17.1. Fixed Attenuators. Networks which introduee & fixed amount of attenus-
tion independent of frequency have extensive use. They can be desigred to have
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Fia. 17.1. T and H attenuator networks, Fia. 17.2. = and O attenuator networks,

oqual or unequal input and output impedances and to provide different amounts of
attenuation,

Unbelanced and balanced T and  networks are shown in Figs. 17.1 and 17.2. ¥For
every ratic Z1/Z, of the values of terminating impedances there is an associated mini-

00 mum value of the ratio of input power
//’ to the nttenuator to output power from
yd the attenuator which can be realized.
// K « DoOwer inte network
A " power out of netwerk
- 2Z, Zy (% )
// Koig = A —-142 7Z:\Z, 1
L/ _ 7.1
£ w where Ko = minimum possible value
= ~ of K for particular ratio of Z; to Zs.
7

The minimum possible values of the
power ratio K as 2 function of 2,/Z, are
givenin Fig. 17.3. There is no maximum
velue for the power ratio. It should be
/ . poted that Z: is always taken as the
larger impedance and can be either the

/ input or output impedance,
Bince these networks can be made to

10 " 3¢ have unequal input and output imped- -

&G ances, they are frequently used for im-
Fra. 17.3, Plot of the minimum possible pedanee matching even though there is
values of K as 8 function of Z)/Z; (referto  gp associated power loss,
il';:%‘”i; ;n:n:i’ﬁ)' I‘{olfn ';.iK“‘i‘,:; 2R‘ =0 For the balanced and unbalanced T net-
T ! & s works shown in Fig. 17.1 where Z; > Z,,
the values of Ry, Ry, and B, can be determined from Eqgs. (17.2) to {17.6).

R, = 2K+ ~2VEZT,

_ ) (7.2
- ~ 2 S
- B, = 2YRZE 7.4

17-2

- ATTENUAtops
and if Z1 = Z.,

"l . :
Rl = R| - 7

R; =g-z \/

t .
.

K7
For the balaneced and unbalanced « ;
the values of B, By and R: ean be dets

’ (K41
(«) Ry = (K
B , (K415

end if Z; = Z,,

By=Ry= 7, :
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Design s network o mateh a 500-chm g
possible power loss, -

Solution

1. Determine the ratio of 2; to Zs and tt
wark input power to network output powor

Z &
Jud .4
Zy 2

From Eq. (17.1)

Koy = 2 X 2.50 =1
= 7.87

2. Determine the type of network to bat &
Since the type of network was not apecifie |
T. If was stated that the network Joss shos
In Fig. 17.3 it ia stated that Ry = 0 ohms wk :
it is only necessary to determine R; and R :
From Fqs. (17.2) and (17.3) :

2, = BO0087 +1) ~ 24/787 X 500 X 200

787 — 1 :

= 387 ohms ’

2 V7.87 X 500 X 200

Bs = 787 =1 -
= 258 ochms

{Refer to Fig. 17.4.) L
3. Determine the loss in the netjwork.

Loss = 1
- g
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sad if Zy = Zy, _ T e 1
R AR+ T BEUNES SR VE -1 I
RBi=Re=2 | —=— Poaeow b 17.5)
PEMTYAVE +1 s
22, VE e
Ry = o1 s . _(17.6)

For the balanced and unbalanced » networks shown in Fig. 17.2 where Z: 2 Zy
the values of [y, K., and R: can be determined from Eqs. (17.7) to (17.11).

& — V4V,

Teer -35‘ . .V'. By = - 17.7

«) - UK A ) VE - 2VEZ (_‘.)

. (K —_ I)zg V’E‘; [

w By = 17.8

L-- Tl ,_.,(‘.’.: (X + 1) VZ —-2VEZ ar8)
- K~1[2Z LT

- -1.\)": f;w4,2 -—-11.{—’ . \ T ‘(17‘9)

and if Zy = Z,, . S - T .
- VE 41 e

-Ri=m R =2 (.........._____-. " 10

I T UVE ~1 o (171)
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Example 17.1 .

