _ w,RC = — rad/sec
BW w,L
Note: It can be shown that W, = w/oolcoz.

s
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Example: The antenna of an FM radio picks up
sighals across the range of 87 MHz to 110 MHz.
The radio’s circuitry must be able to reject other
signals except the station you want to tune in to
and amplify this signal as well. The circuit below
operating at resonance can perform both of this.

+
T +

Vs V.  4(103)V > R L CTVo

Determine the values of R, L and C that would
allow you to tune in to your favorite station
(91.1 MHz), boost this signal by 100 and have a
quality factor of 40 at this frequency.

s
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VSCP V 4(103)V<> RS L3 CcTV

At resonance, VO =1R
V, = 4(103)V.R (1)
At the resonant frequency, we want the output

| . 1
voltage to be Vi, = 100V, (2)

Equating (1) and (2), we get
4(103)V.R = 100V,

4(10-3)R = 100
R = 25 kQ

Department of Electrical and Electronics Engineering - 40
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We wish to achieve resonance at 91.1 MHz.
wy = 2nf,=572.4 x 10° rad/sec

Quality factor is defined as Q = :V(i/ and the

bandwidth of a parallel resonant circuit is —

RC
Thus, we get 1
BW=% -+
Q RC
40
or c= 2 — 2.795 pF

woR  572.4(10°)« 25(10°)
The inductor value is found by
ot E 1 | = 1 .
JLC ooOZC I H.
s
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Below is a plot of |V,| given |V¢] = 100 mV.

|Vo|1o_‘_____
9l | It can be shown that the
gl : half-power frequencies are
-+ | f, = 89.97 MHz
|
61 | f, =92.25 MHz
|
ST |
|
T |
3+ |
|
T |
14+ |
|
85 90911 95 10 is 110 [(MHz)

s
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Two-Branch Parallel-Resonance

Consider the circuit shown. If we drive the circuit

N

" with a current source, maximum voltage will be
achieved at resonance.

R 1
Zin_> _ = —
job | jwC
The input admittance is
+ JwC

Yin = .
R + jwL
o 5
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Rationalize the first term

r 1 R-juL b 6C
""R+jel R -jal
_ R-jwL .
_R2+oo2L2+JwC

Separate the real from the imaginary term

v = R L4 C - wL [
"TRr 2 BT R+ oF
At resonance, the input admittance must be

minimum. However, deriving the resonant

frequency this way is difficult.
) d Y Yy
C_*)
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Let’s adopt slightly different definition of
resonance: when input admittance is real.
Set the imaginary component to zero. We get

w. L
w,C = 0
> R+
Simplifying, we get
R + wlL* = i}
C
or
W, = = Eig rad/sec
LC [LQO

Note: If the first term is very much greater than
the second term, w , is approximately equal to that

_i of the series or parallel RLC network.
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Resonance with Constant o

Resonance can still be achieved for a network with
a constant angular frequency if either L or C is
varied. Consider the series RLC network shown.

Let v (t) = V,, cos w t volts, _ L
where V_ and w are Jad - jeC

constant. Let us find the + —=
magnitude of the current as 7_ I § R

heaptessor current is -

SOV vooe
Z, A

R+J%‘OL_RE
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The magnitude is

I = i = v
Zin
Zol e,y 1D
- wcH
The magnitude of the current is maximum when
1
wL-—=0
wC
or oy i
wrL

Note: The capacitance is set so that the circuit is
tuned to a chosen frequency.

s
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Electric Filters

Networks consisting of inductors and/or capacitors
that are used to pass signals at certain frequencies
and block signals at other frequencies are called

electric filters.
There are severa

(1) A low-pass fi

frequency is

types of filters:

ter will block a sinusoid whose
nigher than a cutoff value.

(2) A high-pass filter will block a sinusoid whose
frequency is lower than a cutoff value.

(3) A band-pass (band-reject / notch) filter will
pass (block) any sinusoid whose frequency

falls within a

=

specified range.

