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ABSTRACT

. The desigh of broad-band lossless matching networks
is fairly well understdod, Dissipative networks can perform functions
which are not possiblé With lossless networks. ‘The design of dissi-
pative matching networks which-gisgsipate a minimum of power is -
neither straightforward nét completely understood _at present. Various
types of networks. are discigsed and numerical designs are carried out
fér specific cases, i
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I.. Tne Applicat.ion of Di ss:Lpative Matching Networks

~ : - In designing microwa\re eqQiuipment; it is often necessary to
match the input impeda.nce of some component to a resistive generator or
to the characteristic impedance of a lossless liné, ¥hen this mateh is
required over a narrow band, a pair of réactive -glements; (sbubss tuning
SCPeWs, etc, ) or a gingle element placeu at a partlcular point on the
lihe, can be iised to give a perféct match at the mid~frequency. The it Ser
‘match at. the edges of the band may be small erough (because of the narrows
riess of the band) so-that & "single-frequency® mzarl:v:ﬂ'I is adequate, Whenr

X the load which is to be matched has aii impedancs which varies slowly as a

1 ) © fanction or frégusncy,. tuning elements which store i minidum amount of

3 énergy are used ifi orde® to obtain the greatést-bandwidth. When the load

has gomeé particular change with frequency, it is possible to- pick tuning

élements whose reactance changs with frequency compensatas for the load k

impeaance change and thus gives a. satlsfactory match over a band., = - .

" 1
T T L TT . - TN W O VY Y > e

So- e

‘ The simple procedure ﬁutlined above i" aqequate for many .-
- gituatiods encsunteéred in the -design of radars, compufilcation facilities,
— and some .harrow, band test squipment. When antenras are connectéd to
transmitiers by Tonug transmission lines, it iz of'ien hecessary to match
more- caréfully ‘to avoid frequency pull_r:g° In this c¢ase; fore effori s

expended in the choice of line lengths, |;ansformers and stubs im order to |
give @s nearly perfect match &8 possible in -the tz"‘an-s‘z.n.i‘bter band,.

- B The ‘above rémarks appJ.y to problems ‘where 3imple lossless elements

are adeqaate to give the required match, e the maximum: permittsd VSWR :
- © _ becomes smailer, or the requitred bandm.dth ber'o*nes greater, the destgn -
© 7 bécomes more difficuit. IZveritually, a point is reached whén it i& im= -~

) ‘pawibie to obtain reqm.red perfo*'mance. When lossless matching networks:
"f aré used, it is not p ssible, with physical elements, tc match perfectny

over any finite ha.ndmdth~ The cuestion of what amcunt of mismatch must
e tolerated for a parvicular load impedance and specified frequency band
't';as been treated by R. M. Fanoqal) :

F T i

When the required perfcrmance is greater than . the possible. :
o = limlt _for_ 108816-‘38 matching netwoxks, it is ‘hepassaFy 1o Anelude Qi g S
- pative slemsnts in the mat.ching vxetwork, One simpic method of doing -this

. i& known: as "padding" A diss.up&tive attenuator can-be placed in froat

“of the load aud if the attenuatis a1 is great encugh, the input inpedance

4
4

:

t _

y ¢ of the attenuator can bé matched to tke generator or Yransnission kines T
23

g4

£

&

P

Tkus is a comzon procedure becauae (1) theré may bé w~ore than sufficient

PO R T LTS WO

- __poarer avallable and (2) broadband matched atienuatéis are usually avails
- - ... - ablee This process is no* goou when signal strer'gth is at & premium
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A

bécause It :Ls wasteful of power. It simply consists of putting in
- eriough insertion loss so that the lfied cannot be "seen" froém the input
' terminals of the matching oF so=called buffer attenuator. It is there_i’ore’:

desirdble to: investigate matching networks which Includs dissipative.
elements which‘ are 1nserted in such a way tha‘t power waste is. minimized.

Ve ey

“II N Properties oi' Matching h—poles

A. Specification of the Matching Problem

——— _——r

A load is given which has an :meedance Z(p) where p uq"+j<o
- : is the complex frequency variable. Power is supplied: by a generator
whose interral resistance is’ Ros A lossy four-terminal network (hwpole)
is connected between generator and load as in Fig. MRT=11968-a. The .
VLI : matching network is tc be composed of linear, passive elements and should
o - do the followifigs:-

LR

o (a) The input impedance of the ioao -and metching network, is Eoyg
the impedance presented tc the generator, should beé constant and eqnal
to R “for all values of p. -

o~

(b) In a speéified range of Sinusoidal frequencies (G" =
0 € @< @,), the power in the load should be constant to within a certain
tolerance and thisg constant should be as large as posoible. ,

: "“The above requirements are more restrictive than would be desnra
able in many practical problems sy but thay prov:Lae Sufficiént latitude o
for the present. study. Note that although low~pass performance is usually
not deésirable in microwave work, many leads encountered in practice have
geonmetric cymmetry abdut some- ce'zter frequency. These loads have 1low=

1 .
R A DO WNRNCIURHNEY WIS TR | Y- > TP URUR AP ASIMEL WNPIAE IREmees PRptaesy- PEgvR DAL SRR sttt

pass equivalents: imowledge obtained for the low-pass problem can be 3

applied to them. Results of the présent invest1ga+ion can: also be -extend= ;

ed by means of highepass transformations,

In what follows, ail impedances ‘are normalized to Fe so that the 2 7

génerator has 4 ons -ohm. internal impedance s and the load is ﬂ By p) = ' 3

e g e o e ] L A T

_.%}.’l . The opanh ¢ircuit voltage of the generat'or is arbitrarily fixed' at

The power thit is dissipated in the. load is of physical
s:l.gnificance only whend= O, gifce the jw axis of the p=plane corres~
ponds to sinusoidal frequencies (steadya=5uate aoc.) o This: power 18-
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“written as & function of w and is written P(co)o Plw) is the actual power

in watts for the normalized system. Plo) is identically the ratio of

power dissipated in the 1load o the available power of the generator,

Note that the power entering the input terminal of the L-pole is the

-available power of the generator (becauss it is perféctly matched)° There-.

for, P(c.) cdn also be interpreted as the ratio of pewer leaving the out-

put teiminals of the matching metwork to the power enteri g’ the input :

~ terminal of the mtching h-po._e. o . -

ey

(e

pp—"—,

. B Network Equations OJ. hatcnlng rour-Poles

‘The h—po.:.e is cnaracterized by three parameters, zn(p) 5 Zzg\p),

81 2(p) which are the opén cireuit input, output, and transfer impedances 9 ;
réspectively. When the h=pole is terminated in g, its input impedance iss i

g2 _ i
- . N -112; ) o - L
in ll Bt | - M .

’in - 1 to sat:.sfy regnirement (a) of Part IT A 80 that the three para- :
- ‘ meters are. related by “the fol.:.owing equations. . ) SRS X

e (28)

212-2 ; (211 - 1) (222 + z) - (2b%)
If z(p’J‘") - "(m)+Ji(m) the expression for P(co) iss .
2

Il
' . N ,
v bt R :

i IR PN .