Deslgn a network to match a 500-ohm generator to a 200-0hm load with the minimum
possible power loss. NS . B
Solution : AL

1. Determine the ratio of Zy to Z: and the minimum possible value of the ratio of net-
work input power to network cutput power. )

Z: _ 500 ' -

IS £ =200 2.50 Lo alr e el LAY

L oy

From Eq. (17.1)

2. Determine the typs of network to be used and the network values,

Since the type of network was not specified, an arbitrary choice might be an unbelanced
T. It wasstated that the network loss shonld be & minimum, therefora K must equal 7.87,
In Fig. 17.3 it is stated that B = O ohms when X is equal to its minimum walue; therefore,
it is only necessary to determine K. and R L o

From Eqs. (17.2) and (17.3) S
N . . ‘- I ) B
By o SOOETBT H1) — 2+/7.87 % 500 X 200 o e -
1 - v
787 — 1 o0
= 387 chms ’ . 00
R, o 2VTET X500 X 200 500 200
: 787 — 1 _ o .
= 258 ohms - Fio. 17.4. Circuit for Exsmplo 17.1.
{Refer to Fig. 17.4.) e ce e
3. Determine tho less in the network. o “
Loss = 10 logns K . ) e
= 8.08 db ‘ . )

Kein = 2% 250 -1 T 2 V/2.50(2.50 — 1} PR
- 7.87 - e :
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Example 17.3 ’ SN A I F
Design an unbalanced = attenuator with & loas of 20 db (¥ = 100} to operato betwoen &
200-chm line and a 500-ohm line. \i . A _’," - i ,
Solution BN /
"1 Determine the ratie of Zr to Z; snd the minimum pos‘sii:]o value of K. ’
s R ol T 0 ' E.l. - 500 t

o 2 ggp e Bhind
200 =250 ”

Ar Lo e

(Fr L o . e _.
From Ezample 17.1, K must be equal to or greater than 7.87.
2, Determine the network valuea. L ’

" "Network was specified as an unbalsnced « (ses Fig. 17.2}; and K is equal to 100,
¥rom Eqs. (17.7) to (17.9) ’ )
N [

AL o e (100 — 1)500 v/200
RESRE By = e~ e ———
1567 00 + 1) V200 — 2 v/100 X 500
“ o= T7l4obms © - -,
- 714 224 <m Ry = (100 — 13200 v/ 500 " e
200 200 (100 + 1) v/500 — 2 /100 X200 "
- . . " o 924 ohms
Fra. 17.5. Circuit for BEx- ~ ! .
ample 17.2. T Ry w .999_5._}-)- -\}2_0_9.1%55._9 .
._‘ -ii—)‘ ..- B - .:‘..
= 1,567 ohms .

(See Fig, 17.5)

- 17.2. Amplitude Equalizers, Amplitude equalizers have zn insertion loss which
varies as some desired function of frequency, and consequently they are employed
in electronic eircuitry as a means of establishing or correcting the circuit gain
characteristies. . : :
"fn “Motion’ Pictute Sound Engineering,”’ Kimball' has provided an excellent
treatment of amplitude equalizers, and the material in this section is based on his
work. s

" On the assumption that an amplitude equalizer aperates from & source impedance
R, and into a load impedance R, it is possible to design several equalizers having
different configurations but which provide exactly the same attenuation cheracter-
istics as & Tunction of frequency. The seven specific configurations for which design
information is presented are:

LI

R TR R S S R EI PR, 1 BTN B A &

W1 Series-impedance type .
© 9, Bhunt-impedance type

-2 Full-series type - -ited e Poopade clitgln oo 1

" 4, Fuyll-shunt type : v
5. T type ' s
6. Bridged-T type - . QT M T gl .
7. Eattice type -+ /5N e P TR Ty

_ SHown in Fig. 17.6 are the requi'red‘va,ris.tions in these seven basic configurations
for obtainifg the type of attenuation characteristics indicated by the insertion loss
curves in each column. The configurations in the last three rows have constant
input and output impedances as a function of frequency, and the types in rows 3
and 4 have 4 constant input impedance. o

Although two examples are given io aid in the use of the design data, the following
suggestions are included to further help in the design of the different types of equalizers.

