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1 Problem 15.28

(a) The lower cutoff frequency will belong to the high pass stage, and the upper cut off
to the low pass stage. For the high pass:

S
H(s) = — =2
(8) S+1/RHCH

where wo,, = ﬁ
Ry =1/2nfuCh) = 1/(2m x 200 x 50nF) = 15.9k2

For the low pass:
1/R.CL
HS) =—"—————
() S+1/R.Cy

where we, = ﬁ
R =1/27frCr) = 1/(2m x 2000 x 50nF) = 1.59k2
The bandpass filter gain is 20dB, which means
K =R¢/R; =10

The designed bandpass filter is shown below:

q{ —_—

Figure 1: bandpass filter for problem 15.28

(b) Combining the 2 stages gives:

s 1/R.CYL,

H(s) = 10 - )
(5) 0 s+1/RyCy s+ 1/R.Cy,
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s 2m(2000) 400007s

H(s)=10- : =
(s) s+ 2m(200) s+ 2m(5000) (s + 4007)(s + 40007)

wo = y/we,we, = V4007 - 40007 = 3973.8rad/s

_— Jw(400007)
w) =
I = Gw + 400m) (jw + 40007)
, 400007)(3973.8.290°
H (jun) = 7o G0N )

(3973.85 + 4007)(3973.8; + 40007)

(400007)(3973.8290°)
(4167.8/72.45°)(13179.7/17.55°)
= 9.091£0°

(d) gain = 20log(9.091) = 19.17dB
(e) The graph is shown below:

Bode Diagram
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Figure 2: Bode diagram plot for problem 15.28

2 Problem 15.45

From Problem 15.44, you just need to find the order of the low pass filter and high pass
filter.

HPF: slope = 1oomu07m0y = 57-23dB/dec ».n =3
LPF: slope = pomasio sy = —97-23dB/dec -.n =3
P15.45 (a) Unscaled high-pass stage

$3

(s+1)(s2+s+1)

th(s) =

2



The frequency scaling factor is kf = (wy/wo) = 400m. Therefore the scaled transfer
function is
(s/4007)3 53

H, (s) = _
m(s) (/4007 + 1)[(s/4007)2 + s/4007 + 1] (s +4007)(s? + 4007s + 400272)

Unscaled low-pass stage:

1
(s+1)(s2+s+1)

The frequency scaling factor is k;y = (w(l) Jwp) = 50007. Therefore the scaled transfer
function is

Hpp(s) =

1 _ (50007)?

H, (s) = —
() (/50007 + 1)[(5/50007)2 + /50007 + 1] (s + 50007)(s2 -+ 50007s + 25 x 10672)

Thus the transfer function for the filter is
125 x 10117353
D1D>DsD,

’

H'(s) = 100H,,,(s)Hy,(s) =

where
Dy = s+ 4007
Dy = s+ 50007
D3 = s% 4+ 4007s + 16 x 10*7?
Dy = s +50007s + 25 x 10%72

(b) at 40 Hz, w = 80nrad/s

D1(j807) = 807 (5 + j)

Dy (j807) = 80m(62.5 + 7)
D3(j807) = 3.2 x 10*7%(4.8 + j)
Dy(j807) = 4 x 10°7%(62.484 + 7)

Therefore

D1 Dy D3 D, (j80m) = 8.192 x 10'375(97659.4/24.91°)

12573 x 1011) (51200073 £ — 90°)
8.192 x 101376(97659.4/24.91°)

. gain = 201og,o(|H (j807)|) = 201og,((0.8) = —1.94dB

H'(j80m) = ( = 0.84 —114.91°

at 1000Hz, w = 20007 rad/s Then
D1(j20007) = 4007 (1 + 57)

)
Dy (520007) = 20007(2.5 + §)
D3(j20007) = 8 x 10°7%(—4.8 + )
D4(j2000m) = 10772 (2.1 + j)



D1 D3D3D4(j20007) = 64 x 10177%(156.575/ — 65.81°)

. (12573 x 10M)(8 x 10773 £ — 90°)
H'(j20007) = —99.79/ — 24.19°
(720007 = = 107 x6(156.5757 — 65.81°)

. gain = 20log,o(|H' (j20007)|) = 201og,((99.79) = 39.98 dB

(c) From the transfer function the gain is down 39.98+4 1.94 or 41.92 dB at 40 Hz, which
is greater than 40 dB. 1000 Hz is in the passband for this bandpass filter. Hence we
expect the gain at 1000 Hz to nearly equal 40 dB as specified in problem 15.44. Thus
our scaled transfer function confirms that the filter meets the specifications.