TSN AR

i T - ™ 1 t ' '
r(w) = i—-—ll-—— 4 r(@) (3

1 T+ L

zw*?'

j* :7 o , P(w)-

B s
o

. Thus; there are two general relatio;xef, one 6f tham (Eq'*atluns

b e e 28 YB)-43 elgsbraic; bub the Sther ond{Bguation 3) ifivolves magnitudes of
sume of mpedazlce.s and the real part of #(jw). One of the h-pole para=
meters can bBeé arbitr arily picked ‘bacaise there are only two relations.
It is important to note that this arbitrary parameter is a fimction of the
-complex Variable p.

- . .3
- - *
. ¢

B g ¢

One additional consideratich iiskes the problem extremely dl.ffi— N
tult, The li-pole must be: phyelcally realizable as a linear, passive _ 4
network. Whether it :1.8 .composed of lumped induct yance, capacitance s and .- Ry

..{‘."1!"[};*4‘-‘5“.“"- . . . o T L T e e S =




!

" Report Rp2éhe52, PIB=203 o , ' ?ééé u

\therefore might be éynthesized by either 1umped o distributéed elements.

Gontract Nos NObsr=-k3360 S )
Index No0 NE-lOO«hOQ o ’ o i

re51stance, or dist¥ibuted élements is a question that need 1ot be cons
sidered heres In some of the eéxamples that will be diScussed, the matching
retwork will be composed of lumped elements; while in others, various
impedancés will be gi¥en as enmpirically determined functions of w, and

One. ideal transformer will be allowed in the matching network‘
either at the: output or input end. This avoids conplicatioqlin the

} (a,fw ele ia of ten cenaiderable choi¢e of impedance 1evel at )
the terminals of a microwave load. (where to tap into a cavity for‘instance)o

‘Thls freedom of cholce corresponds to the availability of an ideal trans-
formero .

(b) When sufficient physical space is available, an ideal
transformer at the input of the matching network can be simulated by a
1ong tapered transmission lihe., Note that if long lines are empldyed they ‘

" must be put at the Input of the matching hetwork, for the input impedance

of a long 1line terminated in a mismatched 1oad is a complicated function
of frequency and is difficult to matchqi -

Ce Realizability of Matching Networks without Regard to Insertion
N Loss ‘

Given any realizable load function z(p), it is always possible

to provide a li-polé which will, when terminated in z(p) have unit inmput

- impedances To show this, a simple method of mat ,¢hing will be deseribed

Whivh make; use of the following theorem'

If Z, (p) is a physically realizable minimum reactance impedance

fi.e. 2 (p) has no pole on the jw axis of the pwplane), it is possible te

find a- (p) such that

*z1<p>4»zo<p> W

-
o 2

’

i,

e Lo AL -

EREARCVRRA SN

T

bt S M DI s s e e
. o .

IfiZle@ : Riﬁm) + Jllkw), then T T T e s e o

R > maximum iralue- of .R. ‘('m) (5)
(2),

Tne proof of -this theorem ia glven by Bode
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,clear that 1f the real pait of z(p) along jo obeye‘

" then & two-terminal impedance connected in series with the load cah™ve

Applying this to a ziven mlnlmum reactance load g(p), it is
meximum rlw) £ 1 ‘ - - fé) o

designed to give a perféct mateh to & 1 ohm 'gene":ii‘a’t’oi!,

If Max r(co))l, a transfc*'mer can precede or folJ.ow the seriés .Z

matching ‘impedance to adjust the impedance level to the unit value

required.. . o Y

—

If z(p) is not minimum reactance, a new z'(p) function can be 1
formed by placing a resistor of any value in parallel with m(p) This hew -
z'(p) function Will then be minimum reactance and an impedance, zl(P) can .
be put in series with 2'(p) to give a perfect match to somé constant re ‘fi
sistance, This constant re31stance can be transformed to unity as: before
by means of an ideal transformer- e

II.. Some Matching Structures ; ;

’,ﬂ Matcnlng Procedures for the ;oad z = 1 + pL

o = T =

As shown in Section II €, it is 1ways possible to match any-

load, Z(p), to.a 1 ohm generator bv means of a realizablé dissipative
~u»pole‘ The problem to be considered here is 1o find the network which
gives the greatest transfer of power to the load in a prescribed: freque:icy
. band. In the bezznx‘ﬁg of this investigation, an attempt was made to -
- digcover soms eXpiicit @xpression-of the constraints, such &s integral

-y o
\.‘

formilas, which would show the limitations imposed on P(w) by the vpeci -

fication of the bandwidth &nd-thé load Z(p). It geemed that a traatmeny
of 1ossy"structures gimilar to that givern by Fano 1 for lossléss struc

tures would give similar results; i.e., the integril of some function of
P(m) on some frequency ‘scale would be related to properties of the load.
No 'such relations vere found, however: either .. 81gnificant integrals

did nQL;conyerze. or convergent integrale were not. qinniflgap+ Phie wae

Aeusis -vree

a_manifegtation of a fundameéntal propepty possessed by a. lossless hmpole

‘(p I
i

" but not possessed by a 1088y li-pole. If & nhumbsr of lossless Li-polés

are connected in tandei and the reflectio? goefficient¢>(m) at any pair
of terminals is défined ‘a¢cording to Bode ase ' ’

o impedance looking to left = conjugate of 1mpedance
‘721_;~" S Yooking to right &)

inpedance iooking to. left + impedance iooking %o
o right

}

Ay

L
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e then},lq ,.s the same at any p&i 3p-of termiqale from the %fmut of the )
lossless chain to the oufput of the losvéless chain, Te load may be R
- represented by Dar’l.ington's procédur &8 a lossless u—pole terminated

d +‘m lossleSe matching network form &

“-7 inalommz resistor. Ths L-pole an
hain of ‘ KS a3 shown i Fige MRI-12339-8 For some
: v,alues of p there is ne "cransmissien £ rough the h-puie (Nv). vhich charac-
"~ terizes the load. The function 10g /'v ¢an be expanaed in a Taylor serie®:

about ene- of these values of ps At i’mseva.x,ues of p which sre in the
rig ht-'aanuﬂlalf-plane or on g certain numbers of coefficients

the Jjo axis, & .
in.the Taylor expansion are detemned entirely bv, the’ ‘given load. N
Integz;.;&. ff‘rmul | ¢ the known Taylor Bl

38 are then obtatned relating 16¢ [ P
!,o l = !’ﬂn $ the same rela-

Teion AHEZe . Toppbars
|

eoefficients- $5-the expans:xon ,02, Bt since
- ‘tien applies to Iﬂl which 18 the input reflection coef* icient. 13| is 3
oade.