* Harry Kimball, “ Motion Pieture Sound Enginesring,” Chap. 16. D. Van Noatrand
Company, Inc., Princeton, N.J,, 1938. - ’
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F1a. 17.6. Network configurations and formulas for attenuation equniizers.  (From * Motion -
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Sciencea, copyright 1938, D. Van Nostrand Company, Inc.) H
L3
by
L

S S




17-6

ELECTRONIC DESIGNERS' HANDBOOK

COLUMN 1 I b P w
WSEATION {
ess | - ® -
CHARACTER-| = = e E
(3114 ]I
e Vs
P FREQUENCY FREQUENCY FREQUENCY FREGUENCY
£§O FIG AT FIG, t78 FIG1T9 FIG 1240
[
CURRENT
. P 7 & a--!'- L
RATIO Fald £72 L_x T
n[-g] :+[§] 1+l 5 f .
1
U3
B - By Ay ! 02—t
l‘*‘mﬂ-"‘@? !-I-‘t;l?__T . llf‘_“ Py
? ’ ?—f ot
s Rz~ S IS b=l
- ! ‘:.!\ - ad—y f
FomMAAE | . - wrT Galt G =i
R . fa ' . . ! et
%: -CT‘.- . . C;z “02—1 Q’-Q"‘;}"
i . . L= RESONART FREQUENCY OF 2, 20D Zp 4RHS .
= FREQUENCY OF 3 DB INSERTION LOSS '
= ANY FREQUENCY
A AR I
@ = DEFINED AS GREATER THAN URITY
NOTES ) ’
’ Fym EQUALIZER RESISTANCE
- . - Il - . PR
. MSERTION L0SS e 1006 | 1L
- ’ & = BOULTARCE IN HERRIES: - .
. € =CAPACITANCE IN FARADS e e
, ®)
N ) Fia. 17.6, {(Coniinued)
LIRS O} “ . .

R R S S PO

b

SRR L T

‘--a-"“"r

F] i T

L.
COLUMy | e
"“—-..‘_.__.'
Z|MD r!‘ln-II
2, -
[ S
ROWS *
T
SERIES S
IMPEDANCE “*
3—-.._.___1 )
T"“"“'--w-..
°"“'"’-?w,-«,
SHUNT )-,.;
IMPEDBNCE '
3-——.-..,.
T .
5 *
FLL '“;”“
RES | Y
5t %
L
SHUNT
;—E;""\ L
r % J N
BRIDGED AR
¥ LI
7 s
Pttt STV
2 ot
*
! v i
T
Ly
TYPE ) 4
o.._......twff__‘
[
LATTICE .
%]
TYPE

.*‘




- ATTENUATORS AND EQUALIZERS 17-7
COLUMN T un T T
2 & &
Z'AND o{jgf}q om ’ » . ) t
2 p Y
2 i %R" & ¢ & : ] °
€2 8 : &
ROWS T s G
o——{’ ::: }—-—03 o——{! G2 }-—05 »—%ﬂ’ 2 3 é_ﬂﬂ.\‘jqe 3
Rl
SERIES oy $3) s W
INPEDANCE .
o= O O O O =, O
z 412 a{2 4|2 ¢
: 3[4 3l HE ]
SHUNT

IMPEDANCE

FiLL
SERIES

[ANDBOOK
m r
) |
. r
|
bl ole
| |
| |
i i
i
) %
IEQUERLY FREQUENCY
HG, 129 FIG.A740
i o-t
; ¥ 1+ 7 fp
K 57
t a?
=l g,-;‘.‘?_._z_f.
2 '
-“Lﬂt b=l
e 2t f
) q‘Lo‘r =g
1. - G0
e =G
F 2 460 23 2RMS
WION L0SS
P THAN thiTy i

BROGED
T

LATTICE
TYPE

P

2

©

Fi16, 17.6. (Continued)

g

N e g e B T A AR Ll

o e uea XAt

[T e




ELECTRONIC DESIGNERS" BANDBOOK

b4 3 hoirg i G
! i
%
= [+2]
H B It
| |
! :
TR L LT A 5
. FREOUENCY ., FREGUENCY FREQUENCY | FREQUENCY
- -FIG I - FIGAMZ - - - |- FIGIT3 £16,17.24
- 2 . "- 7 K"-f h xeay
F e T I !_+j-{—;?t_ 1+ I
..,.:-}x(i}-. —- .t.-ur(—) I % b5
7 ; ) A +&
T RS g0 f+X -———’— f“fp
¢ i - -;h,-. e PR i mam '?; ‘?‘
=t Xt bt L iyt '
- (00 % YR 8y
’ . ) N
laf"-ar.?p:;“ S =
Fr JE by
q"""ﬂ?:?'ﬁ_}“ b=l
o PR CTY .~ I R S
- GG R | FeE T
o FOR ALL NETHORKS
&"Faﬁ*‘l) &"ﬁa,?:,-' f:'ﬁ’a'—_y
\ - - -
..:'.hﬂ'."@ﬁ; . e%"*’ CmeRAE
- . E___..._ X e e e
2 2zrf % 2 Bty %ﬁg T ar ity

