Electric Circuits . . . Prof. Shayla Sawyer Spring 2015
a  What isahigh passfilter?

What isalow pass filter?

What is the cutoff frequency for afirst order (RL or RC) circuit?

What is a Bode magnitude plot?

What is a Bode phase plot?

What isa 3dB point?

What isrolloff?

What does 0dB imply for atransfer function?

What is a bandpass filter? a bandstop filter?

Can we build a bandpass filter or bandstop filter with afirst order circuit?
What isgain, K?

T T TQ@ o0 o

1) Plot the Bode plots for the following functions

1000
3 H(s)= (s+1000)

1of19



Electric Circuits Prof. Shayla Sawyer Spring 2015
Hiiw) = 1000
(jw) = jw + 1000 Three ways to do this. (2 in H(jw) 1 using H(s))
1. Using H(jw) and ratio comparison
factor out 1000 1' we = 1000 pole: 1000
1+ 4% zeros: none
1000
Look at what happens before, after and at corner frequency ranges
1
w<<<1000 H(jw) = To0° 1 [H(jw)| =1 20og(1) = 0
+
, 1 db n=1 db
1 - - - 20—
Ww>>>1000 Hjw) = — H(jw) o - n20 oo slope 20 o
w) w
W= we H(jw) = 1 1 , _1 1) this is the
jw) = — = . [H(jw)| = 20log =-301  _orection
1+ 1000 1+ \/5 \/E
1000
2. Using H(jw) directly
Look at what happens before, after and at corner frequency ranges
1000
w<<<1000 Hijw)=—— =1 [H(jw)| =1 20og(1) = 0
1000
, 1 db n=1 db
1000 — - — 20—
Ww>>>1000 H(jw) = =X H(jw) o - n20 oo slope 20 o
w) w
w= wc Hiw) = 1000 H(iw)| = i 2010 i - 301 this is the
(iw) 1000j + 1000 | @ )l \/E 9 \/E correction
1000
=0.707

\l 10002 + 10002
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2. Using H(s) directly

Look at what happens before, after and at corner frequency ranges

H(s) = 1000
s+ 1000
1000 . _ _
5<<<1000 oo [H(jw)| =1 20og(1) = 0
1 db n=1
$>>>1000 1000 H(s) . -nEZOE slope
S S
S=we we know there is a -3db correction here

Phase Bode Plot for part a)

Spring 2015
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Slope changes occur here for a total
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j = -0.573(dey

o

j100

1000

1+

=100

for w

£ H(j1000) = -45deg

Z H(j10000) = —90deg

1000

1000  ,, j1000

for w

) = -84.289(deg

10
1

Students, you can check all Bode plot and transfer function with two lines of code in

MATLAB!

atan

1000

10000

1+

=10000

for w

Mattlab check

H=tf([1000],[1 1000]);

bode(H);grid

Bode Diagram

e B
O ) A
N
F-—-+-—=—==-===F /==~
=== ===}
Loy

| | |

| | |

| | |

| | |

| | |
s ] S m e ——
-t ===/ ===
- I-_/ZO----L_--_-1]
R U A g =
S

| | |

| I

| | |

] | I

| | |

| | |
Iy s A e e ———
H--=-4+-—=—==—- - -+
S S DR
JE I E .

| | |

| | |
[ e I

| | |
I E e A

| | |

| | |
T e B
CCZIZICZCZCZOCZCZCZIZCCZZCZ]
Pt = === ==
R R

| | |
I N
F-—--+-—===-===F

| | |

| i i R

| | |

| | |

1 1 1

o o o
°c % 8 8
(@p) apniube

Frequency (rad/s)

4 of 19



Electric Circuits Prof. Shayla Sawyer Spring 2015

1000°
” His)=r—
(s+1000)
o 1ac® pole: 1000
H(jw) = 2 double
(jw + 1[103) zeros: none

when w is less than wc, then wc value dominates
when w is great than wc then w dominates
when w is = to wc then it becomes 1/squareroot2

110°
W<<<<1000 Hiw)=——=—=1  [|Hge)| =1  20og(t) =0
(1&03)
6 1
>>>>1000 ) oc—
w Hiw) =120 HOW = g ® opo=gg P
w dec dec
6 6
. 1110 . 1010
W= we H(jw) = ” [H(jw)| = >
(leLO3 + 1&03) 3)2 2)2
(mo ) + (mo )
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1110° o _t
- _ 2
22 (V2)
J 2110
6 1 -nBdb
20100 129 | - 6001 20Iog(zj - 6021
2010

Double pole gives you a -6dB attenuation which is
2*-3db!

