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In this investigation, a cascade synthesis procedure is developed

';.:to reallze RC transfer functlons w1th transm1531on zeros 1n part of the

'”'right half of the complex-frequency plane.

The procedure 1s similar to

'-;the Dasher procedure for reallzing transmission zeros 1n the left half _";

' s.of the complex-frequency plane and is to be used in conjunction with that |

'procedure. A brief descrlption of the procedure is conta1ned 1n the fol-'-

:h.ilowing paragraph:

Given -an. RC immittance function of suitable degree Y (s) or

(s), the umnlttance is deve10ped by removing a three-terminal

'w_network which produces A pair of conJugate transmission zeros in'

I':the region of the complex-frequency plane given by

.hsqq <f1&fgpgll<:99?t,_ l“ E

-lgiand which is terminated in an, RC immzttance functlon, Y (s) ot

1¢Z (s), whose degree is less than Y (s) of. Z (s). , j'

<.

f'lThe cascade procedure may then be repeated using Y (s) or” Z (s).

'lseveral repetitions of this procedure result in a. three-terminal network

' ”made up of cascaded networks, each of which produces ‘a transmission zero

or pair of conjugate transmission zeros and is called a

coupling circuit. .'f

‘The procedure may be used to realize the transfer functions E2/I 5. E /E

,pJI /I1 and I /El. For these cases, a driving-point immittance function, _“'

7QZY (s) or Zl(s), is derived whlch is compatlble Wlth the given transfer S

5.funct1ons The immlttance function is then developed using the cascade
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The 1nvestigation is diV1ded 1nto four interrelated areas. f”""'

'3l.These are.

321{ Determinationlof the effect of surplus.factors._lff'” ‘
ll'2 Determination of.a set’ of coupling circuits for producing
'l-right-half-plane transmission zeros._'

. 'fd3. Determination of a set of.preparatory-step conditions which .
d.*Will result in an RC termination.-.h’-d" . A |
'*34.- Determination of a procedure forlchoosing.the most suitahle

e coupling circuit for use with a given driv1ng-point immittance and a

pair of transmission zeros._ﬁpp R

'I'_.

v_moreldifficult than the Dasher procedure for producing left-half-plane o
:-zeros. The increased complexity 1s caused by the neceSSity of the use B
of augmenting factors which result in non-negative numerator coeffic1ents
_ of the numerator of the transfer function before cancellation of any

:gcommon-factors._ The augmenting factors are restricted to specific ranges

dz_[the compact poles of the coupling circuits. However, the factors are

'~f'shown to cancel in the overall transfer function andj herefore are not
-transmission-zeros._ Furthermore, it is shown that the augmenting factors;

.:need not be present in the driving-point immittance. The augmenting

'_'_.-_surplus factoﬁ used in other synthesis procedures.

it

_procedure to realize the transm1331on zeros of the transfer function. DT

The procedure for realizing right-half-plane zeros is shown to be;l'

' 'ifcause additional preparatory-step conditions and restrict the location of_;

:ffactors are referred to as’ surplus factors, because of the similarity to L

The procedure developed during the 1nvestigation 1s confined to _i"ﬁ

RO values depending on’ the location of the transmission zero. The factors ;-_ N |



imm.ittan.ce

_g;y-compact.

the one-surplus factor case, which limits the location of the transmission-'
. keros to the first 30°-sector of the right half of the complex-frequency

fplane.- Many of the results of the investigation are shown to apply to the ::-

use of multiple surplus factors and therefore to an extended region of

.'f _the right-half plane.n-hxdj_}g_,

Eight coupling circuits are listed for use in the new cascade

”_s_synthe51s procedure._ The list of circuits is not necessarily complete.--_:'
B Each circuit 18’ described in terms of the allowable pole locations of the
._ short-circuit admittance functions, Yll" y12, and y22 or of the open- fi'"

'f circuit impedance functions, zll’ 212’ .and 222.. The pole locations are

‘ -described as functions of the surplus-factor zero, which is restricted

'to a specific range of values.- The eight circuits ‘are shown to cover a . -

fhiwide range of possible pole locations. Thercircuitsjare-zecompacttand i

As ‘in the Dasher synthe31s procedure, the given driving point

“-5_1mm1ttance Yl(s) or Z (s), must be prepared for removal of the coupling C

:fCLICULt by removing series ‘or - shunt elements. It is shown that in 'T.'

' certain cases the new procedure requires removal of both shunt and series
'“;'elements. The preparatory step 1s shown to place requirements on the ;j?;-'

":function Yl - yli and its derivative at hoth the transmission zero and Elhli'

..hat the surplus-factor zero._ The derivation of{the

‘l'ditions shows that satisfaction Of the preparatory-step conditions will

r 3

-onot only result “in, an RC termination, but will also cause cancellation of

R A
oy

.the surplua factor in the overall transfer functions ‘of ciréuit. ;T'lﬂi,d*'x

A method 1s derived for choosing the most suitable coupling cir—?ﬁ'lﬁ' 5

fecuit to use for a given synthesis problem.l The crrcuit is chosen during

- LI

ﬂ,ggiii]’n




the first step of the procedure. It is shown that the circuit may be
-chosen on the besis of the relative poie-locations of ‘J:’.1 and yll’ or the_'

-relative pole locations of Z1 and z11 f“f:f.-;-ﬁ}'fjrjf'r.j;i_._ﬂ"-~_f

A dlscussion of the compactness property of the coupling circuits is:_z

'dincluded. A simple procedure that can be used to. determine whether a
, given set of z- or y- functlons are y- and z--compact is developed. Use
" of non-compect circuits for the caseede synthesis procedure 1s discussed-

";;end shown “to- be feasxble. f{%fﬁe

A special technlque is demonstrated for the use of the procedure in

'u_realizing e given transfer function with e specific termination._r TR
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Statement of the Problem

The cascade synthe31s problem discussed 1n this thesis is~an*in-f~'
ﬂtended extension of the Dasher1 method of cascade synthesis of RC netWorks

"_wto include transmission zeros in part of the right half of the complex-f

'.;frequency plane. The problem differs from the Dasher problem in certain

Taspects because of a surplus factor requirement. "The: problem is. stated

'tr.;in the following paragraph-?"

Given an RC 1mmittance function of suitable degree, Yl(s) .0r

Z (s), develop that 1mmittance by remOV1ng a three-terminal net-;f'

work which (a) produces a pair of conjugate transmission zeros L

in the region of the s-plane given by

"; and (b) is terminated 1n ‘an - RC immittance function, Y (s) or ';”

Z (s), the degree of which is less than Y (s) or Z (s).

: Although the procedure developed in solution to the problem may fﬁlwﬁ'f-':

' be used to produce left-half-plane transmission 2eros as an slternative_'

to the Dasher method of synthesis, it offers no particulsr advantage.