> Department of Electrical and Electronics Engineering - 48



Definitions
<-Voltage gain, G(w ) - ratio of () = Vo

output voltage to input voltage T

Passband - range of frequencies wherein the
voltage gain is greater than some value a .,

Stopband - range of frequencies wherein the
voltage gain is less than some value a

Cut-off Frequency, w . - frequency at which

the magnitude of the voltage gain is 0.7071 of
its maximum valu
Half-power

We = ﬁ(max | Gy(w) |) frequency

Note: At unity gain, |V (w /)| = 0.7071 V,

er:, Department of Electrical and Electronics Engineering - 49




Ideal Filter Response

P G, (w)I]
Low-pass
Filter
1G,(w)]
High-pass
Filter

I's

Passband

Stopband

Stopband

W w

Passband R

W . w
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Ideal Filter Response

& |G, (w)]]
Band-pass

- Stop Pass Stop

Fllter band band band
Wey Wi W

|G, (w)]
Band-reject ; stop]  p

. ass ass

(NOtCh) Filter band |band band
W 4 W

I's

C2
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Practical Filter Frequency Response

|G.(@)] |G.(g)]
T Low-pass Filter High-pass Filter
G Gl ——————rmm ===
=G ) LG :
I
| |
I I
| I
| i | .
0, W 0, W
| [ . |G ()] .
G,(w )c! Bandpass Filter L Notch Filter
l ol
+G

_ Weq Weo (6))
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Low-Pass Filter

Consider the series RC circuit shown. The source is
given as V. (t)=V _cos w t volts, where V_ is

constant and w is variable. R
AN

_ 0 + +

VS _ VRMSDO VS g\)) L - VO

) JwC i

Using voltage division, the output voltage is
V, = 1/]00.(: Vg = 1 Vs
R+1/jwC 1+ jwRC

s
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The voltage gain is |GV(°P )|

Gy () = @ 3
s 7
L |
1+ JwRC
And the magnitude is
1
G, (w)|=
| G, (W) | 7 o?RC

Note: 1. When w =0, V,=V. As®w - o,V - 0.
2.V, decreases with frequency.

2. The circuit is called a low-pass filter.
o 5
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The cut-off frequency is defined as the value of
w whenV,=0.707 V__,.

V, = L Ve = iVS
J1 + (wRC)? 2
which gives
1+ (wRC) =2
or 1
w. = — rad/sec
RC

Note: Recall for an RC circuit, T =RC.
s
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High-Pass Filter

Consider the series RL circuit shown. The source is
described by v.(t)=V_cos w t volts, where V_ is

constant and w is variable. R

NV
V, = VO0° V, (~ jal 3V,

Using voltage division, the output voltage is

V. = Joo.L
R + jwL

Vs

s
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The voltage gain is

1 ________________________
L JwL i )
G,(jw) = N\
v(Jw) R + jal 2 : V,
And the magnitude is i :
wlL W, 6V
| Gy(w) |=
Y JR? + @2

Note: 1. When w =0, V,=0. As®w - o,V - V.
2.V, increases with frequency.
2. The circuit is called a high-pass filter.

s
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The cut-off frequency is defined as the value of
w whenV,=0.707 V__,.

V. = WLV m» iV
JRI+@2 V2
which gives

R? +w.°L* = 2w, L2

or

W, IE rad/sec

Note: Recall for an RL circuit, T =L/R.
o 5
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Example: Consider a high-pass filter with R=100Q
and L=20mH. Find the output voltage when the

inputisv,=100 cos wt volts, and R

a) w =500 rad/sec

b =10,000 rad/sec nY ] =
) © rad/ Vs jol 3V,

a) Z, =j(500)(0.02) = j10Q
V., =70.71000° V

{10
° 7100 + j10
10090°

= (70.71) = 7.040184.3° V
100.505.71°

Department of Electrical and Electronics Engineering - 59
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We get v, =9.95cos(500t +83.4°) V

by Z,=j(10,000)(0.02) = j200Q
- 3200

° 100 + j200

2000090°

. (70.71) = 63.24026.6° V
223.6063.43°

(70.7100°)