” ha ma.tche

')1 d:.rec+ 'f"ni fica'v“e sir;ce :L’e Jdeterminea the vewa

s, saT RS T_he-ai;{med_._a,te study of the general load anr.ot proceef
~farther; “howaves - because there has- jiob Heen wil fficlent study -of i
propertles “of a aiEsipct tive lLi-pole. For this reason, the scope ‘0 ’ﬂne
_ thvestigation ha has been 'llmtefl “or t‘ie p*eaent by the p: ollowing )b

- X T . .
— [ . <«

restrlctlonsa ) y;;; - T - _
funh*i Y *=~stu¢ed~ ki (p) = 1

W
e ek e s s
¢

(1) A parti cular loa.d

D —oe) Particalar forms of matoning. stmc:t.p;r_ee '_a.x:e stud
- Thege have propertles which- s:melify an"?ysisa L ‘
y feals of frequency transformatlons, the results ob , o

can be ext.enuea to band=pass nerformance w1th a series Rmu-c load ‘fl high . -
pass performance with & serles B-C loa.do o T

o " By interchangino adm1ttance and mpedance 97 he results can be
' applied to the- low-pass performance of parallel G-C baﬂdpdss performance
" of narallel (3=1~C and. high-paes performanceé ° ef para]J el L=G Toadse.

'I.’hertwo ‘band-pass €ases I mentioned-above are foi'terg ex}csan‘bered L
ant Mm—’ries a.!'.d antennas., . B

ical microwa 3 loa.ds such ag resonans

in preajé’o

ers as Matcning Networks

S - The ma.tchlng dev o e 4 ..escribed ‘here .are to be assoq:.at a
e with ne Load z(p) nd iake use "f -some .ldeas i B, T, Noptor?

- 7% , , =
* u. Bode o - this sectlon, ot = ‘l‘his %8 no, restmcﬁexi L \W

fBr°', Coxrrp Lementar:, Filt
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because the parasitic inductance Lo of the load is mot fixed. Changing
- . the value of Lo is equivalent to changing the frequency scale; OF,
squivalently; the bandwidth of interest. - ;

These matching structures are in tbe forms of Fig. MRI~11968-b
and Fig. MRI-11968+c. The 1ossless networks shown in these figures &re
Zsed to modify the normalized resistance ry and normalized conductance gy
to approximate unity over the band 0 € ® ¢ 1, "Minimum reactance input"
and *minimum susceptance inputt refer to¢ the input impedance of the logs-
less metwork when terminated in the 1load 1 + tlge -

Note that when the input of the Tossless network is of -minimum
reactance’ type an impedance is placed in series; when the input is pinimum
gusceptance, an admittance is placed in shunt. As lohg as 4he resistance

£+ or the conductance gy is less than 1, the lossy 2-poles are paysically
_realizable. LT

“The normalizsd current imto the To8sless. network of Fig. MRI-

The normalized vélt_agefacrqs’s <the input

11968-b is constant and unity. A
of the lossless network of Figs 4m511968mc ig constant and unity. ‘There=

IR}

'
B e —— Co
AN eV L
Lo ot . . t
4 R P

-

o

T bme 30 Byl Tril i s 5 et B o o
. N :

R I

)

e NN R

fores . : - s .

T-(w) in Fig. MRI-11968=b} :
+ o ( (8)

P(a) *g (@) in Pig. WRI-1S6B=f

‘ ~ Low pass ladder structurgs of Fig. MRI-123k1<a and Fig. MRI- .
12341<b are usad 4in this case as the 1ossless networks which shape rx‘(*u)
and gy(e) into Butterworth and Tschebycheff approximations of wnity. The
ideal transformers. at the iadder inputs are used 46 agjust the impedance
levels so. that ry (or g; when applicable) is never greater than L. Plw)
is restricted to the following ranges . ‘ : _

L i) gl feFOgmzae Lo

FE - i

1+ 6%
~ The ideal transformer ratio N is picked so that max Plo) = 1s
fhis is equivalent to saying that max Fy(w) = 1 (or max gy = 1)s

fhe Fatio ¥ is equal %o 1 in most of the filters to be discussed heres

- “only for the sven order Tscheby heff functions 18 N3l &

- S MUY S S
S

|
I N Rk T
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For the load z(p) z 14 ph 5 we kncw that » 7 il ]
lin P(co) =0 . o '
because an open. circuit ca.nnot absorb power from a generator whose im:.eu ' B ’
dancs md open circuds voltage are finite. . - ) ;,__ -
The Buttemrth funct' on which satlsfled Eq. (9) and Eq. (10) is. '
n P(w)' = 1 - (11) !
DA ﬁ"f727"21’f T : ‘ !
1+ ‘ e
) " In what fcllo'c\*s, it is fecessary to introdiuce a quantitv ‘ 7 ]
Pi (p) which 18 a function of the complex variable p =@+ jo. When ;
= 0, P' (0o + Jw) §s veal and is equal to P(cn) which is the péwer in i
— . - the load.. Thus P! (p) isthe analyti¢ continuation of the function P(cn) s
which is defined in Eq. (11) only for real value.s of Do -
R . B - |
= - - igpthe Z .
- where: J isa real constants - 7 7 § ‘
' The ‘Tschebycheff approximation satisfying Eq. (9) and Eq. (10) 48y - /
e I+ e T° (w) :
L _*'_Wi‘”*“ or S e
S S - B
F) = R e e
ToVE 2 2 n .
- (—'g—-) - ..j o {p= py)-m- (p+py)
- Theé Iactored forrus of Bq. (1) and Eq. (12); may he *nterpreted _ *
- with 'the aid of Fig: MBL 1231;2 and Fig. MRI=1 tch shéw the ocation of i

_p@leé P,(‘p)_ The 2 n roots aré symnetxically disposed about both a.xes, so that
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- - -gohtains all the roots in the L. H. p-plane gnd L

2 T (P + p ¥

contains ail the roots in the R.H. :rp-»plar,ita. Note that no roots ogeuf o i
.- @ 0 o 7 ) -

.

: - : If ‘1’ 2,b1,b2 are ec"e-i polynomia’t.s in P with pasitive
F - - real coefficients. L Seees e e s

B e R S
. . "

- z12 IR T i T 15y

Tpth Rt PD

‘L 7 : S P (p) = ;‘ “““2 2,‘::‘._‘ : (16) . ‘
| SN . R o o o . - p b2 - ) L - ~ - 3

-

o Eq. (16) mey be checked by Aot iayg- that forq-x 9 : s
p . = : _ .2
o T 2+m 'bl ‘
P (jm} d P(m) = —e;— 7 2
: gy W by

aes wn.th £, (3) because T (m‘ e

ST .wh:.ch aQ:
L - ‘I‘he relation between toleranca e2 and pa.rasn.tic Toad inductance
- Lo, may be found by writing . {16) as the product of a. factor containing
Ppoles in L.H. p-pla'xe and a factor containing polza in R.H. p-pléane. The
#wo highest power terms in the L.Hs ps-plane expression are relatad to L S

To show this, L, has baen combined (Figs. MiI~123ll-6 and MEI~12: l;.x.«-d) -

with the Tossléss ladders to give ladderq having the parameters : 411 5 o ‘ ;:

21 e Z These are fed by unit generstors and terminated in
the: unfg resistor of the load. :