;.Therefore, the discussion in this thesis concentrates on the development ?th:;
'“of the procedure for producing right-half plane transm1s31on zeros. f__r]}
The procedure to be developed in this thesis may be repeated using-

Yz(s) or Z (s). Several repetitions of the procedure result in a threer,..

o

"i?psqff<f]afg;s|[<;gofbf R j‘z" IR ¢ )




terminal network made up of cascaded networks, each of which produces a v

pair of conJugate transmission zeros and is called a "coupling C1rcu1t W,

The process may be used in conjunction with other cascade synthesis methods. -

For example, negative real transmission zeros may be produced by an exten- d=
fs.sion of the Cauer ladder development and conjugate pairs ‘of 1eft-ha1f-
plane transmission zeros may be produced using the Dasher procedure.ﬂ:dfll'

_ The procedures may be used to realize transfer functions, such as-élk
E /I E /El, 1, /I and 12/E First, a driving-point function.must be |
derived which is compatible with the giVen transfer function. .The o
driving-p01nt function may be either an impedance, Zl, oY an admittance, :_'

',.Y

1 Second the driving point 1mm1ttance is developed using cascade syn-i”'

o

'-f thesis methods to produce transmission zeros or pairs of transmission

'zeros of the given transfer function in the step-by-step manner described"

'f: Previously. ”.;':;,ﬂ?.*ﬁa~;ﬁ-u'“hr

Origin and Historv of the Problem IR

The study of two terminal-pair RC transfer functions 1s of prime.
: 1nterest in servomechanism and other 1ow frequency applications of elec-iV“-'

:f trical networks. The results of the study of RC network synthesis may be ;¢¢;

' applied to LC and RL network synthesis._- g

.,_ N

Existing methods for RC synthesis of right half-plane transmiss1on_.

.ehf'zeros using three terminal networks are the Guillemin parallel ladder

._:procedurez and the Fialkow-Gerst polynomial-partitioning Pfocedure3_. Tbe iﬂ” o
.h'-'-'G“ﬂleminl Pmcedure realizes only le transfer functions or- voltage trans-..r.';
"lpfer functions. The Fialk°“'cer8t Procedure may be used to Produce le’iii
"H 12, or. voltage transfer functions._ Both methods require an excessively ;Tfﬂ=.
.?;large number of elementsi No single element or group of elEments 1n




- -eith’ei: iﬁroéédute- controls “the ocation- of each ...Ei-aﬁ.ém"i'és'.ibn ‘zero. - Instead,
.each element affects the.perfornance of.the.netWOrk at all freouencles and
therefore no independent adjustements are"possible in the phy51ca1 network o
The Dasher procedure overcomes all of the disadvantages listed in |
thelpreceding paragraph when compared to those.procedures as they are.used
to produce left half-plane transmission zeros In addition “the . Daeher ;.W

1

‘.procedure may. yield a. larger galn constant than the Guillemln procedure
The primary disadvantage of the Dasher procedure is the difflcult prepara-'
tory step, which often results in a small gain constant ' Seshu and p. :

..Hakunl4 studied the problems of 31mp11fy1ng the preparatory step and

) _extendlng the procedure to 1nc1ude rlght half plane transmiss1on zeros.
.”sThey“nere not successful in-slmplifyingﬁthe preparatory.step -Howeveré'p'

:;they did conclude that the procedure could be extended to the rlght-'.'..
:_U:half-plane and they suggested several circuits which might be used in ‘3 .
Ji;the extension - N | o
. : Meadows5 observed that surplus factors could be made ‘to cancel_i\

'from the overall transfer functron for cascade synthe51s

zPropertles of RC Functions

. $or subsequent reference aubrlef discus31on of certain proper-n“”

’ ties of RC functions 1s glven here s

v

The Foster expansion of an RC driving-point admlttance may be f‘

=3uwritten as .
.}ftzx:.a""-




'fi*and positive._ The'k'.svrepresentﬂthe;residues.of corresponding;poles-and'

.i:lthe values of k and k may be zero, Tﬁe“Poles'and“eeros%elso'élternete'" e

":'fplane except along the positive real axis.'

In this expre331on the k's must be real and p031tive and the o s"i
must be real and positive. The expre331on may be obtained by expandingl"
/s in partial fractions and multiplying the result by s. The k

"irepresent ‘the- residues of the corresponding poles. The values of k and

"k -may be\zero;- The poles and zeros of an RC dr1v1ng point admittance “
alalternate along the negative real axis of‘the s-plane. The first critical
- point (zero or: pole) starting from the origin is a zero, The origin may '.
I-or may not be a’ zero.. The 1ast criticel point is a pole.' A typical
graph of an RC admittance function along the negative reai axis is lndl-.l
.icated in Figure 1.‘_22;:'- |

The Foster expansion for an RC impedance function mey be written

As for the admittance function, the k's aﬂd the as must be real

” along the negative resl axis.: The first critical point starting from the

1

.litorlgi“'is a'P01e.I The origin maY ‘ot may not be. - pole. The last critical
::frequency is a zero. A typical plot of an RC impedance function in indiu

..-cated in Figure 2, ' '

.. 'RC-transfer-functions,l-12(8) and 212(8), for three terminsl net-l o

'T'works-have.the follow1ng PropertiES-_*'- o y

.Hl Transmissi@ﬂ*zeros msyvlie anywhere in the complex frequency
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- 2
point impedance. Poles of le must slso be poles of X

driving point admittance.

'-f"3

common to both numerator and denominator.

- importance for right-half-plane transmission zeros.‘

Notation

M - schem . . . . .'_. 'v -
S "1..._'. |

) c0upling circuits.

-

-ws.admittance functions.-' o

-'{;5-3 Transmission zeros are defined as s

The sequence'of steps ‘ fthe Dasher procedure, assuming'that an

s

T mission zeros ‘is at so'

:5*¥Eis as follows'vfﬂ' “

Poles of Zl must also he poles of Zl, the associated driving

1, the associated

The transfer functions, when related to a given circuit,.must

_ have non-negative numerator coefficients before cancellation of factors

This property s of particular

The notation used throughout this thesis is given by the following
Lower-case letters refer to quantities related directly to the'

- Lowerncase letters having double subscripts always o

£ 2yi z12’ z22’ y11’ Yiz’ and y22-
_2; Capital letters refer to the over-all network impedance or )

o a + jﬁ - m g and
m [ where |s | = m v For left-half-plane transmission.

:ﬁ“RC admittance Y1 is given and that ‘one of the desired conjugate trans-”

= a + JB > where a represents a- negative number,







\f;;'ﬁpoles from lfY Fy

'Wﬂffchosen from one of the three circuits of Figuree 4 5,_and 6. q.:fif”

Step 1. Remove an'admittance, Yp, which is part of Y1 such that

' the remainder Ylpi will not only be RC but will satisfy Lhe require- -

ments. .'-'

n where the prime indicates differentlation'with respect to 8% Satisfac- hﬁl
| tiOn Of the requlremente essures that the terminating function, Yz(s)» e

- Will be RC. E _-j

Step 2 Remave ‘A secoad admittance yl, where

”;ffto satisfy the relation, Y (s ) yl(s ).;s A

Step 3. The remainder in Step 2 Y 5 has a pair af conjugate

ﬁ”’zeros at. s a + jB . Y is inyerted and 1/-Y12 is removed. The con-lT_.hJ

'”.fﬁ;;stant multiplier of lj-yl2 is chosen to remove the pair of conjugate

Step 4. The reciprocal of the impedance remaining 1n Ste

w*!fto complete the cycl

Step 5. The three admittences, yl, yz; and -y12 are campletely

:ifSpecified by the preceding steps and the associated coupling circuit is 'f1 ST

_The f1na1 remainder, Y2 Eis an RC admittance. n-:i el
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Cihgen S

- The steps are 111ustrated in Flgure 7

The y parameters for the Dasher coupllng circults ate glven by .