Phase Bode Plot for part b)

6

H(jw) = 100 Remember in polar form what we can do with angles
(jw + 1[103)2
1110° ata”( 6] =0 (£)0 - (£ 0.057deg)2 = Odeg
- 1110
forw=1 | 3)2 1
or w= i
ZH(j1) = Odeg 11+ 1007 gan| —— | = 0.057(deg
1110
Z H(j100) = Odeg 110
for w=100 2 (£)0 - (£0.573deg)2 = Odeg
/£ H(j1000) = -45deg (100 + 1120%)
Z H(j10000) = -90dey 5
1010
for w=1000 22 (£)0 - (£ 45deg)2 = —90deg
(j 1000 + 1010 )
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Change is -n*90 degrees or 180 degrees with a -90 deg/dec slope

All of the change happens at 0.1w and 10w, so we can focus on those frequencies

Mattlab
check

[1 2000 1000000]);

H=tf([1000000]

bode(H);grid

Bode Diagram
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c) 32
H(s)=10
) (s+100)(s +10000)

L\2
H(jw) = 103~ (Jw_) dominant term in numerator will be the same
(jw + 100)[{jw + 10000) no matter what frequency range.

expect -40 db/dec at

poles: 100 and 1*10"4
slope

zeros: 0 double zeros at zero mean a n*20 at the start

Do sequential but a zero at zero is a dc steady state problem so we don't do this in AC steady
state

Regions
w <100

4 take dominant terms
100 < w< 10

u)>104
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(w)2 wz in the numerator is +40ﬂ slope
w <100 (100) [{10000)
(100)2
To find out exactly where we -————— =01 2010g(0.1) = -20
are, we need to plug in w=100 100710000
4 W 200 202 g
100 < w < 10 10— 4 w in the numerator dec ope
(w)[10000) 110 is

109 _ 1 20log(01) =-20  yepitis the same

at w=100

110*
lOElELO4
at w=10% ——— =10 200og(10) = 20 This is where that slope
110* ends
4 2
w>10 w
10 (w)Qw) 10 This is a constant

200og(10) =20 dB

Phase Bode plot ¢)
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.\ 2
H(jw) = 10- Uw)
(jw + 100){jw + 10000)

w=1
L2
1
ZH(j1) = 105- UL)
(j1 + 100)[{j1 + 10000)
this is 0.1 of pole 1
w=1

2
10
ZH(j10) = 105 (10w)
(j10 + 100)[{j10 + 10000)

SKIPPING 100 for a second to see what happens 0.1pole and 10pole

w = 1000

(1000w)>

Prof. Shayla Sawyer

atan(ill) =0.573[deg

—4
1010 _
atan( ; j =573x 10 “Ideg

2
£ 0[0£90) T
20(20)
L0+ /180-/0- 20
10
atan| — | = 5.711d
100 eg
2 001290)° 1
20(20)
= 0,057
10000 0
1
2180

1000
atan| —— | = 84.289(deg
100

ZH(j1000) = 103

(12000 + 100)[{j1000 + 10000)

Crossed a pole and the angle changed

w =100

2
100
ZH(j100) = 103~ (100w)
j100 + j100 +
(100 + 100)[(j100 + 10000)

2 001290)°
£90(£0) an _1000 = 5.711deg
10000
Z0+ £180-490-4£0
Z90

by 90 degrees

100
atan| — | = 45(d
( 100) ™

2 001£90)°
100
£45(£0) atan| ——— | = 0.573(deg
10000
L0+ /180-/45-,0 2135
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89.427(deg

o

This is athe second pole

10000

w =

£ 000/90)°
790(< 45)

(100004)2
(110000 + 100)7j10000 + 10000)

= 1003

ZH(j10000)

245

Z0+ £180-4£90- 245

=45

180 - 90 - 45

j = 89.943(dey

10°

100

j = 84.289(dey

10°

10000

atan| —

10°

(1&0%)2
i 1010% + 100)dj 111

atan

£ 0002/90)°
790790

0

O5 + 1000

7

2Hj109)

Z0

Z0+ £180 - 4290 - £90

Matlab check

tf([10 0 0],[1 10100 1000000]);

bodeplot(sys);grid
>> setontions(h.'MaalLowerLimMode'.'manual’.'MaalLowerLim'.-60)

>> gys
>> h

Bode Diagram
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2) Bode plot-multiple stages

R1
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1

Vi n

2'A%%
100

ELERLRE R RLELLERRR LR RLENERRRRR] LYY

H1(s)

a. Draw the above circuit as a three stage network. Indicate the transfer function for each stage.