N
Lo

, 2k . _ok=d S
- T W o i gikﬁz,:gici 4 ene t &

i,,,_ — ] : K - LT SR - mc e e
L SV SO S et S & ;) MUUR

PR

L

) . o
b FEREL s e W R Lo
R < e R

RES
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e
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| The & of (18) and (19) are identical, For the networks of Fig. MRI-
123kl=r and Fig. HBI—IZBhl-d, ' o

Tt 1 a+ pb - - ~ i
, . E'(p)- - 2-,‘?# R At TS 7 ‘(f2,l_)' -

e AR Aty ) WENSIAASACS A B U el A T A At R s MY e

L ~ 8?2 -p°  (a+pb) (a-pb) S I
;' It ¢an be shown-that because a/pb- is a physically realizable : {-

reactance function, (a-+ pb) has roots only in the L.H. p<plkané and -
. (a - pb) has roots only in the R.H. p-piahe. Therefors a +. pb can be . S B

f' . i . . e - ) N ) -

R s Ti‘,&é;_o,-czk = S

o)

- L | . 21;71 B .V ,21> S ‘_ p”,, KXXY

n 7 - i
2k-'2‘, 7 e - i AP

- But from the 222 expression -

e e e T e 5 . _n‘_-.-‘-'“};:-,, T e <1 S

o b Zk- 2 | }: ;'pu

T

_ The Todts are .a function of € and nj therefore L can ba
found from & 2nd n, Beéause the roots are symmetrically disposed -about. .
theg' axis, only the sum: of the real pgrts need be taken. This has beern o




Report R=26k<5 2, "PIB=203 .
- Gontract No, NObsr<h3360
T Indsx No. NE-lOD-suOQ“'”* i

s el L%t
z

The relation between & and L for the Butterworth case (Fig. MRI-12341) is

- indicated by the heaw lines in Figs. m~123h2 and MRI--11971.
the rexl parts areé all negative 2
Ll e S
: Using the relation
s
. L~ . Lov
- </‘ -
and for T
23>l 1, ¥
i} For + the T heoycheff CASS (Fig.m-llsnl)
b =
g
:
S . where ~o—% ginhns .
SR L B - ) B -
: - RESTRICTED

L

" sin (2k=l)

P&ge-

- Since

b

~¥K<»‘:i@+?/&k“&)=::z‘cwu: '
: . C

i
1

R

g

B TRPTENS s 23

[EEIN - o
it
i !

,"; L

e N By

By «taane



S et

P
'

Report R-26ls52, PIBs203 - - Page 12

Contract Now NObsg=l3360° = T L
Index No. NE=100-402 SRS

For n >>1 and L, non=zero; sinh a ¥ &

S T T
g0 that
1om ' S
5 ¥ elah 31)

The results for the Tschebycheff dnid Butterworth networks are
quite differerit: for- the Butterworth, P(w) can approach ‘4 péctarigular
shape as o gets large, but L, must approach zero; or equivalently, the
ac¢tual bandwidth in cycles approaches zéro for fixed Lg. This is #]lus=
trated in Fig, MRI-11972-a where. Lo is decreased as n is increased in

jrorcier ‘10 maintain bandwidth. #As the curve approadhes a rectangular form,
the specix;catlon of tolerancs, €, becOomes cof decreasing importance

because the curve becomes very steep at o = 1 and the actual ordinate at
o= 1 may vary from. 0 t61with a negllglble change in cut-off frequency. -
For this reason ¢ drops out of the approximate relation Eq. (29). Fig.-
MRI-11972-a also ilJustrates the fact that over a restricted range of L
and &, using a larger value of n may al oW an increase in L, for fixed e ‘or

a-danPegge in = for Fivad T.. Nt oe +hat 'F'rvn + l-\e wosl“a ,vf - s T Bvegaie

gqecre & I0r I1XSU Lpe o0OTE vaG 10 Ve A uScu, a La8Tgsrw

value of Lg. qas permitted for-g = 2 than for A = 1. # = 3 permitted a
much lower value of Ly, howevpr.r The curves of Fig. MRI-11972-b .show that

it is possible to improve performance by 1ncreasing n only for sma;l'valuas N

’standLo‘vj --

In the Tschebycheff design, Lg need not approach 2ero as n
incredses. However, nature is not making mch of a canicession here

‘because ¢ very quickly dpproaches a 1imit ac n increases. Making n

greater than 3 sharpens the cutoff and increases the rumber of ripples
in the pass band, but thg ipple aniplitude does not deerease signifis

cantly. Thig is gketched in Fig. MRI-11972-cC.

For large L, (L0>L3) the &pproximato elation Eq° (31) becomes:

Y S S

Ll ) kJ I

- 'This means that the P(m) cuive looks like a series of narrow spikes.

This is not a desirable type of resporises A more useful type of eguals
ripple response. would sacrifice some gain at the peaks in return for
'greater flathess. This is not possible with the low-pass lossle ; badders

- 8hown."
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In shmmary, by assuming a 31mple form of the matching network
and simple approximating functions for P(m) it has been possibile to relate
curvés torthe parasitic Toad inductance Ly,. Choice of the
approximating iunction completely fixes the parameters of the lossless
ladder. This determines the normalized impedance z3 {or admittance yl) at
the ladder input. The 2:p3sls is a lossy network having impedancde 1 = 23
(or admittance l-y. )} and may be snythegized by standard procidurs, The
2=pole; iqvidently; is the other filter_ir the "complementary'fllter"

- matehing scheme.

If n = 1, ‘the lossless networks of Fig, & «-11968=b and MRI~
968ec reduce to méere Straigtit-through cosnections. Thén the Input of the

lossless network is minimum Susééptancz and Fig; MRI ~11968-c is useds The

lossy 2=pole coénsists of the resistor and cgpacitor in series of Fig, MRI-~

12339-b where the c¢apaciter had‘uue&ame numerical value (in farads) as

‘the inductor (in henriss). -

Note tkat the approximatlng functions used here make P(w) = I
at one or more values of ws It would be desirable to have a P(w) which
is more uniferm in the passsband., That is, increass the minima at the
expense of the maxima, or, better still, use a larger value of L, with
1ess ripple than that allowed in the above Tschebychell expan51on for
In short, reduce the: maxima of P(m) in exchange for the im=

change from Figp MRI-12339—c to Fig. MRI‘12339‘do

FromcEq. (8) it can Be seen that reducing the max1munxof Pla)
merely'means reducing the maximim .of rl(w) or g1 1») But there is ho

'Slgnificance to reducing'ali these maxima: because the ideal fransformer

gt the input of the ladder can always be adjusted to make the maximum

;rl(m) or gi(w) = 1, Thus, P(w) should be equal to 1 for at ‘least one value

oI ®, no matter what shapé P(®) may have, as illustrated by Fig.. -1233°»e.
This indicates that the complementary filter type of matching structure

‘408 not &llow cc:plete freedom ih exchanging one characteristic of Plw)

for an incrpase in another characteristic whiclH may be more - desirable,
Therefore, it may be profitable to devise a matehlngfstructure in which a1l =

maxima of P(w) cari be made lessthan unity in ordér to obtain incéreaged
bandwidth or- greazer allowable L for the same rippile.