.L the fellowing equat10n5°

.or

oy = k Y _.__.__'; U e
T R :
; ¥11_% k [s + —I + a(c + 2 01 +@I)

-t;fyéz =k; [s +'6‘ - (cl + Za g, *+ w ) '-?;E;-EI)] I’::j_f;‘1?j”;

f.7Thé'Eqﬁﬁifionﬁibf'Sﬁepﬁl=gﬁéueqﬁiﬁéiént_t6 éﬁtisf§ing;fﬁe"eqﬁaf ;:I

"(s ) g+ b L an

1275 % s-_r-_cr' T L e

gy (s + 01)];l;:iﬁ  i 2(19)_"
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Dasher also developed (12) n another form involving summation of the

residues of the poles of Y If the conditional equation cannot be sat-

_ lp
18fled by removing .a shunt conductance 0f" shunt capacitance or partially

removing ‘a pole from YI, then the equation is SﬂtleIEd by remov1ng series'oz_

' .? elements. lflp is replaced in- (13) and (14) by s/Y 2”' whlch also has '.l.

- t the form of an RC admittance. The Dasher procedure thus allows one to o

work w1th admittance functions only.‘{ :f'lff

For example, given a particular driving point admlttance, '

"4

i ey

it is desired to realize a pair of transmission zeros at 8= -l + jl.

Equation (12) may be used to satisfy the conditions of Step 1 of

the procedure while removing a shunt conductance G . The exemple is-” -

W

: :g chosen for its simplicity.- One should expect that in general Yp will

be more complex than indicated here. Equations (13) and (14) become

. -Substititing these -values in (12) slong with' & .. w0

A

1% EEDeED - S




:hiﬁéndf'

one obtains the équation -

Crse o a1l o

7 TE T .

-  ;The equation 18 satisfied and Step 1. 13 perfermed by the removal of a.

'~shunt conductance of value f

leaving .the remainder RC function

ST Ul B 2 + 83 +- 2
;_'lev- 2
L -t 53 + 4

B

For Step 2 the substitution § -1 + j1 13 made in (22) and 1n
hu~,the equation for y1 Equating the two results, one obtalns u:-" :

ha ¥y +j1] T sy

32 = k (1 +T;)[

Therefore =




,. Now 3’1 -is':'-"r-'emove-ﬂ'-7--fr§ﬁ1=-;¥_.i-;‘,"_oBt-a_'i.niﬁn"g . '

ey oy GGty
B G N GO

. f.Because Gl is known, y12. is . known except for ky Wheri'. -31:e-p'-=3. i'-é-pe.r."- :.

formed the value of ky will be chesen l:o remove ‘the conjugate pai.r of

poles from 1/Y IO
*pr;xsaa@?4%+ﬁy?3r s 42

T
2, =g -

CHyg L CEEDGEE 4240y kT2 g 2) .

setting's = 71+ 1 in (28) and equating to zers yield .

- _'."fj.';‘S.ubse;itptj__,.ﬁ_.g (29) .___i:ﬁ’ ;._-(_2_5'). 'y_i?; d"s,_'_ R

o "_.(zlg._). o

o (29)

2

i

-.and the temainder calculated in Step 4is | .

§+2~s+z-¥of;e_igaxyy




- Circult C, Figure 6, is choser for use’in theé circait. .The com- =

L -p'1¢fei' '-c:i'rcu_‘i-t ig indicated in FlSUre 8. o

Introduction to the New Procedure

Extension of the cascade synthesis procedure to include right half—
._plane transmission zeros may be divided into four” inter-related areas for _
o discussion. Thesenare'*

i Determinstion of the effect of sorplus factors.

2y Determination of a set of coupling circuits for producing right- '

"-f;halt;plane transmissionlzerosaljf_:

VT:?B; Determination of a set.of preparatory\conditions which w111
.fh.ensure hC-termination.;_h.: e | o |
.'I:fuie- Determination cf the most suitsble coupiing circuit for use:k"
.'}?with a given driv1ng-point immittance'and'pair of transmission zeros.-“
The preceding topics are discussed briefly and where possible,ly.”:

f';the results are compared to the Dasher procedure here. _5'

"'?Surplus Factors

'd}ifThe numerator coefficients of the transfer function, when calcu-:

network with no mutual coupling, must be

=¥nonenegat1ve_. This fact was first established by Fialkow and Gerstoé_.vh o

'"lated for any three-termina.

”H',(If the circuit is constructed in a manner such that”a'common factor 1s- ‘fff..'

| ”"Fpresent 1n both the numbera-or and the denominator of the transfer func-ﬁ”“:;f

'izdtion, the negative coefficients msy appear ) Thus,_for a: psir of right-{'ﬁ
'f'half-plane transmission zeros at s jﬁ ‘s at 1eagt Qne surplus

’ ;ffactor (s + g ) is- required, and the expression for ‘le becomes




-fhffbyfl* -

g (s‘+ g, )(s .- Za 8 + aa)
f-y12 gtl (s + ol)(s ¥ 02)"

ot

e 5_ 3 + (o - 2& ) s + (q3.~ 2a o ) s + s, a?

'i-d?Xi?_i%T'-. f f:Q- (3 + gl)(s + 02) :-ﬂ :ﬁ -};-_s_.;(éSiT:;;

l;For non-negative numerator coefficients 1n (35), the range of the sur-'~-3~

_ﬁplus factor is limited to

'%eand that one surplus faotor will be sufficient only if the right-half-

'. ") .- I - . t,'. R TR

i-plane transmission zeros are limited to the . region of the s-plane given

60" ' larg sl < 90° L (33) s

?lThe solution to the cascade synthesis problem discussed ‘in this the51s' '

'f_1s 11m1ted to transmission zeros in the region indicated by (38) The ;ffﬁ”w o

Ih'Problems 1nvolved in. the extension of the Procedure for use with two orf“:

"_:more surplus factors, and therefore use’ Wlth transmission zeros locatedf'“ e

"fin an extended region of the right-half-plane Wlll be discussed in
.:Chapter V._,,':ﬁ”'.. | | |

Although the surplus factor (s + @ ) is a transmission zero of

-the coupling—circuit transfer function,;-ylz, the discussion of Chapter}

S

f\'}‘?




L ;ling oircuits are listed

T,
Y

'III will show that it is not a transmission zero of the overall transfer R 3

'function le, nor does it appear in the driving p01nt admittance,.firfl
.In fact, it w111 be shown that the factor (s + g ), augments both ‘the
. numerator and the denominator of both Y12 end Y 3 and therefore is a'; .
-fssurplus factor according to the conrentional definition.iﬁ
| | Although the discussion of this section has used admittance func-.'
:-htions, the same arguments hold for the synthesis procedure 1 impedance :
.:ifunctions are used. | | . e E
.lEeCouEling Circuits-'”
: ’ As in the Dasher.procedure, the coupliné circuits used .in tne new

“ﬁlﬂprocedee are both z- and y- compact. That is, the resrdue eondition

N 11 22 klg > 0 at each pole is satisfied with an equality sign for both
'-lt}the Z= and y- functions..-iggﬁ_ I‘f_xzuiij;fa",ip.}__ggiégj {5f73{f};5]_

In the Dasher procedure,.the three listed coupling c1rcuits will
.i-realize any transmission zero in the left-half plane using any given f

m':driv1ng-p0int 1mmittance function of sufficient degree. '

For synthesis of right-half-plane transmission zeros, e:.ght coup- ',

..J--m; -

in-Chapter Il.z In certainacases, the given

"};driving point 1mmittence function, Yl’ may require extensive‘alterationﬁ'- -

'lﬁfor use in realizing a desired transmission zero usingw y of the c1rcu1ts

'%listed

The element values for the coupling“circuitsLof the Dasher pro— J'd'i'u

'-“cedure, listed in Figures 4 5, and 6, are. derived from the variable
'ffparameters of the admittance functions, yll’ : y12’ and y22.- It is not