Answer: already done above

H

IIIIIIIIIIlllllllllkfllllllllllll Enmnm

+

EEEEEEEEEEEEEEEEEEEEEY

él_
N
-

oy

OPAVP
R4

90k
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H2(s)

b. Determine the transfer function, H(s)=Vout(s)/Vin(s) for the circuit

S S
Hl(S) = R = 3
<+ 1 s+100
Ly
Ry
Ho(9) =1+ — =10
Rg
Ry
L, 110°
Hg=—F = 6
o+ 2 s+1010
Lo

H(s) = Hq(9)Hy(9)Ha(s) = 10E(

C

0.001

H

EEEEEEEN NN EEEEEEEEENEEEEEEEEEN RN EEEEEEa
MV
lllllllllIIIIII;:IagIIIIIlllllllllll

o

H3(s)

Rq := 10002
Ly:= 0.1H
Ry := 90KS
Rg := 10k
L, := 0.001H
R, = 1kQ2

10110° = 1 x 10

110%3

s+ 1[103) [(15 + 1&06)

c. What is the gain of the circuit?

(s+ 110%) ds + 12209

32 + 1001000(s + 1000000000

The amplifier stage incoporates the gain, K=10.

Vout

Spring 2015
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d. What are the poles and zeros?

Zeros: 0 3 5
Poles: 1007,100

e. Sketch an approximate bode dB-log plot fo the magnitude

6 6
1003 H(jw) = 10D( 100 fw

H(s) = 105(

s+ 1&03)L€s+ 1[106) jw + 1ﬂ03)[ﬁjw + 1E106)
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6
110
Three 10— =0.01
regions lD.OSD.D.06
where exactly the slope ends
1710°
— dB
w < 1[103 10 3 6Eb 20— dlope 0.01E1EL03 =10 20log(10) =20
11010 dec
6
3 6 100
110" < w < 1110 10— =10 constant 20og(10) =20
6
w010
6 7 db
o0 110 -20—
w>110° 10422 g, - 110 20" Slope
2 w
w
For an ending 1ELO7 —1 20log(1) =0 db
point on the 7
raph 100
grap w= lElO7
Make corrections.
-3db at both corner frequencies
For phase
Zeros:
0 1[103,1EL06 Need to find what happens for wcn, 0.1wcn and 10wcn
Poles:
2
1110°5100
ZH(j100) = 10 £ 00[(0£90)
j100 + 1EL03) Iiej 100 + 1[106) £0(£0)

Z£90
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4
1010
6 4 atan 3 = 84.289(deg
1010 G010
ZH(j100) = 10DL J £ 0[0£90) 140
- 1
dano?) + 110% ) faro?) + 110 "s0(2 0) -
atan S = 0.573[deg
7 10110
1
wey = 1EL03 Can just draw line between them for now shoudl be <45 degrees but can
calculate
5 110°
w0.1p2 =100 atan T 1= 89.427[deg
1010
£ 00£90)
100 mtﬁmo ) =
AH mo = 10D[|E6 [BEG ) £90(£0) 1E1LOS
1[10 + 1ELO 1007) + 1[10 atan = 5.711dleg
110°
Z0 1
7
7
atan 1010 = 89.994[deg
110°
LEG 1010° g 1010 £ 00£90)
<H mo DE 3 £90(£ 90 !
[61&0 + 1[10][&[61[10 ) + 1&0 (£90) 110"
atan = 84.289(deg
110°
Z-90 1

6
wep = 1010
calculate

Can just draw line between them for now shoudl be <-45 degrees but can

Spring 2015
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Matlab check

>> sys=tf([10000000 0],[1 1001000 1000000000]);
>> h=bodeplot(sys);grid

o ‘ ‘ Bode Diagram ‘
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40dB

-40dB

-60dB

fog(w)

180

-90

-180

log(w)
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