LE)

&- JPES&:VMT Fi REOUEWC‘Y OF 24 .M'D Z; A»?MS

. A

_ _To= FREQUENCY OF ONE-HALF PAD 1OSS

N

£ = 4 FREQUENCY -

. T

Fag IG.S'S = MAXINOM LOSS =20 L05 X

L' M’Bﬂﬂ' ." ARCE 1 HWIES

P PRI

- Aante

t‘ - (.‘JFJCH'AHCE .W FARA#S

(%

A RESISTANCE,

1G]

¥10.:17.6, (Continued)

.*‘-N'.‘(-'f".

For the Ol g, ’
loss at some fre, ., ™
is applicable, 1y, M; -

S B 6

{2 p— N
085 e,

o

S0

ﬂ' . ..'-. "

L e 8 Y

g s 1o

=2 !

5 '-i_ b

2 4 R tae L5 Y R
2 i’
0 T
o ,

(31
Fro. 17.7. Attenuatvn s,
works shown In ...
(From “* Motion Pyten n.,
by Research Counr s . ..
Picture Arts and v s Caw
Van Nostrand Compny ;.

INSERTION LOSS, DB

0 o

Fro. 17.9, Attenss :“"
(From * Motion Fute>
Picture Aris and 5

wied ¥

The value of fu
can then be determ 7
When working ¥
17.6, the frequests ¢ 7 o
infinite inserlion
value of f/fa ¥

ek "“

Y




h ok
FREQUENCY
FIG, 1244
Loy 2
[ofancs """T-,""‘!"'_{‘}
'k b-£
7 K
vy £k
"" 7; ?—

£t Pt st '
R | et

' )
iy | e

w7 L
g B
Ry
] Lo N
“%757 o ”f“fa?’;‘;‘

. N i
.".;'7"_______ ey b

.__ﬁ,.r ..
‘l'“‘ - N

A

iy

M2 {033 MAKINUN LOSS =20 LOG K

RKTNE machmES

Nan 1

FLArEIANCE 14 F, ARADS

& S lndinren aesisrance

L "

¥ *

L e e A P WA St vt T e

PRSP

P

e

4 ATTENUATORS AND EQUALIZERS “17-0

For the equalizers treated in columns I and I1 of Fig. 17.6, the desired insertion
loss at some frequeney f must be speeified. From either Fig. 17.7 or 17.8, whichever
is applicable, this insertion loss can then be associated with a specific value of f/fa.

W1 TTI0 T s T T
12 ponsmen 3 f‘? ~ ! 12 Y 5 1 HH
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o it 4 @ AN 1
g s £ S !
= E
g 6 - S 6
Y 7 & 4 N
2 £
2 B 2
for—] 0 T
_00‘1 10 0 01 1.0 10
: A 1/t

Fro. 17.7. Attenuation characteristics of net- Fia. 17.8. Attenuation eharacteristics of net-
works shown in column I of Fig. 17.6. works shown in column II of Fig. 17.6.
(From * Motion Picture Sound Engineering,’  {(From™ IMolion Picture Sound Engincering.”
by Research Council of the Academy of Motion by Research Council of the Academy of Molion
Picture Arts and Sciences, copyright 1938, D.  Picture Arts and Sciences, copyright 1838, D.
Van Nostrand Company, Inc.) Van Nosirand Company, Inc.}
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Fia. 17.9. Attenustion characteristics of networks shown in column IIT of Fig. 17.6.
{From ** Motion Picture Spund Engineering,” by Research Council of the Academy of Motion
Picture Arts and Sciences, copyright 19838, D, Van Nostrand Company, {ne.)

