Electric Circuits Prof. Shayla Sawyer Fall 2014
ECSE 2010 CP21 solution

What is the damping ratio, ¢?
How do overdamped, critically damped, and underdamped circuits behave?

Review 1)

1) Second order circuits

R L Lo, C
1E-3 1E-9

@VS

a) H(s) = VC(s)/V(s) when R=10.1kQ

1
Hig = VelS < ~ 1 ~ 1
(9= V(9 1 sC 2 divide top and
T Rr+sL+— SCRp+sCBL+— SHC+sCRr+1  pouompyLC
C S
1
H(s) = C
> RT 1
SH—st—
L~ LC
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Also can write as (will uselater)
RT wp = i
w02 20w = T 0 LC
H() = 5
s +2[Qwgls+ wqg

R a
T [C i . (= —

=—0— damping ratio

¢(>1 overdamped case real poles two different real poles

(=1 critically damped -6db at wc attenuation of gain!

double pole
(<1 underdamped complex pole can get resonance!
1 1
— . LC
H(s) as sgoestoO LC _ 1 H(Jw):Tzl
1 -
c LC
1
. 1
H(s) assgoesto — goesto 0 H(jw) = Tc goesto 0
s b
2
w
This is a low pass filter and a rolloff of 40db also known as the slope of the stopband at the
pole w2 or s"2 =2*20log ()
RLC series vout = V¢ second order low pass filter
1 1
If R4 :=10.1kQ Lq:=1mH Cq:=1nF — =1x 1012—
1--1 S
12
H(9 = — 10 s . 10110° 5 05 10°
s +1.01010 s+ 10 o o
1
wo = =1x 106—
le:l S

¢:=-> =505s Thisis >1so OVERDAMPED
W
0
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H(S = 5 7
(S+ 10 )Ees+ 10 )
Zero: none
pole 1075, 10°7
5 1072
s< 10 ? =1
(105) f107)
10° < s< 10" 1072 10°
7 S
(9tk10")
7 102 1012
s> 10 (99 2
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12
. 10 1
H(jw) = z 7[! - -
10°10° (1 +4% |1 +12
105 107
w < 105 1 20og(1) = 0
1 db
105 < w< 107 W _ZOEC
10°
7 1
w > 10 —2 —40£
w dec
10°110’

Overdamped case: two different real poles
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b) H(s) = VL(s)V/(s) when R=10.1kQ

. \2
H(s) = —32 H(w) = jw(Jw) jw
=
L LC 10 10
32
Hs when s goes to 0 - "0
LC

Hs when s goes to=

NI EUN
I
'_\

This is an overdamped, second order high pass filter
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If Rq:= 10.1kQ

1 1
M:: 1mH »(»;JA:: 1nF m =1x 1012—2
S
52
H(s =
& +1.01m0 s+ 10*2
2
S .2
H(s) = N (jw)
(S+ 105)|163+ 107) Hw) = v

10°10° (1449 ) fq 4 J@
105 107
zero: double O

pole 10"5, 10"7 (105)2

——— =001
10°110
2
2 . w b 2010g(0.01) = —40
5 ———— w< 10 5 7 0—
<
s< 10 ( 105)E6 107) 10 10 dec
2 1 w2 w db
5 7 S S 5 7 ——= 20—
10° < s< 10 — - 10° < w< 10 1Pne Y 107 dec
(s)EGlO ) 10 1
10°
— =001 2010g(0.01) = -40
-
10
2
1 w
2 7 E
S
s> 10 -1 w>10 100107 W2 0 db
SE 10°110’

Overdamped high pass filter, two different
real poles
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¢) H(s)=VR(s)V(s) when R=10.1kQ

Vout = Vg
R
ES
H(s) =
R 1
S +—B+—
L LC
EE
H(s)assgoesto 0 H(g=——=0
Lc
R
—s
Ly
H(s) as s goes to « 32 -
Check the "middle" rewrite as % where
s +2as+wqg R
200= —
L
1
Look at resonant frequency wo = c
H(s) as s goes to jw0
200dfjw)
=1 At the resonant frequency

—w02 + 20L(jw0) + w02
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Second order bandpass filter where w0 is the resonant frequency

1 1
If Ri= 10.1k2 La=1mH Ca.:= 1nF — = 1x 1012—2
L€y g
208
H( = =
S +2as+ wo
1.01EL07S
H(s = 2 7 12
s +1.0100 s+ 100
7
1.0100 s
H(s) = z -
(s+ 10 )(s+ 10 )
1 01ELO7S 7
H(s) = . . 1.01010 jw
(s+ 105)|163+ 107) Hw) = 5 7D j j
10°10° (1 +4% |1 +12
105 107
zero: 0

pole 1075, 10"7

- db
10110 °32 20— 20log(1) =0
1 dec

e 105 1.01ﬂ07m w< 10°

7 101010 °32— = 1,010 °11.0170°
5 7 7 s 10100 5 7 w
10°<s< 20 10100 B—— 7 10° < w< 10 s
(S)Eﬁlo ) constant

7 7 10100 C—2 db

s 10100 : 0%

s> 10 1.0100°3 = w>10 w? 20 e

(9l S -

10°110°
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Overdamped, bandpass filter

Bode Diagram

(Bap) aseud

(a@p) apmiube

Frequency (rad/s)
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2) Second order circuits TEAM ASSIGNMENT

1 ~ A2
N\ A 1l

1E-3 1E-9

a. H(s) = VC(s)V(s) when R=2kQ

Rza:: 2k
1
H(9 = LC 1 121
— =1x100 = Roa 61
> Rt 1 L1[Cy & 22— ox10°=
SH—st— s
L~ LC 1
12
10
H(s =

