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Second order Circuit

: :

Example

» Find the transfer function.

Z
T(S) = -
( ) Zy + 2>
Hint: By changing Z;, Numerator will ! 5

take different forms and denominator Zy to.

will kept static.

o<
N
<
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| Transfer Function |
cont.
s H(S 1 LC
— Cc = +
M) = psir & (9)=serc+5cA+ 1
c 1
SL+ ! 0 - =
— = R 1
Sc S+ ST +1c
2
2 Wo 2
o = 1 1) S2+ SF +wg
VLC
: R
Band width = g = T (2) Quality factor = Q = % (3)
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: Frequency Response
Magnitude and phase
> Replace ALL S by jw
2
w,
HS) = —32%
() $2 4+ 88 + i
2
w
T(jw) = — 0
() (jw)? + jwg + wg
2
, w
I T(w)] = o
\/(wg —w?)2 + (w@")2
wﬂ
(/)(j(x)) = —tan_1 2—02
wy —w
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Frequency Response
:

Frequncy response (FS) graph

“o

FY -1_%“Q
¢(]W)——tan W

w2
|T(jw)| = .
\/(wg —w?)2 + (w%)2

1. @Qw=2zero=¢=0
1. @ w = zero = 2. @Qw=wy=¢=-90
T = 5 — 1 3. @w=oo= =180

(wh)?

2. @Qw=uwy =
w2
T(jw)] = —==Q
(4
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Summary

Frequency Response

Effect of Q

IT1 =¥y v

Dok =V I 1/2QY) = 1

s Ty OVT=TT0) 0

0707 f———=—

ITi~ 1/w?
O (-40 dB/Decade)

@, degrees
&
S
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—180

—180° asymptot
forall Q

http://Drshiple-courses.weebly.com/




Introduction Low Pass Filter High Pass Filter Bandpass Filter Summary

o o 00 oo
00000 000 00
: :
Frequency Response
: :
Effect of Q (Magnitude)
10
=5
s
Ny
== .| =1.67
; S\ E=
T =125
il
; =\
0707 SeEE \\{ =—
Q=0.707
01 \
01 1 w 10

Hint: at Q = 0.707 (Flat magnitude) wy = w¢
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Frequency Response
: :
Effect of Q (phase)
0
N —— 10
—40f-0 = 1.07 I;m\ Y, 35
.25 2.
0.83 t T
§ 80 05 T
E
< 120 N
160 ~ =
N
=200
0.1 0.2 0.5 1.0 2.0 5.0 10.0

Hint: @ ALLQ¢=0@ w=0and ¢ = -90 @ w = wy
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: :

Transfer Function
:

Example

I
é R
» Find the transfer function.
V
1
Z
T(S)=="_
( ) Z1 + Zg
Hint: By changing Z;, Numerator will L)
take different forms and denominator 4 ¥
will kept static.
p 4 Z1 4
=
40
10
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| Transfer Function |
cont.
SL S2LC
H(S)= —— H(S) = +~LC
(8) R+ SL+ & (9= serc+scR+ 1
SL+ ! 0 S
- = = > afF 1
Sc S2+ 88+ L
82
1 T 521 8% 1 2
wp = —/— 4 Q 0
o=ve ¥

Band width = g = % (5)
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Frequency Response
: :

Magnitude and phase

» Replace ALL S by jw

S2

OS24+ 5% 4w

)2
T(jw) = D)

(jw)? + jwg + wa

H(S)

2
T = —— 2“’2 —
V(@8 — 0?2+ (w%3)
wo
: e
0
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High Pass Filter

Bandpass Filter
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Summary

Frequency Response
:

Frequncy response (FS) graph

w2
ITw)| =
V(6B — w2 + (@)

1. @ w = zero =
|T(jw)| =0
2. @w=wy=
W2
IT(jw)| = ——2==Q

Vg
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o(juw) = 180 —tan~" 9
O.)O—O.)
1. @ w=2zero= ¢ =180

2. @Quw=wy=¢=90

. Qw=00=¢=0




Introduction Low Pass Filter High Pass Filter Bandpass Filter Summary
o] o] 00 [e]e]
00000 ooe 00
:

Frequency Response
:

Effect of Q (Magnitude)

P
|

01

N
Tt

——10

Hint: at Q = 0.707 (Flat magnitude) wg = w¢
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Transfer Function
:

Example
The BPF cct.:
» Find the transfer function. L C
. mm 1l
» compute magnitude, 1 +
hase.
P Vi RSy,
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Transfer Function
: :

cont.

The BPF cct.:

B R 050
R+ SL+ 4
1

SL+ S 0 purely real

1
VLC

H(S)

wo =
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Frequency response
:

Max. and Min. Frequencies

H(S) =

EEC 242

R
- x Sc
R+ SL + So
SCR ,
S2LC+SCR+1 LC
SR
L

2 R 1
S +ST+E

e}

82+Sw—£+w§

The BPF cct.:
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Bandpass Filter Summary

(e]e}
oe

Frequency response
:

Max. and Min. Frequencies

30‘6— increasing R
R N R\? N 1 Tos
Y17 o1 2L LC
R R 2 1 1E+2 1E+3 w (r;Ed-;;ec) 1E+5 1E+6
“e= ot (27) TIc
R High~Q~
Band width = g = T
Low "Q"

Quality factor = Q = %
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H(S) d(jw)
2 “o
o = —tan™! Q
2+ 5% 402 wh —w?
52 s
= =180 —tan~' — 2
S24+ 5%+ wd —w?
S« wo
_ Q -1_“7Q
= o ow 2 =90 —tan”' ———
52 + 88 4+ wi WE—u?
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