The value of fa, which is required for the caleulation of the equalizer circuit values,
can then be determined since the values of f and f/f. are known. )
When working with cqualizers of the types shown in columus [II and IV of Fig.
17.6, the frequency of resonance fr within the equalizer (agsocinted with zero and
infinite insertion losses, respectively) and the desired insertion loss at some speeifio
value of f/fs must be specified so that the proper attenuation curve and the asso-
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Fra. "17.12. Attenuation charscteristics of networks showa in eolumn VI of Fig, 17.6°
(Pigs. 17.12, 17.13, and 17.14 from " Afotion Picture Sound Engineering,” by Rescarch Council
of the Academy of Motion Picture Arts and Sciences, copyright 1938, D. Van Nostrand Com-

pany, Inc.)
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« Fra. 17.13. Attenuation characteristics of networks shown in eolumn VII of Fig. 17.5.

il

0

ciated value of ¢ can be determined from either Tig. 17.9 or 17.10, whichever is
applicable. The value of fu, which is also required for the eslcuintion of the equalizer
circuit values, can be determined by dividing frby a. -

 The first step in the design of equalizers in columns V and V1 of Fig. 17.6 is to
specify the maximum desired loss and the loss nd some specific frequency f. Theloss
at f ¢an then be associated with a specific value of f/fs on the curve having the desired
maximum loss in either Fig. 17.11 or 17.12, whichever is applicable. The value of I
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which is required for the caleulation of the equalizer cireuit values, can then be deter-

mined since the values of fand f/fy are known.
To design equalizers shown in columns VIl and VIIT of Fig. 17.6, the maximum
insertion loss, the frequency of resonance fx within the equalizer (associated with the
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+14. Attenuation characteristies of networks shawn in column VIIY of Fig. 17.6..

maximum and zero insertion losses, respectively), and the desired insertion loss at
some vatue of f/fz must be specified. It js then possible to establish the proper curve
and the associated value of b from either Fig. 17.13 or 17.14, whichever is applicable.

0256uF The value of f, which is also required for the

- e o Calculation of the equalizer circuit values ean be
" determined by dividing fx by b. ‘
500 When working in columns V to VIII, the fre-
S quency fi is the frequency at which the pad loss
Sz R in decibels is one-half the maxiraum loss in
12y decibels, e.g., if the maximura loss is 8 db, £ is
- the frequency at which the loss is 4 db, .
O l - =0  Example 17.3 .
g:in};]:?yguf shunt equalizer for Design a full-shunt equalizer of the type shown
- in column II of Fig. 17.6 which has an insertion
loss of 4 db at 1 ke and an input impedance of 500 ohma. . , -
Solution . B : el : T

From Fig, 17.8 f/f, = 0.8 for an insertion loss of 4 db.  Therefores, _‘ -

aooTT -__f__ . L e ) T
o fa 08

1,000 N
iy 1,250 cycles T
. 8, = 500 ohms (from statement of problem) R
remtomre 500 ' |
) Do R A v v oEn = . ] Y 7 L
Lo = 2% 8.14 X 1.250 63.7 X 107 henry, or 63.7 mh

1 | e
- - & L
A IR 1550505 0255 X 1074 farad, or 0.255 44 *

R b (See Figs. 17.15 and 17.16.)
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Example 174

Design an nmplilu& [ 2
VIII of Fig. 17.8 and o ber omie
(frequency of cqualiter o rom
frequencics far above s de w0
impedance of 200 vhina

Selution
1. Determino fi b /e ord 4
f“ 5K tadiie EhiTes Ao
[
At 3,500 cpa, f/fn = !{** -
as being equal 1o 20 4> 37

£ 14 db at 3500 g e ® 1T
G’I‘ha values of fs and £ #s #0
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9. Tetermine the :f\i‘
* Refer to Fig. 1
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red insertion loss at
lish the proper curve
ichever is applicable,
also required for the
- eircuit values can be
by b.

ns V to VITI, the fre-

it which the pad loss .

e maximum loss in
atm loss is 8db, fiis
+loss is 4 db.

izer of the type shown
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or 0.255 uf

Figs. 17.15 and 17.16.)
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F1o. 17.16. Insertion-loss characteristics of network shown in Fig. 17.15.

Exnmple 174 .
Design an amplitude equalizer with at
{frequency of equalizer resonance), 14-db attenuation at 3.5 ke, snd 20-db a
frequencies far above nnd far below 5 ke. The equalizer &
impedanee of 200 ohma.
Solution o . o ; B
1. Determine fr. b, fo. and E. ' - :
_,fg 5,000 cycles {frequency of resonance and no attenuation)

At 3,500 cps, f/fa = 3.500/5,000 = 0.7. The maximum attenuation has been specified
as being equal to 20 db; therefore, X = 20 db in Fig. 17.14, and the desired attenuaiion
of 14 db at 3,500 cps is equal to 0.7X, The curve for b = 184 satisfies these conditions.