Co An Lmeection Hatchlng Hetwork

- 1 Design Objective ,.;““ o T 75_~*f: -

=0 [ .- PN -

In thls.section, the simpie L—sectien and ideal transformer
of Fig..MRi = 12300-a will be used»to ‘match the Toad 1 + pL

_RESTRICTED R
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At the oumetr, L is Set equal to Ly and wg 15 co-w‘_dsrecl as an index of
performanca to be determitv:d, This corresgonds t6 rormalizing the co_mplex
frequency’ variabls p =q+ jo to the valus & . This- normalization is better

"0
adapted thiLhe procedure whlch will follow.

As in ijart By, no logs of
generality A\esult.’c. ) : : :

r - - -

" The. o‘\"ject of ﬂe degign is to obtain (:L addit on to matchlng
the generator pexcsctly at all frequen01es) g cumre of normalized power
_in the load P(w) which is flat for &ll o from zero wo some¢ cutoff
frequency s.. Tha value of @, should be as large & possible consistent
with the value of P, chosen for Plw) in the range or 1uterest. Pw) for
- »*°°c is of ‘RO- ..nterest in this problem,

] ‘The problem, as -gtated, resolves 1tsel:f_‘ nto the deternunatlon
of the value of w  corresponds to each choice of Pc}o that is; Po i5 -
chosen as a parameter and then physically realizable 2=terminal impedances
2] and 22 Rre i‘ound which make P(m) - Po up 1o u’w wargest possible ‘¥alue
of ® o : - o e :
c’ — T

. fmaminats on of th;;i;g.,ﬁ.s, voltages marked in Fig, MRT-12300-a -

g - N P(m)“' ll + joo r zl (4_."4 (33)~
™ 5::Qrder to obta.Ln oy perfect match = o
. SN oa(p) v {3k)
. \\A{,\: 33 ;d‘; I+p+z (6')' e
IM aerk fs"l' y3( "\) to».be phys.Lcch.ly rea.lizable
) ;; :\7 Y ;:ax 7realr art of . ‘ -j' ( 5)
. § a2 = Ps T—+ j¢o+z (jmf 24
R - - i = -

;1 the ima,,inary pa}*; of 1+ ;jm + 2 (;jco) is plotted against

to malce P(
lar arc
curve 1
the are

~ ¥ the locus of ,14' o+ 2 (‘im) should follow a circa
cen csxfsd about the origin of the %—plane for 04 W& ® T"iiS ig
of F“M”HRI—12131¢. At @-= 0, any impedance is Teal™ anﬁ thereficis
The circle 1 is drawn in ‘both

'
L
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~ ,directlons from the & = o point becanss theve is P 80 far, no knowledge

of what frequency ‘8cales are possible along the locus. The desired cir-
cular arc¢ in the s-plane of Fig. MRI-1213) maps into the circular arc 1
of the y-plane. It is geen that the maximum conductance. of this locas
occurs at the point corresponding tc o =o. This d.¢. conductance sets
the maximam value of ideal transformer ratio n. nronded the uncontrolled
(>0 ®e) part -of the 1/ * Jo ¥ zl { o) Tocus does pot ¢ut into the shaded
rqglon of the y-plane.

" This forbidden region of the y-plane m&ps into the sha.ded c:i:rcu-
lar area of the z-planeé: The locus of 1 + jo + %y (;jco) $hould not-pass
into this forbidden circlé. - Tn addition, the real’ part of z3 (jm),

ry(w), should not be negative. Thereforé, the locus 1 + Jwo + zl(joo) -should

not. enter ‘the shaaed region to t-he left of the line ¥ = 1,

The cheice of Pg -corresponds 16 picking avillue of ro, the

radius of the dﬂsired arc in.the z-plane.: This makes

2

T R - - g : ‘(3613.).
T S 1‘12. == _,7",“;‘:"2 $ - R
= '1 * ‘5;'5'03 14 - ;";— === (36b)
s ©

: 2a ] Graphical C culation of z-, (jo.))

‘The value of g corresponding to a particular ro is det.er-

mined by finding an impedance- 51\,,) which makes the locud of 1 + jo #

_ l(jm) follow the circular drc of radius r,. This cen ve done by trial
and srror with the aid: of charts iu WNetwork Andlysis and Feadback '

Amplifier Design"; H. W. Bode, Van Nostrend, 1945; Chapter- 15 and with
the aid of tables in "Phase of a Semi-Infinite Uait Attenuation: Slope"

D: E. Thomas; 5 Bell Telephone System Hono;raph B-J.:ll. The trial a.nd

(2) Assuming ihat 21( ~did-a miaimum reactance
~ funétionh, uSe the numerical charts ahd tables
" to compute x1( m)

(3) _ “Plot, ‘the locus 1L+r (m) * o+ ixl(“’)

) - Make corrections in the - ,(,m)rf curve to make -
“the 1ocus follow more:- clos Ly the desired

- circular arc.;;

R & b § _“Arbitra.rilvﬁni ckaa ,ﬂurvegr- LY wn e “ o el
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! The gbove progedure amounts 1o it tle ‘more. than plcking o o
% . l(m) curves Mout of the hat!, - Two steps are necessary in order i ,
. - obtain an answer by this procedure- . % ;
- S (1) The exact locus of 1 + Jo & zy (:}m) mast - P
- be. specified. Until now, the™ only spéci- - ¥
fication has been that it should follow the i
" circular arc of radius r, for as large a ' 3
; frequency ‘rangé as possible and should not go 2
5 through cerr.ain forbidden régions., - % 7
! I 7 B
(2} & type of e.l.ementary res:.stance funct:.on should i
| be chogen which will permit a reasonably system- %
{ atic , ‘conveérgent buildingsup of the desgired .
E' _ e < "f_')function from the elementary resistance oo
. functions. :
; e - Specification of uﬂp‘ed ance Lo ‘_s o L i
- : i
(o o ... Thé following ¢onclusions are supported by various amounts ) i ;
SN of rigorous. proof' - , , : !

(a) zl(p) should be @ minimumxeactance functiono .A__ P
"~ pole at p = o would be equivValent to y.ddmg o - i
parasi*ic inductmce %o the given load: this is -
¢learly undesirable. A pole in the range
o £ 0&®; is not .allowed bécause Ple) fust. have
a zero whenever 1 + p +-%,{(p) hes a pole on the
D = Jo axis, The only otflxer ‘possible way for Zl(p)
. , : : - t6 be non-minimuf-reactifice is for it to have &
Lo . o ' ] poéle on the fimte jca axis at a frequency greater
i _ , N _ than wgs But the effact of such & pole on the
: : properties of zl(jm) 3n the passband would be - =
similar to the effect of & pole at infinity. The
indjc¢ation is, ‘thérefore; that zl(p) should be ,
~minimmn reactance. L A

RSV 5 - [ TN PSR ST AP

[N

() x5 (o)) = o for w>@®,s Ared inder the rusigtance
curve at frequencies above the pass band adds, )
~dn the pass band, positive raactance which varies -
_ . . o ..'Linsarly at. low frequencies and increases slope
T R . . @8 the cutoff frequency is approached. Within
e T LT oL the nass *band, the shape -of this reactance curve

