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Find the minimum phase function, H(s).

2. Realize the following DP functions by LC networks of the form indicated.
If the function is not realizable, clearly state the reasons.

a) Foster's lst Form
3 2
+2s+
(i) 2z(s) = s +10s , (ii)  Y(s) S +2s+l

3
2s +4 s +s

b) Cauexr's lst Form

3 2
. S +s .. 2s +16
(i) Y(lsg) & —F——i=== , (1) 2Z(s) = SEpee
s +5s +6 s +16s
c) Cauer's 2nd Form
3 ) 2
; s +2s i s +1
(i1y 2{s) =———7— , (11) ¥Y(s) = 3
s +2s +1 s +2s

3. Determine which of the following are realizable RC DP functions. If not,
clearly state the reason.

3 2
a) 2(s) = Eziéi_igi
s +4s+3
sz+4s+3
Bl Bis) =S o
s +6s+8
52+Zs+0 75
c) Y(s) = —5—————4————
s +3s+2
3 2
a) Y(s) = 5 +5s +6s

sz+55+4

3
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(Clearly draw and label a circuit diagram for each problem.)

1. Realize Y(s) by (a) Foster 1st Form, (b) Foster 2nd Form.

s+ 4s + 3

Tis) = s + 2

2. Realize H(s) by an R-C ladder network.

ks
S+ 7s + 10

H(s)

3. Realize H(s) with a loss-less 2-port network terminated in a 1 ohm load
resistance

ks3

H(s) (s + 1)3

4, Realize H(s) as a loss-less 2-port network terminated at both ends with
RS = 1q, RL = 2Q. (Carry at least 4 digits.)
k

s?2 + 55 + 4

H(s) =
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E-E 448 Analog Filter Design b
One Hour Examination s b7, -
R. A. Birgenhej_er Seneme CAher

December 11, 1986

One Sheet of Notes

Points

30 1. Determine the (a) order, (b) pole locations, (c) H(s) (in
factored form) for a Butterworth filter that satisfies the
following specifications: ‘

i) Rs = 1 ohm, RL = .5 ohms,
ii) Passband attenuation
<0.5 dB, |w|<0.8 rps
iii) Stopband attenuation

>40 dB, |w|>3.0 rps

30 2. Determine the (a) order, (b) pole locations, (c) H(s) (in
factored form) for a Chebyshev filter that satisfies the
following specifications:

i) RS = 1 ohm, R, = 1.5 ohms

L
ii) Passband attenuation
0.5 dB, | w|<1.0 rps’
iii) Stopband attenuation

>40 dB, |w|>3.0 rps

30 3. Realize a 2nd order Bessel low-pass filter for which 1 (0) = 0.5
seconds, RS = 1 ohm and RL = 2ohms. 1i.e., find (a) H(s), (b)
o(s), (e) Zin(S)’ (d) realization (clearly draw circuit diagram -

use 5 significant figures).

10 4. Find the transfer function, H(s), for a transitional filter
obtained from Butterworth and Bessel filters with the following
pole locations:

Butterworth pole locations: -.7071xj.7071
Bessel pole locations: =1.5+ j0.866
(be sure to normalize the Bessel poles so that they are on the

unit circle).
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CHEBYSHEV = TalW)= %
cosh (neeth™tw ) | fwi >
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E-E 448 PASSIVE FILTER DESIGN
Final Examination
Dr. R. A. Birgenheier

December 18, 1986

OPEN NOTES

50 points each

1.

Consider a LPF to meet the follcwing specifications:
(1) Maximally-flat passband response.

(ii) 3dB cut=-off frequency: fc = 15 KHz

(iii) Stopband Attenuation: >20 dB for f>37.5KHz
(iv) R, = R = 1K ohm

P — )
e veA (A eqn
- i

Determine (a) minimum order n; (b) H(s); (c) realization (start with

a normalized LP prototype).

Consider a HPF to meet the following specifications:
(1)  Maximum passband ripple: 0.25 dB for f>120 KHz
(ii) Minimum stopband attenuation: >50 dB for f<30 KHz

(iii) RS = RL = 300 ohms CAHR

Determine (a) minimum order n; (b) H(s); (c) realization (start with

& normalized LPF prototype).

Consider a Butterworth BPF to meeth the following specifications:

{1 3 dB bandwidth: 1 MHz

{(ii)  Center frequency: 10 MHz

'

(1ii) Stopband attenuation at least 20 dB |f| <5MHz and

(iv) R, = R = 600 ohms,

Determine (a) QO of filter; (b) minimum order n; (c) H(s);

(d) realization {start with a normalized LPF prototype).

'ff > 15MHz



Ll’o

Consider a Bessel LPF to meet the following specifications:
(1) v £0) = 10_6 seconds
(ii) 1t (w) has less than 2% error for  <2.5 Mrps
(iii) R_ = R, = 1K ohm
s L
Determine (a) minimum order n; (b) H(s); (c) realization (use

filter structure and element values given below).

¥
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First . ceoncider ahe condlifion Cii)

£ B ks |, We =2TFc =307 K vad /g
Now , considey cendition Ciii) , THIS means
Saepband  Attenustion s > 20dB  for W > 2.5 md/s

WE CAN USE A NORMALIZED LP RBUTTERWORTH EILTER ( FoR esndition (iy)

|

12
| Heen |® = T

JHGOY g = “(0&’3’ Q1+ 021

NN %(wz.s”’) > 20 =  n > 2.5074¢
S0, @)  mintmum ovder n= /
(b)  TRANSE. FIWOF THE NORMALZED FITTER s 0= —/'—E»
nC CS+1) (82 +G<on6)sH) St D(S*+ 8+ D) PEWESE P
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(P2 (S P 2( Sy +1
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S® + ooe 8T 42w S +WE

3
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S?® + 2.X30xyx00¥e* + 2X(goq\~x103)2§ 4 (3OXTXIO®)®

-

_ 3.37163 x10'4 1/

S3 4 1884955692 S + I 7q653x10'°S + € 3TIETx10*
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VMM Y
| l 2u

‘l'”: - IF §[_Q
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N NNNANN

VEETHY VI
P 21.221 UH
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e AN AAG e
Ik 21.22 mH

L .06IxI0°8F = [.06I X108 e i
=106l nF T =G v /
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2. FRET , LET US BUNLD A HPF TO MEET THE FOUOWING CoNDIMONS :

(7 Woshpmm passbonel yipple s ©.z5cR  FOR  w = | vad /o

Gy MRobmuwem gf:-erogoow\o( atfen.x >bodk FTeR w < o.25 vads
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]
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o 8 RB= tMH= —> 27t M vad /¢ = 2w x10¢ yol /g
(We =10 MH= —_ We ==2RIXG ;(|06.._.2-ﬂ~x(()7 Yadz/g
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