'::,always p0331b1e to uge- admittance parameters in the new procedure because

of the more complex preparatory-step requirement. Therefore, c1rcu1t33 L

\

'?f,t are derived for use wrth either admittance parameters ot impedance:;?l




parameters;l:ﬂostdeiréuitsJare?limited to"use with-oueiortthe-other;
.*The one.finite pole of.the Dasher circuits can be located anvwhere_3_-
| on the negative real axis,land therefore gl can be used as a variable in _'

' satisfying the preparatory-step conditions., The locations of the poles 5

. of the coupling c1rcu1ts for the new procedure are restricted because, 1n
: general the pole 1ocations are functions of ‘the surplus factor zero, '8 —-'
.eli_ T 5 the range of which s limited as discussed in the precediug section.;j
E The Dasher circuits are derived from symmetrical circuits. The |
;".circuits of the new procedure are, in general not derivable from symmet-'_

' gricallcircuits.- -

"_ﬂPreparatory Step
In the Dasher procedure, the given driving-point function,‘"i,=can _
'g-be altered to meet the preparatory-step requirements,

R (O R P Ce BT <
.%by removal of either series or shunt elements. It is not necessary to

“*remove-both The conditiona (39) and (40) can be satisfied by using equa-:;F-

: **tion (12) or a res1due condition derived from (12) Equating the real andf;_:,

'jimaginary parts of (39) and (40) yields four equations. However, ylllh aadff‘“';”\

-ﬁonly three Variable parameters iﬂ equation (10)»j These -aire. kyama.i::-lflud;
l'lgi;. Equation (12) is deerEd bY EILminating these variables from the T';g5-l
ﬂ;_four eQuations. After satisfying (12) or its eqUivalent.:n;terms Of
.zﬂlimpedance, ‘the Dasher procedure is performed using admittance functions,_l-“

In the procedure for right-half-plane transmission zeros, there 35”




‘ yare_tuoFrequirementsﬁiﬂ;additionnto'ﬁ39);andf(4ﬁ).

yl].( G ) Y (-G )

: yll'(“qd)'?-ylp;f go)ff'

_lihegeigféi'
Ty

 where

ooy +2agey ha) L

_.‘lqéf

(R P IR

- oz)(o--+,2a ““2'*:@53'“ L

]_aisx-; f'f;.x§35';;'

-tgé)i-h

‘g )

.-‘-'.' 2I. ‘I‘ I.-. .'-- ' . 62 (62

;The uariable parameters of yll sre ky’ a1

.fmeters g > Ul’ and 92 are; variable over certain ranges‘“

;'.l has no equation 31milar ‘to Dasher equation (12)._

,-;

’ and a2

Ine addition, the para- .

The new procedure

The additional condition

ey

.'.:'to satisfy the equation.;

"JWQ'ftance and impedance functions in the procedure..

},-(41), plus the fact that there are st111 essentially onlyd;hree variable

' fparameters of V11’ makes the existence of such an equation highly impro-?7*'*u

'bable._ Even if such an equation does existl it may be shown that both

L series and shunt elements must be removed in general, from Yl in order .d
Unfortunately, the lack of such an equation 1

f makes the procedure more complex and necessitates the use of both admit- n”*”
' 3

The impedance conditions

: ,equivalent to the previously listed admittance conditions are::. o




h11 ( o ) < Z "(.e )

The derivation of the preceding preparatory-step conditions is ’

o :contained in Chapter III

To demonstrate the method used 1n the new procedure to satisfy

: the conditional equations another approach to the solution of the pre-u_

'ftviously discussed example of the Dasher procedure.may be used ﬁquat
.”h=(50) and (51) represent the real and unaginary parts of (39) .The ‘as:
'J_tlon is made that a shunt cenduetance may be used to satisfy the cond
.:';tions Equations (52) and (53) represent the real and Lmaginary part

' ':lof (40) Y1 and yll are given by (15) and (10)

k (1 + a) = 2

s -'fi;f; 2k a fﬁfﬁ?'r”f'”

k(l + a) -5 =1
2. 201 + 2 -

G T

rat

-2+ 2

@
s

h_,(agj.;'

o _:c.sls"_fif_'_ o

ions D

sumpe
l—

S




. “”;conditions. Unfortunately, thls disadvantage extends to the new proce-

7 j_ﬁdure whlch hss an addltional equality to sstlsfy, namely, equation (41)

-substitution of (51y in (52), then (52).ia (53) yields

T ey L T T sy
Substituting (55) in (51) yields .~

'-jlaﬁdftﬁErefcre froﬁak55),,f?;.¢:\'.a':

.eSelﬁiﬁg]for-Gp}in eqpsticn3150)&yrelds' g

IThis methed.cf selution_gives informstion necesssry tc calculate'ir .
,_-a11 circult element values as well a8 vslues of elements remcved in the-;
-:creparatory step. The remarnlaé lnfcrmatlon to be obtalned is the‘expres;._;i?'ﬁ
: T'Ision for Y2, the termlnating function. The.ﬁethod-ls demonstrated again. |
I':-‘-in chapter IV- - « Y T S
The dlsadvantage cf using the preceding procedure 1n the Dasher *ff-
'=:method is that there is no way of knowing beferehand whether removal of '

a Shunt conductance or . a shunt capac1tanca o perhaps partlal removal of

“ ,3 pole of Yl’ or even removal of all of*these wlll satisfy the preparatory




- Ch01ce of Coupling Circuit

In the Dasher procedure,?the choice of coupling circuit depends.?

' L-:upon the pole location of the y-parameters &t s = -al, and the value of

};Ui 1s determined by the conditional equations.- There.LS'no apparent res-

.ftrlction on the location of the pole,'so long as lt lies on the negative ,f

-real axis._ Regardless of the value of Ul; one of the three circuits will”'

- be acceptable for use in the procedure,_;.,.;'

In the new procedure, the poles of the coupling circuits are R

restricted to certain ranges of values.n For each circuit there 1s a

.'-;complex relationship between the pole 1ocations, Ul and 32, and the Sur-fl”

:'plus factor zero, Uo" The poles of the ¥ functions must 1nterlace with
the. poles of the given admittance function,'.'1 in a prescribed manner.
",At the same time, the poles of the Z- functions for the same circuit must

' sinterlace wcth_the zeregﬁof;theinpffunctioniin.a.similarly’prescribed-

':;.pmannef; ’For”this‘reason-and'hecausevthe*polesfof the-y47and.zFfunctions

"_have restricted ranges of values, a: circuit 1s chosen at theabeginning of‘

.the procedure whieh w111 satisfy the pole 1nter1acing property. The

. velues of a 3 Ul’ and 02 are chosen during this step and these values

' used when satisfying the preparatory-step couditions ' The pole interlacing

"-__requirement and the method of choosing the proper circuit are explained in -

:hlgreater detail 1n Chapter III.-; -

‘H

H H

1{
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- 'CHAPTER IT
o ,".'_Cot'-irL:ENc"-CIRCUIfTs iz

Pr_perties of the Coupl g Circuitsi_'vf

A two-terminal pair network for which the re31due condition
-kllkéZ 2 3 0 is satisfled Wlth an equality sign for the z functions

13 by definition - compact Another manner of defining a z- compact net—

11 22 12

'uorder poles after cancellation of common factors

'-:work is to spec1fy that the functlon z. sz must contain no second—: :
A two-terminal pair“network for mhich the re51due condition is 'ir_,l
"ocsatisfied w1th an equality algn for the y-functions is by dellnitlon &;l
'i'compact Snnilarly, a second definition for the y compact property-re-hﬁa'
'h.,jouires the absence of any second'order-poles in the function y11y22 yléf:
. A circuit whichlis y- compact is not necessarily z- compact and a- -

: _ g : _ _
3%C1rcuit which is z compact is not necessarily y-compact However given

v

'wthe y-functions for a two terminal pair network (which may or’ may not be'

.;jfy-compact) 2 simple check will determine whether the network is or 1s

A

*’ff-not z- compact w1thout actually calculating the z functions Similarly,

.'4-'-;-'." o

“llb ;5§5jb*
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| :;If the cirCuit is assumed to. be z= compact an examlnation of the right
H..:31de of each equatlon above reveals that the poles of the numerator func-

tion'cancel-wlth'the Poles.of the denomlnator function ' If the circuit }f

is not z- compact at a pole, that pole wrll appear as a second order factor
i the denominator-function and therefore-as_annumerator-factor'ofaeachu, -

n . of the functions yll’ Y12’ and y22

Thus ‘a two-terminal-pair network 1s Z- compact unless the same b
-zﬁnqmerator'ﬂfactor_appears51n~311,threer°f the_functionsrzii” 212, .