S e <. IR :
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cannot be -¢losely controlled because i.he, r951s=_

{
tancé aréa which produces the reactance is outs {l:
side of the pass. ‘band, - ‘Thus, ges;st.ance area 1
above the pass band is équivalent to-additional o [
“parasitic induct.ance in the lcad, and is undesir- = =~ |
able. Therefors -the 1 + jw + 2. (jm) locus should
fiéet the ¥ = 1 line when ¢ = W and mu“‘ lie on
th:.s line for all w}co . . :
{¢) 'Experlence wrbh a large number of lon~1 ‘Seenis to o
‘indicate that after 1 + jo + jo + zl\ ;jco) Teets the o
r = 1 lins at o = g, the tracing point cannot, move | -
down the ¥ = I line and then reverse i#§ direction b
and move Bgck up: it apparéntly always moves in i
arn ‘upward direction, approaching the impedarice Sl
1 4+ jw at large ws Th’ 3, incidentally, insures that
the locus will not cut into the shaded circle of
Fig. MRI-1213h. S
. k& aresult of these cA,, sideratish s _it mdy be concluded that the )
ideal :unpedance lwus is of the fo“ h own in Fig.,MRI-lZBhO‘:a. ‘ T :
Ba Sample Calculatlon ;-
- - - ’ H
o 'I‘he elementary resistance function which was: i‘ound 16 be
most useful in building up the ri(w) curve is shown in Fig. MRI-12340-b. -
Charts of reaciarice corresponding to this #sfinite line segment“ Yesgistance
curve are given in Bode s ChPpter lb. - -
Saveral T (w) cutrves and their correspopgiing 1+ Jo+
zl(jm) loci are shown in Fig. MRI-12136 and Fig. MRT=12137. These sre
gaing of the curves-obtained in the siccessive approximatlon ‘solution: for
T, = 2. Note-that in- the- first two curves, theé-value picked for w, is
{oo 16w and the calculation curve goes inside of-the desired contour. o
in the last two, the value of 0, Is about right and the calculated b
_ . _cu¥ve is_almost equally distributed about the desired arc. Thus, L
®, = 2,6 for ¥, = 2 It might be suspected that if the rl(“’) ciirve were
vefired to obtain a4 cloSer approximation te the ecircular Iocus, the ;
freauency scale might be changed’ comnderably' and, therefore, 2.6 is :
not. very <¢losé to the correct value of wz, That this is not true» can o
~be shown by the fo.l.lowing integra.l calculation. L
I
e
=




Report Be26l-52, PIB-203 - ‘pags 18 - -
- ' Conttracr Noe Nobsr«13360 S - L e o [
L Iridex Nos NEalOO-:hO? ~ - - :

Se . Integral Formula Caloulation of Cbtoff Frequency

- The complex trarismisgion coafficient t(p) is shown 4in
Fige MRI«12300-a as the complex voltage across the load registor when
uhe exc1tation is as shown in the figure. t(p) 1s seen to be -

T+ p:+.zl(p. )
Mgking P(w) flat for o g < W corresponds tOumaking
It(jm)l flat over the same rangs. Call tﬁis value tg. The behavior
for large p is cetermined by the parasitic unit inductance (31nce 2] is &
mihimum reactance anction) ‘g0 that

lim

- | - S t(pj = B '7 ' (353:j :

- p=3o - P

The following line integral faken around the p=plané path -

of’ Fig. MBI¥123hO=c encloses no poles and hence is 2éro. In addltion, R
the closure along tne ‘infinite ar" contributes nothlng to- the integral.

~-” - T 2Tt

and taking into account the oddness and evenness of “the amplitude and ’

108 = - log ltl ® f=le s+ €} do
w“ 5t

b R
i i

v Te

e e — T

The léft hand side of Eqe (40) becomes & simple 1ntegra=
tion ohi & sinusoidal frequency scale if @/ wc = gin &, The right hand side-

t?p):! S -'Wgw, =5 7' h f(37f;

phase of the integrand of Eq. (39) -along Joos one ootains7 R -
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can bs transformed by letting segy = r;.s;f&? . Bg. (hO) becomes:
P w2 e .
I -4 1o J4] a8 = [, (94 —-)secyd ¥
o ;Qc ) -0 27
‘ _4 = (hz) _
.- . The first integral is easlily e.rvalulated by No, 513 of Pierce‘s
Tables. Its value_ is
. ) B - ~ . (5) - l _
—é_ log 2 = _’; Tog =-£ (ihS;_)'
 The second integral is evaluated by no.,ing that log 1t is
constant in the range of integration. The R: H: side integral of Eg.
(h?) can be evaluated graphically from 2 knowledge of z (ja))o
S 'n/‘2: '
€ ou ) ) -0 - s m T TR S
el - —

o v
B
i ==
i‘

A

\7__
h
i3
|
;
;
: —

-

‘-
i
4
H

R '6’*’ '

o ’ For © near mc,: fsec)ls ~.|., a.nd the 1ntegrand in Eq. (hh) is well  ; -
- behaveds -As ) approaches n/2, sec J-becomes dnfinite $o0 that it is N
fnecesc*arv to determine the 1limit of the integrand as « becomes in_rmite.
S high frequem,ies . (jco) ¥ o so that t (Jw) i8 determined by the load -
-8.101'}30 ) - ‘
t,(gm) ; T—,j" ]t(c}mﬂ ¢ | \(.héaf)_“
. %< tan =y R © o {uép)-
- R U S ‘
=g W geCy (u7) A
) ] ;
B w "~ REQTRNZ:T&" [13; . — o

¥

. i o . ' .
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' Thus; &% high frefjuencies; the integrand in Eqs (k5)
! becémes sinply l/ao « The integrand is shown in Fig, MRI-123Li0<d. O
Mo sheck the value of @; = 2.6 found f£or To = 2 Ea. (45) P
; is used, (©.+ n/d) is obtained from the empirical calculation of‘;Ll(aa). j
: " Nete :ishat for tne range of this integraly 1 (ao) = 0 80 that i
L i
o - 9 = tan (m +¥-1(w) b , B 077 N s
A curve like Fig. MRI-12340 plotted to large scale gave - b
: +677 &s the value for the :mtegral. Noting thet the ideal tr,.nsmrmer ]
ratio. required is n =/ from (ha,) and ¥ = nfr, = = 11 7 i
L ey e =260 — (k) i
e ‘Thus, the integral formuls confiims the value B = 2,6 j
- - - - cobtained frof the gra*)hlcal caleulation. The @xact agreenent obtained S
<_ o b_ere is probably Poincldental B - 3
- R P ) _T4-should be noted that the integral in Eq. (l;S) is = . :
; ,approximately 1/03 n/2 which is ,605 in this case, corresponding to the P
P o unshaded area of Fige MRI=- 12340-d. The addition due to the Shaded area 4
Lo - is only .072: Assuming that this small contribution is approximately f 3
- S invariant when the r; (@) curve is changed, Eq. \hS) can be written as ; it
A Lo R oy | ‘
' x This is a transcendenta,l dquation whose solution from the 1
i prévious -Galculation is known to bé @, 2:6. The aignlflcant point here b
is that W “¢an be calculated even if zl(jm) 4is known only appro:d.mately.
. £
1 : This is a reasonabie result because‘;tl(co) fof w§ w B8 T o
o not greatly influencad by the shape of ‘the rl(m) ¢irve in the pass band. ? ~4
b In addition;X X«l(w) is small ‘compared to the parasitic reactance of the 7 .
2 - ' _ 10ad for Targe w. Tnis ma MAKES w\m) ¥/ 2) for @ ase pracuicslly inaeaé-?w—m,-*w -
pandent of the exact form of 21 (o) However;(8 + n/2) is a function of e
®j while the integral is &3 reased in terms. of m/coc. This process of j"
»normallzaticm mqkes the jntagrand almost inversely proportional to O e Py
L , 1‘3”
é . ) , i
PSRN S . i = s ‘;?"
AN : R - ) - o = = - T =1 K
e e R - C3 g
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’ ’ - The ¥ o)) curve for the 1ast 1aedus of F'g., MRI«-l?l)? is
T hown. in Fig. MRI-2i 3.38 ‘I% is compared with the curve obtained by
S making 2,(p) & simple R-C circuit as shown in the figuve. .