The values of fi and K are determined as followss

. F R -.LR . B VI DA .
N B T r
] 5,000 D .

,_f‘ ~ 325 4,000 cycles .

B T AL I S SO

s 26 logie K = maximum pad loss = 20
K =1 .

L

P CIE TL o P TP .
*

" 2.’ Tetermine the values of the cloments in the bridged T.
| Refer to Fig. 17.0. 7 . B
R. = 200 ohms  {specified in atatement of problem)
Ls = 200
sapis e 1 BT 230814 X 4,000
' Gl .. 1 - . N
= - L]
- C'_n; T 311 X 4,000 % 200 0.100 % 107¢ farad, o-r 0.!99.;&

PRLEN

= 7.96 X 10-% henry, or 7.86 mh

RTINS

tenuation characteristics as indicated in column

VIII of Fig. 17.6 and of the bridged-T type which wilt introduce zerc sttenuation at 5 ke
ttenuation at

houid heve s choracteristic
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q0.24y CO252puFf Ly = 7.90 X 0 -1 % _r
vip 1251 -1
m ; = 40,2 mh
LV4 b J.
200 , 200 Ly = 2,96 % 10 X 1.25 — !
[ by 10 -1 1.251
= 1,01 mh
10 1,252 ~ 1
) =0.199XI—6—:~IX‘—ET
vy s = 00252 uf
200 ovMS 200 OHYS k
C 0.199 % _1_0..___1 e —.-...i_._
LOLpF ) ) ‘\/Ia 125t — ¢ -
= 1.0t puf
— s &1 = 200010 ~ 1} = 1,800 ohms

Fre. 17.17. Bridged-T equalizer for Exam- = 1 -
ple 17.4, R: 200 x 0 -1 22.2 ohms
{Refer to Figs. 17.17 and 17.18,)
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00| 10000

5000 .
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F1e. 17.18, Insertion-loss characteristics of network shown in Fig. 12,17,

100000

~17.3. Phase Equalizers. The types of phase equalizers treated are those which
theoretically introduce either zero or 2 fixed amount of attenuation at all frequencies,
They can therefore be added to existing circuits for phase correction without dis-
torting the gain characteristica.

The shape of electrical impulses which contain many frequency components can be
distorted in passing through an electrical circuit even though the circnit has the sgame
gain for the different {requency components. If such is the case, the distortion is
due to unequal transmission delays for the different frequency components, ‘This
type of distertion is called phase distortion and can be corrected by sdding a network
which will cause the total transmission period for ail frequencies to be identical. The
added network must, therefore, be a network in which the phase characteristics
can be controlled.

Equal transmission periods for diffierent frequency components through a eirenit
stipulates that the eireuit must introduce either no phase shift or an amount of phase
shift which is directly proportional to frequency. This is identieal to stating that
the transmission period must be either zero or g constant amount st all frequencies.
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1259 1
= 40.2 mh
1,25 ~ 1
1.251
= 1.01 mh
0 _ 1958 —1
X T
= 0,0252 uf

X

]|

[
f"ix

L
)

1235t -~ 1

= 1.01 pf
= 1800 ohms

P 22.2 ohms

» Figs. 17.17 and 17.18.)
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ATTENUATORS AND EQUALIZERS 17-15

Four different configurations of phase equalizers! are shown in Figs. 17.19 to 17.21.
It should be noted that the four-terminal networks czn be used in only those applica-
tions in which the input and output circuits are either both balanced or are in no way
connected to each other.

The circuit in Fig. 17.19 introduces an insertion loss of 6 db and does not have con-
stant input and eutput impedances as a function of frequency, In addition, the

3
CENTER ¢ :
T2p—-—> £s ¢ ¢ s
¥:4
4\—\&05%&
e
-4 - s
t e LR «1/%
f] ?J‘RC L FIa [ a2
WHERE £, IS THE FREQUENCY AT Whict L Wb 18 THE pREQuEnCy AT
THE PHASE SHIFT £ 1S FouaL To-50° Copr
AN —ég«af
Fia. 17.19. Phuse equalizer with a Fra, 17.20. Phase-shift network with
fixed insertion loss of 6 db. The zero  attenuation. Refer to Fig,
phase characteristics are exactly 17.22 for phase characteristics.
the same as for the lattice network
shown in Fig. 17.20, provided the
output is not loaded.
2L
- [T
IC )
& ]
P Ges
R (G-t} #
s ———
L.
2
& + o