For. example, ‘suppose that the functions

o = +
. yl2 ____s +

J
!
+

e Y T s 42 . S +;'2. e+ o

LB e L o o Bs e s

are-given The z-functlons associated with the preceding y-functionS'”

'ﬂpmust be z-compact because of the absence of a common numerator factor inf~;

';sy(62), (63),_and (64) In this example the y-functions do not happen to'ﬁaf

_ be y-compact.. The associated z-functions are* i[.._"“"'

and 222 :




h”;hsnd.thet'_hf:s?Jj L

:”ﬁh:zyn-lf

'3}pﬂl.\ - , mzﬂ -'F'_iwj*;;1:.+_-+ _ RN
g ls +é_)(s 4. 4Y .;i'ff”hr;“‘]_f'(65) .
95(2s + 9s + 6) ";af;_'“ﬂn EE

. i"zll is + 2;(3. £ 9s + 4) -'ﬁfi-5'_“ '”-if(ﬁ&)_!
' '[_- 98(28 + 9s * 6) . o

z .

2 _(s + 2)(s 95 4 4) o (67)

9s(23 + 9s -+ 6)

“L} These.tunctlons have s.commoc nomerator factor correshondtng to the nOnt'-"
d'.ccmpact pole of the y-functioos : e | -

. For a second exsmple jone mey note that the Guillemin parallel-'
f31adder networks are not in genersl yecompsct but they are E= compact

jf-The sufflclent condltion is that Y é eod'Y 1 have no eommon numerator

| . fa_ctoru'___'_-‘..:'-."' . =TT SRR .

| ﬁow to show the effect of a non;compact network imbedded in s set

=_.of cascaded networks stralghtforward calculatlon of the transfer functlons

c for the 31mp1e cescade connectlon of Figure 9 reveels that ) '

f}*ﬁiégjf'

"If the network to be used in the cascade synthes1s procedure is not z'ﬁxxﬁﬁl_,_
“fcompact at a:Pole the right’ srde of" eQuation (68) shows that -Y 2 W1llk?*"

hsve'sitransﬁiSSionizero atuthe nonrcompect.pole If the network to be'-T
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“Plgure 9 Cascade Connection .of Networks .

" Figure 10. ‘Example of“a Nofi-Compact CTroufty - . . .
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”fff'but not y-compact-and Z

used in the cascade synthesis procedure 1s not y-compact at a pole the

right 51de of equation (69) shows that Z willshave a_transmission ?ero

12’ "*

- at. the non-compact pole

For example
: of equations (62) through (6?) is- cascaded with a 4 mho conductance as

'1ndicated in: ngure 10 the overall transfer functions are“ .ff

if the circuit associated with the y- and z- functions?

':'3_23.;,:H1 éﬁs " 4) O
| GG 12) '? (70) .. .
:\:dﬂdff:g : |
._,f‘fL;:_;' (3 + 2)(3 i'a):"" CeeT -
'5”ff212 3__ = (71).

223 + 125 + 1603 + 32

R (% 2) sactor i 'rtngjme-fata; of the ‘2‘15 fmotion ts

a transnissiong

:Q zero caused by the use of a c1rcu1t which is not y-compact at the corres-c

"ponding pole. S
- ?ﬂg Consequently,a coupling circuit intended for use in cascade

qusynthesis should ‘be both z- compact and y-compact for general use in the

';synthes1s of either 212- or:Yfz-functions However le transfer func- L
”fff5tions may be formed by cascade synthesrs of c1rcuits which are z- compact ?i}ﬂ‘c

12 transfer functions may be formed by cascade

'“syntheSLS of circuits which are y- ompact but not -z compact

A prelimi-'~.'

' nary investigation of the use of non-compact circuits for cascade synthe-f 3

1srs has:indicated'thatithe'disadvantages.ofgsuch.circuits areamany~when '

compared to- the advantages
: : \

::gnotjaecompactfare difficult to derive. 'Circuits Which are zfcompact_but'

fnot;y%conpactﬁnayfbewderiued*as parallelgiadders;.but-these_reduirefnore'L

-

Coupling circuits which are y-compact but ;@ﬁj

y




“-:”elements than circuits which are. both z- and y compact n addition

. the non;compact poles of the coupling circuit are poles or zeros of tho i._
'_given driv1ng point 1om1£fance o e -
- The coupl:ngICJrculos used.for cascade.synthe31slof transmlsalon o
'zeros 1n the part of the righi-half plane under conSideration havo-com- S
S oact_y-_and'zwfunotions given‘oy~the_follow1ng'equaiions}?_“ |
et s el
o e "o

"?12”r? y (s + ql)(6,+ CPY RN

.;(7zj.f:i

cor i

keI 0

ama’

o gl

1_ff1's.+ G ;fi?g“s +=dé)“f

= I S

- where ..

o i f',i
oy ) (9 + g0

0 1

. 1 N B -01(02 - 01

 and

- 0O

1 . S ek _I: o . ,-m,. r' >
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TR0 ey




S U1z Tz s(s ) (s + o))

a8y

oy (30)

NI

where

Jand o

- CchvitS'wh1ch have the y- and z=functiens of equations (?2)

";*1thr0ugh (83) have capacrtive feed through paths for very hrgh frequency .,,.;;Z

5;ﬁrveltage and current and have resistive feed-through paths for very low-

'mffrequency voltage and current. Ccupllng c1rcu1ts with these properties

d_may be used fcr cascade synthe31510f the mcst general transfer functions'fjﬂ“'”

fyposslble.g In certain cases, however, elements removed 1n‘the preparatory
'e3fstep may have an adverse affect on the performance cf the circuit at the

:;extreme frequencies.- This rs ene ofhthe'dlsadvantages of the cascade )
ﬁi:,synthesrs.prccedure; . |

Other properties whlch the coupling circuits should have include ;IJ




. :the synthe51s procedure should9 if. general be performed using admlttance - '

'.element valu 5 from the variable paramcters of ylllor z11 -

32 ®

'would have non—zero residues. ‘I‘he Same rule app]ies for the z functions.

*

a w1dc range of compact-pcle locatlwns and also ease in der1v1ng crrcuit

i

For compact coupling circuits, the surplus factor (s + o ) must rotf

cancel from the y12

Coupling Clrcuits for Use with Admlttance Functians

If | driving p01nt adm1ttance has a pole at s =0g (or 1f the '

i driving~p01nt 1mpedance has a zero at 8 = w), the preparatory step of

;n'functlons. The use of admittance functlons allows removal of a shunt capanl
'cltance and perhaps a shunt conductance, whlch w:ll ald in satlsfying an —

'fi:impedance pole 1nterlac1ng requlrement whrch rn turn 13 related to the

-;preparatory-step condltlons. A detailed explanation is contalned in the

”rh:next chapter.