A ; It caa be. seen that t.he bandmdth of ’ohe e'ompllcated 7 . i

- cirw.it. ~ _— , - B
;n,m The Shunt.-L Hatching Network - '1' ] D '
> : ”‘nere 13 -no ii r;r:].ox-i»reamon nhy af: .,-pad cox;. sist* ng of a shu:s‘ %

e element followed by = 'series -element should be bettér than an L-pad with

. serigs and Shunt élements occurring in. the. opposite o&'dero The: use of :
S the matching network ot Fig. MRI=12300-b will therefa:e be corisidered - - 3
- —  in this section. For.this network: . S , g)‘; !
. ' - : ' Iz

- - . - R PR

4

4

- . 2 1 3 R - e X 2 ‘;‘
{:_'-' S s - B 3 "\F i T . - -k oo —\. - . T
- For Plw) = P in the "pass band" it is nece‘r ary to make o i :

{

o= T - . %

. s !y(:jm) 3 : e ;

LT LT T e 04.0; 4(» ; e 3

o v (jm) is givep as r——i so if values &re r*nosen for i and Pm‘f

oL 5,'0 > each ® there is a circle c'.?ntered about the ¢ igm of the a.dxuttmn S %
S 3 g@) ' b

N pi ie. Whose. nad;us. ig LAY i (raferred %0 as an "u—c*rcle" :‘. F'L,; o
O ny Pt = Tk R
1 B B — -1

S “the. appropriata ascircle. Some éritical w-circles sve dhown in MRI-| ‘
12303: In addition, the Yo locus can intersect on;.y a cetrtain port: .15(!.5 oo ;i

e e e @ o L e e

SR of each circle: that pari of the -circie whitcii 1tés to the-right e

|

| . ’ poinu on the ¥5(3w) iocus correspondingiLmzy valur= of . must £a1Y o1
| .
|

} -~ - - péint representing y(;]ce) in the admittance’ plane. In other words,

7(’7},‘ 82 (oo)> g(co). This restriction is necessary ‘to insure that gl(co) 3 t

";\b e T Cel : - o - ) - : ~ %

. . i e . ) ;
[ — o ) w3 &
T w5 - ¥
! '/"\;7 ‘ f;‘ - - i B . T - :
| "{,‘ N YA - ) E é
I:-. ST s R . - : I
L ) £
.
FE
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i R § -
{ %T‘:
; - - ~ ‘Note that 4n_the previous section a locus Had to beé designed §
iy " which followed & single curve: & circular arc¢ for o0 € <0 and a i
stnaight line foF &> Wga The present problem spzeil ified 4 diff‘erent P

cuive for each @ for O 4 R ang then specifies nothing at a.ll for
o> g (except that 82(m; > 8 (@) )¢ The latter problem might seem to: ,
LA _ ‘ be more difficult becausa of the greater ccmnlexity in the specification ;
, ~ - of the des:.red locus. S B : : - -
In the presen"é ‘caseg, howsver, the locus speclflcation -does net
) _ introduce undue difficulties. Actual trial sShowe that the desired locus
. o intersects many of the w-circlés near the axis abscissas. The w-circle
arcs are normal to this axds so that the susceptance may vary to a con- -
siderable extent without "'aquiring an aporeclable change in conductance
_in order to remain ¢n the prover w-circls., This means that the point
E ~ at wbich the w-circles c¢ross the réal axis give 2 good mitial guess _
‘i L for -ne conoustance fanction, o , . o S

; "\"

- An a"?* *ional requi:ement on the y2( jm) locus of this prohlem is f
‘that Ty (w) £ n” to psrmit ph'*ical redli zablhty of %,+ 'This meanis ’ T
that the yo(jw) locus must noi intersect ths "transformer-setting" circle I
of Fig. HRI-l2301-a. This circ:z, as deao:'i"\ed in the precéding section, ;
i§ the admittancesplane map of I = n2, The problem 1§ now to find a

D 714 ‘im) which satisfied the aboys requirements and makes ®5 as 1arge as
T pmsssit.vleac Two alternatives exist:

-

@) Yl is & minimum- "usceptance functlon. The y2( Jaoy locus ‘
-touches the transformer—sett ng “circle a2t w = W and foIlows it for
i . ﬁ)c&(&) <. as Shom j-n Figo HRI"‘ c.BOl"bo

= ‘ (2) ¥y is not a mnim\m suscep‘c.ance functicn. it has somé .
shunt. r'apacitance. This permits the y (j@) locus to run over the top L :
of the transfo-mer-settix‘g cirdéle in tﬁe xpanner of Fig, -} _"41'2'301ac. R C
It is tangent to the clrcle &t some w in- the pass bam‘l° , , S
.. 'l‘he -¢onductance curves wr the two: alternatives are sshown in
‘ Fig. MRI-12302-a, For altérnats-{ 1) the g2(a>) curve dips downt and

. /1 7- 3+ o o 1 1+ 1- —%0: —the‘ V&--"\l"*"ff *’f_ While .LUJ RV ETHEE \c; ths 52(&)} cuErveT T 1
Keeps dropping antil it rea&hes ths. g(w) curve. The g (w) curve Gén- -3

, nét be controlled beyond this peint because there is no more conduthance .