Problem 15.53

From 15.50 we have something like

—Kb
H = 2
&) R
. Gy GaGiy G ezl
e K = — O it )=
where K G bo .0 R
- bl ” G[+GQ+G3
Cy

Rearranging we see that

Gi=KG:
b,CiCa b0
Gy= & = Gy

since by hypothesis Cy = 1 F
- Gl + G-z -+ Gg

by G =G+ Gy + Gy
Soby = KGy + Gy + boC
2
by = Gy(l + K) + bz&

Solving this quadratic equation for Gy we get

G _ b i\/b‘f—baC14(l+K)
? T Bl +K) A1+ K)?

by % \/bF — db,(1 + K)C
B 2(1+ K)
For G to be realizable
__ b
4bo(1 + K)

Cl<



From Problem 15.52 we have

—C1 (2
H(s)= G < GiC
[32 + &6 (C1+Co+Ca)s+ —C,’,p;]
—Ks?

T 2+ byis+ b,

Therefore the circuit implements a second-order high-pass filter with a
passband gain of Cy/Cj.

Ci=K: (ChooseCi=K,C2=1,C3=1)

by = (1();(‘1)(1\’ +2)=Gi(K +2)
by = % = GGy

Ga :é’;—‘;:z—‘]’(h'm)

Ry b

~ bo(K +2)



prblem 1533 TaJ  fow—pass fittes

b= 34 o N
& v 2k/ik) =1072¢ dofilec - "':L
et

In +the -f:vf'i‘ pvoteT/pe Second— orley sectim :

: }yil % :
¢ — < ©.765) < 0. 0732

T oabothl) S 0y S

chose ¢ = 0.3 T

— o765 T O 8¢

. W N N7 -
G, U752 Vo765 = du (03 -
&4
AYL“"T;’/ select +he larger  blue for £, then
Ga=0338S . Ry b = 2960
2
L
G“ = )<€'l;:gh_ = 0338 s S 8, :2‘;’&/(,
_ k¢ ) (003)
G3= T = Tomg =0T Ry /Gs=isn

X_ 'T}LWO J;/Q ‘n the fn'rS’f’ 5’60”"(’/( ovoey /Notrry/e avcuit
R,:pl_: 2‘76/1, R;’-’l"B/\/

(2 003 F C» =T
in the seomd  seanl —order  prtjpe cirguit ; weset
by = 1-.848  bo =| =P
C, < 0‘8;8)1 < 0ar’]

Chwse C,= 03 F

Gy = 848 + m §w3 _ — 1.848#'-"”)8

4- 4
% AYL{TYW»'I/ Sele(,-r +Hhe }arj‘zr velue, +hen
‘1 = 0*7'37 S s R; :’é:)‘; = |- 4Uve§-
G;' = '<@\2 =0.1137 5, . R,:‘JQ,T:}‘WS/\
‘ bo C (~32)
Gy = L - (X3 = 0:42w2 ¢ - ,QS:,/&3 -2379%NA

G2 o139

b) = 0765, b=/ Gzl [ k=|
+hen We can  obtermine RiR, Rk

¢.C,



Tn +he  luy —pass  Seetim of Hhe filter

Wv/

kf: -——M-—/';“ =271 IDUU) = 2wo TNy

Km = _C__~ - _L,_,__ _ 2 Xjo4
iy Gswr?y kg~ e

There fae  'n the firsy scaled  seamd—oder  sectin
Ry'=Ry = 296 km= | 838 KA

=3 dem = 710 kKA

"r - U‘\(.)} 0\0
L ! - E _ S o -0 - 75-0 PF
’ Kekm = Gy T Tsek
C:.l = 2/nJ- [ this 's the Yulue SMV}?]'@“( m Imﬂ’&m )
Th +he Secenol  scaled secmd —oroky Sectiw
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% ’_. U\B — ‘ T /-_ Lyl
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In the first scalee]  Seamd-ovdey octiom
/ 3.92 Km %92.94
Rl': 0. 255 km = {4 57/b
¢) =CimGite A g
In +he Secm}. Sea legl §ewd«(/r0(@v section
R/ = 1623 km = 4n A
Rz' = 0\616 k"’\: [5‘\ 054/

—
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15.55 (a) At low frequencies the capacitors can be thought of as open circuits, and the gain of the circuit is
approximately 1. At high frequencies, the capacitors will act like short circuits, and the outputs will
be zero. So the circuit acts like a unity gain low pass filter.