 The” coupling c1rcu1ts of Flgures 11 13 15 17 and 19 are for

- use with adm:.tt.ance functwns. The element values for each c1rcu1t are
"listed in terms cf the Variable paremeters of the yll functlon, as glven h’}-dl

. n‘t (74) . (76) i a"nd (77)

For each of"he circu1te; the compact polesia

' wlth the assumptlon that thm transmlssion zeros are close to the 60 degree'

| lme of the rrght-half plane. F_.or_- transm_isswr_a _:zer_os_ _c_l_ose,t_:_o the.-.ju_.)_- . "

functton, lf such a cancellatlon d1d take place,_*37

would have zero re51due at the polc at s ﬂ;-aoﬂ'however, Yll and y22 .




if axis, the range of 0 is increased and therefore the ranges of 02 and Ul

: are increased

' Nohe_ef_theae'circuiQEﬂcanfbe.uaeﬁffer cascade synthesis of trans- °

ey

" mission zeros which lie ¢h the 60-degree line in the right-half plame.

-.Fothransn{ss{dn5zeros clbse3tﬁxthe 60ede8ree'line§5tﬁe-cirCUit elements

tappreach extremely large or extremely small values.

i

ever) a w1.de range of allowable values for 01 and 02 13 provlded .Many"'

: ether CJrcuits-w te analyzed fer use: 1n the procedure. .waever, none |

offered any particular advantage over these 1iated

The z- funct1ons of the admittance ceupllng 01rcu1ta are dlfflcult D

:r;j“ﬁto'balculate- For example, the poles of the z- functions of Coupllng

: ;;Crrcuit A, Figure 119 are the facters of the polynomial

3 L
z-jwhere

a____ (A +02A)+—'—a—'_—'—-‘02(3+o'1)+

g =-_ s N S - | alaz P esy

: ThLS list of coupling circu1ts 1s not necessarily complete. Hoeéf-p

’s-ﬁfﬂPls.f+ 329:;2;_ L if—fSé) -

@n .
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L

ffhe-talues-OE'a"andfaz and therefore the pole locatlons are not known
'n until after the completlon of the preparatory step, Wthh w111 be dls-'

- cus3cd in Chapter 111._,)_Vp ﬂf”
The admittance circuits are yecompact by construction. Honever;"

"'_because of the difficulty in calculating the z4 functlonss one, cannot

. ascertaln whether the c1rcu1ts are z"compact untll after the completion l_f-*

;-of the preparatory step. The circnits will be z= compact if yll,“ ylZ’lh
d-and y22 have no common numerator factor. The only possible common

",=numerator factor is (s * o ). 1f (s + o ) is a common numerator factor

”?_ of the y-functions, then the z-functions must have a- non-compact pole at -

";s ==eeb. A non-compact pole of the -k functions mnst be a zero of Yl ,33“

r-the driving point admittance after the preparatory step has been performed =
'afyln the synthesrs procedure, the assumption 1s made 1nit1ally that the cir-'

T'i;;cu1t5 are z= comPact.. The assumption 13 ChECkEd for ValidltY after comple-"'

f.f:t10n of’ the preparatory step by examlning the zeros of y11 and y22 or - by

':ﬂexamlning the zeros of Ylp It is hlghly improbable that the functions.f..“”

;i'yll and yzi'will have a common zero and that the common zero Will be

“‘_located at s - -qo.- It}i

‘8 so improbable that Ylp w1ll have a zero at

'h;IEQeleoo If the circult should:be!non-compact, the preparatorv

: *f'be recalculated u31ng another ch01ce of variables. Ffffh{e“;“:;g:r~’ a

i, g

The condlticnsli

':f;?fcontain the factor (s + a ) may be determ:ned by evaluating (74) and'ffif"

';_(?5) at 5. '-c and equatlng the result to zero. The conditions are(\g:t_

{step.muSt-_}

'nder which the numerators of yll and y22 will:_p;”}i;_n"




f_Both of the COndltlDﬂS must be satlsfled 1n order for the plocedure tof

'-fail The circumstances under which the conditions w111 be satlsfied

a-fat § = m), the preparatory step of the synthesis procedure should, 1n Y

.:,.capacitance whlch may satlsfy the preparatory-step conditions, whi e;at

*general be performed uSing impedance functlons. The use of 1mpedance

o‘“ _1_ IAllo _,‘ : |A2|a

—f?Q'53192 “f;ﬁél fqlf % 32' 0" ?o- .

I ]
'ﬁ

':::lf they ex1st are’ unknown, Several calculations were performed using'f'

randemly chosen values for the parameters a1 and a2 w1th a particular la.l.

-“circurt and.tranSmisslon:Zero;ﬂ:The-condltlons-werepnot_satisfied.'1

[

"-f;Theisignificancevofhthe‘érabhs~ofzﬁole'iocatiOns isfrelated to-

-ﬂ';tha selectlon of the proper c1rcu1t for use in rhe synthesla procedure"f

:‘land is dlSCUSSEd 1n the next chapter.

ﬁﬁCoupling-Circuitshfor=Use3withzimpedan3e'Funétions'

If the driving polnt 1mpedance has a flnlte, nonwzero value at o

' -;:é “60 ( o1~ 1f the dr1v1ng-p01nt admlttance has a flnite, non-zero value L

'7“the same time, satisfy the admittance pole-interlacing requirement.w The i;

hipreparatory-step conditions and the related pole-1nter1a01ng property

"f;terms of the varlable parameters of the zll-function, as given 1n (80)

"_jpare dlscussed 1n deta11 1n the next chapter.u___f“'

The coupling circuits of Figures 21 23 and 25 are for use with

T

T;Qimpedance funct:ons.: The element values for each C1rcu1t are 118t€d 1n

‘--J;(sz)s and (33)°r~

: (8?9)' "

I‘”




. "2bj§i

-

Graphs of the varlation of the compact poles, 03 and 54, along _b.

I;h-the negatlve real ax1s are 1ndicated in Flgures 22 24 and 26

None of the circuits.may be used to realize transmission zeros on :'
: .:_;,j'the 60 degree line of the right half of the- s-plane. SR

‘ As in the case of the admittance circults, the list Of.CerUItS is
'-not necessarlly complete.: Many otherlcircuits were analyzed however,
'none were adaptable to the procedure. fd | |

Coupling C{rcuits G and H are z- compact by cdnstruction. They are_

"-fnot necessarily y-compact. If they are not y-compact the z-functions -

g :"82 1n Coupllng Circu1tIA :

-fand Zlé will have ‘a’.zero. at s q&}_ As for the admittance circuits, e

- _the c1rcu1ts are assumed to be y-compact until after completion of the

h*preparatory step.'l

Coupling Clrcuit F has :he'same twin-tee structure as Coupllng
i:Circuit A. The restriction ah l is the result of requlring that a1

; Circuit F is both y- and z-compact and the '

.ppole locations bf both the y- and z functions may be calculated before'_"

gperformance of the preparatory step. When using the circuit in the syn--'

-thesis procedure, the numberrovaariable parameters 1s one less because

']diof the restriction ‘on. aa.i

The solution of the preparatory-step equatiOns.* e

f"1n this case is demonstrated by the impedance example of Chapter IV. ' f_ll'i.h: ‘e
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 THEORY OF THE PROCEDURE ~

The ?reparatory Step Condltions

The problem of satisfying the preparatory-step conditions (39)

'hf:through (42) ox’. (46) through (49), is the maJor problem aSSOC1ated W1th
.j-the cascade synthesrs procedure,. The problem 1nv01ves satisfy]_ng flve 'fi_'

"5_equations and therefore at leaat five variables are required In general_

.

g three of the variables are present 1n the coupling circuit functions

“11°

"¥7e1emsnts from the dr1v1ng-p01nt 1mm1ttance Y ‘or, Z

1 1

s-qIf'the removalsof'thesewelements Which are represented by YP or SR

'._Zéi-;GhSists of partially removing one or more of the finite poles of’ Y

1, no. new transmission zeros are 1ntroduced and the remainder Ylp or

_,iZI"is RC-. Partial removal'of finite poles'in-the'form*of~aushunt'rem0val'

1p

”iOf an RC series branch or a series removal of an RC parallel branch main-,-
..ijtsins the capacitive feed trhough path and the resistive feed through path?:;.t

”wThese paths are also preSent in the coupling c1rcu1ts and thus optimum ?;;

-

'Bain for the-overallntransfer function is ensuredu "71-”

Partial removal of a pole at infinity or the origin as a shunt or_.