We get v, = 89.4cos(10,000t + 26.6°) V

Note: The cutoff frequency for this filter can be
shown to be 5,000 rad/sec (795.8 Hz).

s
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Voltage gain vs Frequency

1G(D)] 14

N

0.8+
0.7-
0.6+

0.4+

s
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Example: Given the + Ve 4V -
series RLC network. Show 1€

that we can produce L I;SSHFH
different filter types by Vg C@
getting the output across

the various elements. V. = VI 0
The voltage across the capacitor is

o T 'Lc
R +jal+ 15 - (j0)? R )L

Thus, the voltage gain at the capacitor is given by
39.6(10°
GV((’O)C = 2 3( . ) 6
-w +62.9(10°)jw+39.6(10°)

_|_
10 Q Vi
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And the magnitude of the gain is
39.6 x10°
| Gy (W) |c=
T (62.9%103w)? +(39.6 x10° - o?)?
At w =0, we get |G (w )|, = 1. As w approaches

infinity, |G,(w )|. 2 0. We have a low-pass filter
by getting V, across the capacitor.

Similarly, we can get the gain across the inductor

G () = jol ~ - oY
V L ] -, |
o T 007 R )

2

W
| Gy(w) | =
T 62.9%103%w)? +(39.6 x10° - 62 )2
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At low frequencies, |G (w )|, = 0. As w
approaches infinity, it can be shown that |G (w )|,
- 1. We have a high-pass filter by getting V,

across the inductor.
The gain across the resistor is

an I ) juR ()
VTR TR+ ol + %ooc (Jo)* + jw(l%) T %C
% 3
| Gy () I = e

J(62.8x10%w)? +(39.4 x10° - o?)?

Plot the gain at different frequencies to determine
the response. We can see that we have a band-
pass filter by getting V, across the resistor.

s
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Voltage gain vs Frequency for C, L, and R

y Capacitor ~ Resistor Inductor

| f(HZ)
1009 10t 102 103 104 10° 106
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Active Filters

Thr filters we have discussed so far used inductors
and/or capacitors only and are called passive
filters. A drawback of passive filters is that it
cannot generate a voltage gain greater than one.
Also, inductors are generally bulky and are not
readily available in precise values.

Filters utilizing operational amplifiers are called
active filters. They are more commonly used in
practice as they can amplify the signal (G,(w) > 1)
and only use resistors and capacitors to generate
the primary filter types.

s
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Active Filters

The equivalent circuit for the op-amp derived for
the constant source is also valid for the sinusoidal
steady-state case. Recall the equivalent circuit for

the inverting amplifier:
7 Equivalent Circuit
2
® Z ——] —
4 1 + Z Z +
+ + 1 _2V
Vs : v, Z, N\ Ve
.- I ® - C _l_ o
The ouput voltage is V, = —Z—VS
1
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Active Low-Pass Filter
The equivalent impedance is:

Z, = Ry
and R,
Z, J‘l”C , —
Ro joC V, =
Z,= 2
JOR,C +1

The output voltage for the V. = Z, VA
. . . . 3 . o) S
inverting amplifier is: Z,

o 5
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For this circuit,

R%
B Ri

joR,C+1 >

R%

—— 1R C+1—-

Vo_ J 2 VS_
Ib‘l

The magnitude of the voltage gain is

RZ
| Gy(w) |= A 1

J(@R,C)? +1

Note:
1. When w =0, |V,|=R,V/R;. Asw -,V - 0.
2. V_ decreases as frequency increases.
3. This is a low-pass filter.
13
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Voltage is at a maximum when w =0. The
maximum voltage gain is

R%
|G,y (0=0) |2 AT
JWR,CP? +1 Ry

w=0

The cut-off frequency is E of the maximum gain.
Thus

R%l i 1 RZ

i JR,CP2+1 V2R,

W

which gives
1+ (w.R,C)* =2
i
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And the cut-off frequency is