S , _ left i gy (o) to be removed. «, is that value of w at which the gy{w) §

¢urve reaches the g-(w) curve. -

£
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In aternate (1) note that the Yo (Ja) 1locus funs 1nto the
the transfc“mermsetting ¢ircle at a value of |y2| sllghtly smaller than

n2

,(553;)“,

= ‘YQ(J@) is amall Eq. (53) Can be substltuted

- lfy.-_g (o) 5=

As long as 2;
‘n©

J/F;g 7= n-ly(Je ) | | S
" From this it can be seen that for a given G, the largest

possible n shoiild be choseii to make P, 2 maximum, The upper limit on
n -can be found by coqaiderlng the network at w = 0, sdere it is entirely

In Fig: MRI-1230C=c, the largest value of n for a given. P
is obtained by making gl(o) = 0 so that

(Sh)

o IWEfel gz w giving -
] mascimum allowable n = ;5%;;;fi (555
o - | o
With this value of 1, E4. (52) requires that .
frptdel} = dytam)] 56

This alternative was worked out in detail for P, « —i- and the
¥5(jw) locus is shown in Fig. MRI=12303s The value of ‘W - obtaiped -
1.8, quite a bit lass than the ws = 2,6 oktained for the network of Fig.
MRI~12300-a, Noté that the approximate ®eo given by Eq. (Sh) 18\/75——-

o4

N . .
wo T S o AR i a0 )
ca . . .
4

P IEe Bl

.

PP TR et =

A Sopt b sl ™ S

e iy <A
LR T

‘Ths best value of n for alternate (2) 15 not sSo obvious., 4
value of n less than thé maximum value allows 4 larger range of 8] )
variation which would be an advantage if the yg(jw) locus did not have
to be maneuvered around the transformer-setting circle. The diametef of

RE‘ S‘TR!C’T&:@
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- R — thls~c1-rclevvar1es -as =-:!;-- 80 that the incérease in size of this circle

! is more rapid than the ificreasd in range: of gl (w). As n is decreased,

| - a larger shunt capacitance fust be used in yl and gl(o)) Tiust, fall off ,
~ ' faster in . order to: intérsect the proper ‘circles f£or each w., As n is

B decreased t‘rom it maximum permlssible value of ;l];“:t it is actually

.. - .. found by trial that ®¢ becomes sma: ler because ' O the increase range of
Sl(m) is more than offset by the dllficulty of getting the ¥o 16cias
.around the 'larger transformeruset ving cireles Thus » the best, value for n

~ turns out to be ths largest perm_ssible value.

Alternate (2) is worked: out for P --2-- and the y2 locus {5

‘shown in Fig. MHT-12303s -The W = 2.l obtained in this design is better
than the @, = 1.8 for alternate (l) but i3 not as good as the w, = 2. é
i- obtained for the series L-pad of F:Lg. MRI-12300=a,

we b3 s GRS
Ve ven e

a0

E. A T-pad, Ma.tching Network _ o -

‘ t It might oeccur to an investlvetor that for the simple load

L z = 1 + p, no advantage is obtained by using more compleX matching con=
figurations than the series and shunt structures so far considereds This
conc¢lusion is encouraged by the difficulty of de81gning a more c¢omplicated
structure to give a greater ©e for the same P,. One such ‘network, however,

~has been designed and is reported here t o indicéate that more complicated

networks ¢an glve better performance tha.n tra best of the fopads.

_ , ‘
LS R RSP RE T WL T o o J v RS Y
- ‘ . L e

For tthe ideal transformer' and T=pads ’oi‘ ig. 3 -12300«-d, . 7 e

lyz jm)l 7 _; (757)7 - S

I - T e Pl) =

2 -
. : Co lyh\jm)l 7
Physical realizability of ‘thie ¢lements of the T requires

'
L T T U DN o
Lo e .

Crfa)are), g @)ze@, nen® T (59

T The zl( jco) function is arbitrarlly picked as a low pass rllter T
funétion which is simil?r to the resuli obtained for: El in the series ] :
matching case (Fig. MRI= 1230&-3.) S ] S E
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;.Jl, - (-—-—) - j— for o«nunc
Pe C%

S
l(co) =0 7f"or o, 40l (5%0)

7 zi(jcéra ro(w) +3$i¢o§ﬁe

7 ¥y is known and is plot‘ed in Fig. -1230h for ceé =3 *
1= 2:732, For P(m) B, in the pass band° .

13, 3@3) | R - Jygtie)] ccwew, ~(‘5°)’
Tt w"P:—_“-' 2 = F¢
The realizability requirements Eq. (58) require that the yj(, jo))
locus should stay outsidé of the transformer=setting ¢ircle and that every . .
point of ¥, (&) should be directly sbove or to the right of the gofres- '
ponding point on Jo(Jjo). This is €4sily aécomplished by a y5 which con-
ta:Lns a shunt condenser. The yh( Jw) locus is plotted in Flg. MRI=- 1&‘20)4

for P = —}2—~ and 1 = !/?_ The aeso01eted gh(w) curve is shown in Flga

‘MRI-12302-V.

"‘he We = 2,73 obtained here is only sl:Lghtly better than the
we = 2.6 obtained for the bast of the L-pads, but the ease with which this"
network was designed secms o mdlcate that considerable iwmprovement. in

- ‘performance may 3 obtain ed by des:Lgning ‘the optimum T network and points

V.. Comparison of Varlous Ha+ch1ng Networks

towa.rds the uss” oi even me ~a- general nétworks.

All the empirlca.}. ieS.L'g’r-s of sections III ‘B, Cg and D Were

_ worked o ut. for P = —%— . It i- instructive to compare the performance of

the L anu T pad networ :) with the - complementar‘y filter matching networks
of Part III-B, Such aicomparison will give an indication .of ‘how fuch
bandwidth 1§ obtained by eln_mnating the: ripples associgted with the coms
plementary filter design. The Butterworth ¢haracteristic for large n

P s

S (I

was not found to be satisiactory 85 the examples selected from III B are

the Tschbycheff filter for large n 4nd ths response for n = 1. (“or this
-¥alue of n, the Butteérworth akd Tchebychefx functions are idesnti €a1 ) )
‘The basis for compari son: will bé the walue of @ obtained with each méts . -

: ,‘,“°rk for L, = 1 and ._],;.. ¢ Plo) <1 for o L@z mc. TQ@Q thigp it 18
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) ) merely necessary to set e = 1 8¢ that - 172' ?7.§lrg The value oF ﬁor
1+s '
obtained for the Targe # Tschebychef'f filter is the value of @ which
would hawve been obtained if w, had not been set -egual to 1 and” L wers

fixed at .- The results are tabulated below:

Compari sor & Matching
Section Performance — - = 7
e e ;AMax. M:m P(w) E’r:,_:;i’ o

Sectlon, Type ] P Jocwew T %t

b T T
~ - = Imutterworthor -} 1 | y2 -p-1x | -
- ) f Tschebycheif‘ 1 1 R 1 ~

o ;

LR

o :A, Tschebycheff ' I | o .
p=o 1 o lfe- 118§

(=R VR IR EY S S

T o mtemater | MR P oWE oG -

e
. Alternate 2 | 1/2 1 /2 1 2.k 1 , |

? SR V2N V2 PR e | i

-
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v RF"v'Tmm‘f:n-
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Arbitrary Impedances™, Jour: Franklin Institute, v, 2495 n. 1 !
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 He V. Bode, “Natwork Analysis and Feedback amplifier Design"

New York, D. Van Nostrand Co., 19h5, P 199 -~

Bode, 10¢. cite, p. 3624. . "
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