“-series capacitance along WIth the removal of a. serles or shunt resistor
'.is often necessary in order to satisfy the preparatory-step conditions

-”;;In some. cases these wlll adversely affect the galn of the OVPrall trans-

'-fer functlon Atleach_realization of a pait ofttfansmiSSionvzeros;;-?7wa

".several options'are:available'tbﬁsatisfy_the preparatoryfstep.conditonslff

Ihe other variables must be obtained by removing series or - shunt"'

1I.




. Oty

In- nany casee, one of the 0ptione.w111 1ead to.the.most satiefactory eolu@
..tlon of the given problem.; Synthe51s of right-half-olane transm1551on.;-
";zeroe should take place dn. the realization before other transm1351on zeros
.‘ﬂ'beeause of their larger nunber of.restrictloneland becauselmore avenues are o
'open for-satisfactory solutions;'n o o

| The preparatory step conditions may be obtained by first wr1t1ng :-

fthe cascade-synthesis equation
11 . y22 2 y12 s e

'iin"the_formo a

- 7F¢; The probiem is. to determine the relationship between yli and Y which_ s

'-¥,4w111"ha€ew,

lp

' aw111 ensure that the function 'wl

- i_:_icég,zl)’

efproperties ef'an RG dr1v1ng p01nt 1mpedance and then finally

fﬁ-to determine the conditions under which Y2 Wlll be RC admittance.n::

Functlon (92) may contain”only real poles and real zeroe if it is

fto ‘be - an RC 1mpedance "Therefore, the second-order“ omplex pole present

:1n Ylg on the right side of (91) must cancel The numerator function,'ffh_' -

:yll i.; then must - contain the factor (52:- Za s + w ) which is equin:“

jalent to requiring

n . So)= Y]p ¢ s_:q‘) | R ; (93) : -.
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Because function (92) mnst contain only simple poles, the rlght a

lszde of (91) must have only simple poles.i'Therefore, at least one can-.r

.:-[ cellation of the surplus factor present in Y1§ must take place w1th the e

iﬂnumerator function, yll - Ylp If yll - Yl is to contain the factor

'3'(3 + 5. )9 then it Ls requlred that .
: yu“’”m(’ SRR G
Under the requlrements given thus far, functlon (92) has real

'*:;poles and real zeros of flrst order. There is one pole at g = -co and :T'

'Vfall of ‘the other pcles areéalso the poles of Yl . If the resldues of

isrhrall of the poles Df the 1mpedance functlon (92) are poS1tive, then the -

:'5function Wlll be RC.

Now 1et the residue of the pole of Ylp-at-s:é:; be given by

- ‘i;ek': (Thc residdes in an expan51on of an RC drivlng-poxnt admittance

1 1v .

ikare negative for all fin1te poles ) The’ resldue of functlon (92) whlch e

'e jalso has a pule at s '-sv,_ls_gavenjby_"'
R R

except An the case where yll and Yl have a. common pole.‘ This case will

be dlsoussed later. The f1rst term 1n the numerator of (96) is zero if




Y11
o ?tor of (96) becomes-' o

does not also have a pole at s =-;3f7 'The secbﬁd2term;of’the ﬁumera{ ' ‘

[.-(S -|- S ) '"Ip]s =--sv =.|. k].]_v = o (97)

]

'23  Hhe dencminator term of (96) 1s always p051t1ve The cdﬁdlusioh'ié’thaff

“”the re31dues of (92) are always p931t1ve for all such poles

The re51due of the pole of (92) at s Gdfls glven-by; :

v - . .__ :-- . . 2 . N . . :-..'.. = ’ -. .. --u' . N . -'_ N .. _. " ¢ \ .

.

B

JQTHe.dehominatof of_(98j-ﬁay'5§ixéplaCedfby- SR

"312'“_ k2 (s +o ) (s - &x 5. +¢D ) gt T

..Y ffﬁ(sl+ 01)'(#;t q2);_ 

Theres:l.due (98)thenbecomes ) : S

[ ¢ - Ul) @ *o, ) (y11 :-Y; )i]'fg*j{ﬂ f5%f;f L’;;,7;-ui;ﬂ

::The quantlty 1n (100) is indeterm1nant because yll th; contalns the f'h

lp

:;factor (s + o ) Applying l'Hospltal's rule to- (100), bhe residue becomes ;?:L .'

'-'ﬁ'(q"l."_-:cr) (02 ")[5’11'(")_"( '(cr)]

_k( '+'m)

©am

';;:{10d5. ;“f:';




.1The~fesi§ue]ﬁili'§e'ﬁésigiveﬂifkf'-}L;U o

yll.(_ﬁ ) > %, -( 5 )‘i l?f;;'ff? 5:f:f:'i5?°?)f;'v-'

Consequently, if Ylp is RC and lf yll and Y1 have no pole in .

'".,_f'e._.common9 it has been shown that satisfying (93), (94), (95), and (102)

'V-jj,will cause function (92) to be RC. J:‘“

The equivalent set of preparatory-step conditions for'the 1mpedance .

' _case may be obtained by examining the equation

2 iz P AR 20 Y

e

A

3;wi11.Be=chiffzinlis.RC§jifzﬁ'.iand z,. havé no ﬁblessin_éoﬁméh, éﬁdiiffi

e 1L L

B R O R ¢ > B

iy

BECNS

e <zlp<> odogy

Either set of canditions, admittance or impedsnce may be applied

G-

“during the preparatory step. If one set of conditions is satisfied the

_ .'.'.('1_04-) o

T . T

2 1pl (So) \. | . (106) s .- s




'g}otheryis'also-satisfied
*.&f Ylb and yll have a pole in common, that pole will also be a-

' pole of Y2 This may be determlned from the second term of the rlght

b:51de of the equatlon

‘|_-_ Lo

Y, = 31f1. 32. 12 -?2-1’%" R
Yt oYty

"h(iOQj ,_i:

:after'notingcthat thebpolehls also a pole of y22 by constructlon. The
pole is canceled in the first term because of the compact nature of the
hucoupling circuit. Slmilarly,;idlzlﬁ_and.;il hav?_ﬂ;P°1e in.commong that o
pole is also a pole of 22 and azz;_:j\

The condltlons under whlch 1/(y22 + Y2) and 1/(z +j22)'areeRCe*

1

='”ﬁﬂfunct10ns are the same.“ That 13, 1f 1/(y22 + Y ) 18 RC, then l/(z +.zz)_

-;dis RC and vice-versa._ The only p0351b111ty that Y2 is’ not RC is that

”itthe Foster re81due of Y2, at a pole commoft to y22’ rs negative and less

.bflnumagn1tude than the correspondlnglFoster re51due of y22. However, thlSl
:fwould mean that the recrprocal of YZ’ 22, must have at leaat one pole in -