1
W. = —— rad/sec
¢ R,C /

Note:

1. The cut-off frequency is similar to the cut-off
frequency for the equivalent passive filter.

2. The maximum gain is greater than one if we
choose R, > R,.

s
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Active High-Pass Filter

The equivalent impedance is

R
Z, =R, + WA
JwC R, C
. —VW—(
5 - JORC +1 + +
T jwC Vs Vo
and Z, =R, =

The output voltage is

Zz_ 'J(A)chv
° 7. 1+jwR,C °
1 JORy
oile
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The magnitude of the voltage gain is
wR,C
Note: Y1+ (R,C)°
1. When w =0, V,=0. Asw - o,V 6 - R,V/R,.

2.V, increases with frequency.

| Gy (w) |7

3. This is a high-pass filter.

As w -2 o, the term w R,C >> 1. The maximum
voltage gain is
wR,C

| Gv((’o) |: \/1 + (OQR1C)2 T R—l

s
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The cut-off frequency is 1 of the maximum gain.

J2
Thus s wcR,C :i&
J1+(R,C2 V2Ry
w:C 1

J1+ (weR,C)? 1 J2R 2

Squaring both sides of the equation, we get
(C)”  _ 1
1+(wR,C)> 2R,
2(wcR,C)* =1+ (wcR,C)?

((*)CR1C)2 =1

_ 1
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Example: Find the voltage gain
when a) f,= 100 Hz

b) f, = 10 kHz
—— N\N\——
First, we get the T
equivalent impedance, ‘_/5
Z, =500 Q '
3
Z, = 5(107)

jw e+ 5(10%)(64)(10°)+1 jw(0.32)(1073) +1
The voltage gain is

Z, __  5(10%)/500 _ _ 10
Z,  jo(0.32)(10°)+1  jw(0.32)(1073)+1

Gv(w) =~

s
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And the magnitude of voltage gain is

10
| Gy (W) |=
J02(0.32x1073)% +1

a) At f, = 100 Hz:
w, =2nf, = 2n (100) = 628.32 rad

10
|Gy () [ =
= /628.322(0.32x1073)? +1

|1Gy(w,)] =9.8037
b) Atf, = 10,000 Hz:
w,=2nf, = 2m (10,000) = 62,832
&d(w,)| = 0.4967
ot 5
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We can show that the cut-off frequency is
1 1

° R,C  5(10°)64(107°)
w. = 3,125 rad/sec (f. = 497.4 Hz)

1G,(F)] 10
) Voltage gain
L _____ vs Frequency
5T |
5+ I
o :
31 I
I
21+ I
1 |
100 10° 10° f'1=03 104=f(HZ)
<l 3 -
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Example: In an undergraduate laboratory class,
you were asked to implement a high-pass filter with
a cut-off frequency at 4.8 kHz and a maximum gain
of 20. When you went to get the components, you
learned that there are only three capacitor values
available: 33 mF, 33 u F and 33 nF. Determine the
capacitor and resistor values to use.

The cut-off frequency in rad/sec is
w.=2nf.= 21 (4.8x103) = 30.16x103

Def@3A38E the corresponding resistor value

required by substituting the available capacitors:
= L or Rl = 1
R,C w,C

We

s
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_ . — ] —
At C=33mF: Ry = 55 ohoonos = 1m0

AtC=33uF: R/'=10
At C = 33 nF: R,”= 1 kQ

Going through the components, we find that only
the 1kQ resistor is available. Choose C = 33 nF
and R,= 1 kQ . Finally, get R, value:

R, = R;x(required gain) = 20 kQ

20 kQ |G, ()] 20 - -
NN 184
16+

1 kQ 33 nF Y —
—NMN—( 124
+ + 10+
8__
Vs V, N
— _ 4__
© T ° q
ci) i 010 100 102 10° 10¢ 105 f(Iilz)
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