{2) BRIDGED-T EQUIVALENT T0
LATTICE F o,

R 4
PRI LS &5t B=052 HERE £ 1S THE FREQUENCY
ér ‘: roR 0 & WE)’/C?# THE HETWORE
. e HASE SHIFT 15 - 180°
tz"?‘, & "}",FZ‘ $-160
ranZeot
Z T

¥
Fia, 17.21. Phase-shift network with gere attenustion. Refer to Fip. 17.23 for phase
characteristics,

phasge-ghift curve for the circuit, Fig. 17.22, is based on therc b'eing no terminating
impedance.

A center-topped transformer secondary winding could be substituted for the
resistor in Fig, 17,19, provided the amplitude and phase characteristics of the trana-
former were acceptable. )

The networks shown in Figs. 17.20 and 17.21 have constant input and sutput char
acteristic impedances as a function of frequency and provide phase shift without
attenuation. Figures 17.22 and 17.23 indicate the phase characteristics which can
be obtained,

The phasc equalizers shown in Figs. 17.19 to 17.21 introduce a lagging phase shift.

1 These networks are also referred to as all-pass filters,
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Example 17.5

Assume that intelligence must be trangmitted in the 10- to 20-ke frequency band ané
that the circuit employed introduces phase shift in accordance with the following4abulation,

Phase Shift
—27°
—43.5°
—83°

Fregquency
10 ko
15 ke
20 ko

Design a phase equalizer of the lattice type with & characteristic impedance of 1,000 ohma

for use with this cigeuit.

Solution

1. Determine the required phase charecteristics of the phase equalizer.

The departure from linear phase shift as a function of frequency for the existing circuit
must first be determined. Since the phase shift at 20 ke is ~63°, the phase shift at 10 ke
should be 24 X —63, or —31.5% and the phase shift at 15 ke should be 34 X -863, or
~47.95°, The existing network thercfore introduces a phase error of +4.,5° 8t 10 ke and

43,76° at 15 ke,

Phase Ervor
+4.5°
+3.15°

OD

Frequency
16 ko
15 ko
20 ko

‘The phase equalizer must therefore exhibit the inverse characteristics, La,,

N Phase Error
e —~4.5°

B —3.75°

00

Frequency
10 ke
15 ke
20 ko

2, Determine from Figs. 17.22 and 17.23 if the required conditions tabulated in step 1
ean be satisfied with either of the networks shown in Figs. 17.20 or 17.21,
Since the network shown in Fig. 17.20 is simpler, the curve shown in Fig. 17.22 should

first be examined.

The procedure is to determine if the phase shift in the equalizer at any ‘ihrea values of
#/fs which are related in the same proportions as are 10, 15, and 20 ke, will depart from

linear phase shift &3 a funetion of frequency

by the desired amount. A few experimental

groups of values of f/f, reveal that the phase shifts for f/f» equsal to 0.4, 0.6, and 0.8 are
equal to —43, —61.5, and —77°, respectively, and satisfy the specified requirements. ‘This
is true since a phase shift of ~77° at f/fo = 0.8 requires that the phase shifs be —38.5 and
—57.75° at f/fc equal to 0.4 and 0.6, respectively, for linear phase charncteristics. The
phase equalizer therefore introduces phase errors of —4.5 and —3.75° when f/f, is equal
to 0.4 snd 0.6, respectively., It should be apparent that the three values of 7/fo, that in,
0.4, 0.6, and 0.8, correspond to f being equal to 10, 15, and 20 ke, respectively.
8. Determine fo and the values for the lattice elementa.

)

L
f.-25kc

C.37 MY

Fig. 17.24. Lattice network for Example
17.5.

£ 0B @ts =20ko)

From Fig. 17.22 .

o =4 X 1070

- 1

25,000
From Fig. 17.20

L= 4 % 1078 X 107

. 2% 3.14

= 6,37 X 10~ kenry, or 6.37 mh

C - 837 X 1073
10*
= 6,370 X 10~ farad, or 6,370 ppf’

The lattice network is shown in Fig. 17.24
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