32 + ZIZLO6 + 1012
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6 2

10

H(s) =
S+ 106

Zeros: none
Poles 1076 double

If Ra= 2k

12
10
H(s) =

52 + 2|ZL065+ 1012

12
10
H(s) = 5
s+ 106)
zero: none

pole: double 1076

s< 106 =1

s> 106

correction -6 db
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6 6
10 10
H(9 = —_—

equivalent to two cascaded first order

s+10° |\ s+ 10° filters

This is a critically damped second order circuit

critically damped low pass filter

1 1
1mH A%l{\ = 1nF =1x 1012—2
1--1 S
6
2010
= =1x ]_06
2
1 1
Wo= |[—— =1 106—
le:l S
(=—=1s This is = 1 crictically damped
wo
12 1
H(jw) = —G——
1012 jw 2
1+ _6
10
< 10° 1 20Mog(1) = O
12
10 w > 10" _t db
2 2 40—
S w dec
10°110’

Critically damped case: double poles, Low pass filter
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b. H(s) = VL(s)V(s) when R = 2kQ

L2
2 .
H(s = — H(w) = 'w(Jw) jw
iR L 1+]—5 1+]—7
L LC 10 10
1 1
It Rg.:= 2kQ kg= 1mH Ga.= InF T 1x 1012—2
1--1 S
2
S

H(9) = 2 6 12
s +200 s+ 10

. \2

2 Hw) = =09

s 12 2
HE = —— 107 (), Jw
(s+ 10 ) 106
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zero: double O
pole: double pole 10”6
ends at
2 1 w2
S 6 —— db 20log(1) = 0
< —_
s< 106 - > w< 10 1012 1 40 o
(10°)
2
6 52 > 106 112 wz consant 0db
s> 10 =1 w 10 w
S 2
(109
correction -6 db
Critically damped case: double poles, high pass filter
3) Underdamped cases of the RLC series circuit
R Lo C
AW SA0A ]
1E-3 1E-9
a.) H(s) = VC(s)/V(s) when R = 1kQ
H(s) = ! -9
- LC If Rg:= 1kQ Lge= 1mH Gq=100 °F
2 R 1
ST+—st—
Lo LC Ry 61
T T X1 1 121
Ly s —— -1x10°=
L1[Cy P
12 6
10 10
H(s) = A%’\227:5><105

52 + 106s+ 1012

1 1
Wow= [T = 1x 106—
le:l S

(= =05s

underdamped

This is the resonant frequency

This is <1 this is avery
wo specific case of
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H(s) sgoesto0 goestol

Still a low pass filter

H(s) sogoestoinfinity goestoO % db

At the limits you can start like a critically damped bode plot.

Critically damped wo = wcutoff (were the

same)
1
At wo evaluate |H (jwo)| S0 our H(s) H(s) = Lt = LC T
convert to H(jw) = (jw)z + 20w+ —
P sr— LC
1 L LC
2
remember wy = —
LC
woz woz remember 05= > 0 a= 05w
= Wo
Wy +20jwy + wy 20100
. 2
) Yo 1 = -1
H R, -
[H{io)] 2x 05w ]
[H(1wo)| =1
20Iog(|H(jw0)|) = 0db so we have a known point at wo and we ELIMINATED the

correction or gain loss so we have a better passband. It was -6dB

Damping ratio of 0.5 gives you a flat passband with a 40 db rolloff, better than cascaded first order filte
b.) H(s) = VC(s)/V(s) when R = 1.41kQ
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H(s) =
(9 C
2R, L
L LC
12
10
H(s) =

52 +1.41 % 106S+ 1012

H(s) sgoesto0 goestol
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If Rg:= 141kQ L= 1mH =100 %F

R
—1 =141x 106}
Ll S

 141x 10°
' 2

1
m'_\/ L1ICq

IS

= 7.05x 105

1
=1x 106—

s This is the resonant frequency

This is <1thisis less
underdamped than the
previous

Still a low pass filter

H(s) sogoestoinfinity goestoO

[Flio)] = 7
20Iog(ﬁ} =-301 dB

So now this pointis -3dB at wo

c.) H(s) = VC(s)/V(s) when R = 1.41kQ

1
H =
() C
52+ES+—
L LC
12
10
H(s) =

52 + 1053+ 1012

2
Wo

2
Wo

2 20w

- 2+2' +
Wo Jwg + Wy

Wo

1
24—

e

woj

If Rg.:= 1009 Jago= IMH

This is the resonant frequency
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_a This is << 1 this is very
S on 0.05 underdamped
0
H(s) sgoesto0 goestol " Still a low pass filter
H(s) sogoes toinfinity goesto0 _40$
2 2
|H(iw)| = 10 Wo _ Yo
_woz + ZOLJ wo + woz 2(1(.&)0'1'
20log(10) = 20 dB
_ o 1
So now this point is 20dB at wo now o = 0.05w, 2[(])_o5woj B 0.3
2[0.05=0.1

This creates a peak, a large one
and is not necessarily a good low pass filter
Aflat passband is ideal remember.

10 J 102 =10

Basic process summary for second order circuits:

Overdamped

Critically damped

Underdamped

1>(>05

(=05
(<05

Bode plots
Find real poles, regions, analyze

Use critically damped approximation at the limits
Find correction at wo

Correction is a -db of some value

Correction is 0db

Correction is positive db (Strongly underdamped which means there is a
peak)
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