(b) Node A is to the right of R1and Node B is to the right of R2. Node A:
_ V;l - v;'n + V;J - Vm:t

0
R SLCl
Va * Vi-n
= ——F— + (Vo — Vour)SCh
Ry
V;I- Vin
- R_l B Rl + I/“(Sol) - V;m.i(scl)
a 1 Rl Rl — Vout 1
Node B:
VJ _ ‘/:;. V,
0= .‘R JrT}"(Vb:V:)ut)
2 5C3
VE’ V;J.
== — 5 + W(SC
RZ RQ + b( 2)
Va . 1
E - F}(SCQ + E)
Vy = Vo(SR2Cy + 1)

= V:)'ut(SR2CQ + 1}

1 Vin
V;J-u.t(SCl) = I/;J'iz-t(SC2R2 -+ ]-)(SCI + _) -5
Ry Ry

Vout (SC1Ry) = Vou (SCo Ry + 1)(SC1 Ry + 1) = Vi,
Vin = Vo |[S2CoRoCy Ry + SCL Ry + SCoRy + 1) — V1 (SC1Ry)
Vin = Vour[S?CoRyCy Ry + SC1 Ry + SCoRy + 1 — SC Ry
Vin = Vout[S?°CoRoC Ry + SCy Ry + 1]

Vout _ 1
Vin SQCQRQCIRI + SCQRQ + 1
1
_ RaR1C2C
o 1 1
82 + S( RICI + RIRQCZC[)
TS24 015 + by
1 1
Or written with®'1 = 7> 62 = Rz,
Gi1Go
CiCa
S+ 5(E) + 5

(c) There are 2 restraints from bo, and b1, and 4 circuit components. This gives a total of 2 free choices.

(d) From inspection, we see b; = % and by = 616Gz
C1 C€1C2
e) No, all physically realizable capacitors yield physically realizable resistors.
phy: y p y phny: y

(0



Vout _ m
Vin  $*+S(mer + mmoe;)
824018+ by

1
R1R2C1C2

The corner frequency in radians per second is = \/b_o and the pass band gain is 1. So there

must be a relationship between b1and bo for a gain of 1 at the corner frequency.

. b(}
H(jw) =

If we take the magnitude and set it equal to 1,

, b
1= |H(jw)| = :

v (b0 — w3)? + (woby)?

Substitute wy = \/b_o
bo
v/ (bo = b0)? + (v/Bob1)?
bo
v (bobi)
_ 1. b
b Vo
_Vh
=

So b; = /b, for gain at corner frequency equal to passband gain 1. bo = (20,000)2

1=

so b1=20,000. This means we can set R1= Rzand C1=Cz,
wy = 1/RC, Let’s choose ¢ = 10nF.

1 1
ft= 206~ oo (ionF) oA

Bode Diagram
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Problem 1

-48 -
[a] slope = E{”Zr =79.72 ‘BA“ S.n=4

From Table 15.1 the transfer function is

1
He) = e e ism D

The capacitor values for the first stage prototype circuit are
2

—_— 5 = N ie—> 4
G, 0765 .. C;=261F
Cy= 4 = 038F
n = Cl =
The values for the second stage prototype circuit are
2 . . :
o 1.848 . C;=1.08F
1
Cy = o 0.92F

The scaling factors are

s =
k"‘_T{-_lmO' k!—E_IG.O[X)fr
Therefore the scaled values for the components in the first stage are
Ry = Ry = R=10009

2.61

(@ (16,0007)(1000) 52.01 nF
C. L = T7.61nF

= T16,0007)(1000)
The scaled values for the second stage are
Ry =Ry = R=1000Q

1.08
C{ = ———— =21.53nF
1= T16,0007)(1000) i
0.92
Cg = m = 18.38nF
[b]
52-”’1_1_1' 21.53n%
Q. | kD 12Q | 1kQ :]:>--4
A 4
! i
\.'1 T7.61nF T10.36nF VQ
- - v <&