;”common w1th 222 and that its negatlve re31due would be less 1n magnltude_ :

;d'_than that of the 222 pole in order that 1/(z + 22) may be RC.- But if

Zpp and 22 have a pole in common, that pole must also be a zero of Ylp;ﬂ' S

"'.‘,Thus3 for the case of common poles, one cannot be completely sure of an

‘“fRC termlnatlon unt11 after completion of the preparatory step.; e

o . T

In the synthe91s procedure, the assumptlon is made 1n1t1a11y that

58 .;';

-'.Vthe satlsfactlon of the preparatory-step conditlons (93),-(94) (95), and ; 'i'

| }-(102) or conditlons (105), (106) (107), and (108) will’ ensure .an’ RC ter-ﬂ?f;

.ff75mination.{ If satisfaction of the condltions does not result in an RC




Il

E f§9'5f7: 3

termination, the cause will be that both the admittance and the impedance.;“

- L_ functions have common poles and that the residues exceed the allowable'
o values 1n both cases. It is highly improbable that these phenomena will

Z'ever’occur.- In the case of occurrance, the preparatory-step equatlons

may be recalculated u31ng a different pole of the driving point immittancer

as. a variable parameter.

As a matter of interest, the condition for common poles may be T

derived for the admittance case from equation (109) For a common pole‘

i:_atcs. :-s', the residue of Y2 at the pole will be positive if

- .1lw5"'7'f yf :-';;::ka RPPRTRN o “:nfpil T
I [(S + S )—il]I hﬂf_f:_ [(s + s )—--B ] Epr:f .--~_] (110} - -

S""S
C

It 1s highly probable that COndltlon (110) Wlll be satisfied if the 1mped-'

andce or admittance conditions listed previously are’ satisfied, and there-

N

fore the condition is not used in the procedure.- The condition applies

for poles at infinity and also for the zero frequency values of the .'l

admittance functions.-i

'hf Surplus Factor Cancellation 5:' I

The numerator of the fUnctlon y22 + Y2 w111 contain the factor

'.;}\'. s .yu-.'.'

(s + o ) assuming that the preparatory-step conditions of the preceding

) section are satisfied. The transfer function le then CDntalnS the

factor (s + o ) once _1n the numerator and once in the denominator as’7 '

) 1ndicated by the equation,;i: IR

Gy

s 1 MRS

Y227 T2
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lTherefore the factor (s + a ) is not a transmlssion zero but is a surplus
factor of the same type as that used for example, in the Guillemin parallel-:
'-ladder procedure for rea1121ng rlght-half-plane transmLSSLon zeros._ The
':Zfactor ie also cancelled from the transfer 1mpedance functlon, [
B

T Al

The factor also augments both numerator and denominator of the

L driving-point immittances, Yl and Zl, as’ indicated by the equatlons

ooy -
'-:andffm.'. ) e s
( +z)(z +z).--z2 Tl
Sl :_ 22 2 11 12 - 'uim.JL-r-"ff yrN
't iwhere the faotor (s + o ) 1a“present.1n y”.l+ Y | y 2 ...+ 2, ”Iand 2 2
L _ 22 2’ 12 > 22 2’ 12

The Choice of Coupl:l.n_g C1rcu1t

-

The zeros of y22 + Y are 1ocated at s.= -c and at the poles of
"'the drrving-point functron Yl’ if the assumptions are made that yl and
- Yl have RO common polee and’ that the preparatory condltlons may be satis-jf‘“"'

..hﬁfied by removal of shunt elements.L The cholce of coupllng circult for

,-:uuse in satlsfylng the preparatory condltions may be made by rrrst plottlng

.I;:.the ZeTros. of y22 +. Y2 on’ the negatlve o-axis.. A typzcal plot 13 1ndicated o

””1'in Flgure 27 The zero at 8 = ~a is 1ocated in the range,

.,2@ >., U >__2a_..__ (115)
. . s
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V fppart of the axis are the poles of y22, located at s = —gz and § = ~o

joif any, of the coupling 01rcu1ts of Chapter II have ranges of 02 and g

"using different values for o to calculate o

-tion of series and shunt elements Once the values of o o’

' pole of Y the sketch of Y

RN

[

::;The next step is to sketch the RC function y22 + Y2 whlch 1s similar to o

the sketch of Figure 1 using the known zeros to determine the ranges of"

'the pole locations The sketched function should heve a pole st k] =---w?7
5=pbecause the y22 function for each coupllng c1rcu1t has a pole st s = - .

-'-3A typical sketch 1s indicated 1n Figure 28 TWO of the poles on- the finite

1
The remaining poles dre poles of Y2 The last step is to determine which

J .

'1that Wlll each c01nc1de at some p01nt Wlth the ranges of any two of the R

3 finite poles in the sketch of y22 Y2‘ Trialfand-errorgcelculation‘

2 and;gl is*reqniied at:this

~-p°1“t If a circuit cannot be found which will satisfy the alternating-
-Lpole?zero.requrrement the poles of the dr1v1ng p01nt 1mmittance mey be

'*'shifted to acceptable ranges by remov1ng series elements or a combine—~

]’ 2

'Eare specified they are used in the equation for yll when setisfying the

“_preparatory—step requirements

If it is desired to make one’ of the poles of yll coincide with al

2 + y22 must be redrawn this time with a pole

"’"freplacing the Zero- which corresponded fo- the“pole of Yl ; This pole Will

'-f75fbe ‘a3 pole of both y22 and Y2 As in the prev1ous case, Y w1ll have two :

2..

'hjless poles then Yi If both 01 and 02 c01nc1de with polesfof Yl Y2 w111
' {Ualso have two poles less than Yl U PR
: For.thenimpedanceicase'-the\eeros,éffa'"ﬁ+'fidareilheated'eti”;ﬂ-f

s = -o and at the poles of Zl ifrthe assumptions'ere‘made{thet,Zi end;l

have no pole in common and that the preparatory-step conditions mey

and ¢ ‘o




r

‘”be'satisfied B&-fémsbing seriés'e1emeﬁts-oniy._ The choice of a: coupling '3

circuxt is made by first plotting th= zeros of 222 ¥ Z2 on the negative

L o-axisg as in Figure 29, then sketching an’. 1mpedance function similar to E

-

Figure 2 using the zeros. The sketch will always have a pole at the ;

o origin and w1ll have a finite, pOsitive value at g = & w because of the

' ifproperties of zfé A typical sketch is indicated in . Figure 30.. Two of.
.'the finite poles are the z22 pOIEs at s —.- 03 and 8 -_-04' Hopefully,
| _at least one of the coupling circuits of“Chapter II w111 have pole loca—
i':tions which will c01nc1de with two of the allowable pole 1ocations of -
. ";the sketch. Again,\trial-and;error calculation 1s required and lf no

-circuit fits the requirement, shunt elements must be removed in an- attempt

'_-4,»". r.

L to Shlft the Z1 poles £ more sultable locations..3.s”

| As 1n the admittance case, the sketch must be redrawn 1f the poles .'-
"of zll coincide with those of Z1 The common poles are also poles of z22

_rfand of Z Z will almays have two poles less than Z1 22 was shown to-

2 2 )

'F;.have two ‘ZerOs less than Z1 in the preceding discussion for the admittance

T

case.; The degree of the terminating immittance is two less than that of

‘;efthe drxvxng-point immittance in both numerator and.denominator as in.the
*ifDasher synthesis procedure;h_---h | A

- After choosing the c1rcuit; either admittance.or imoedance, thel

- f.il-function or z11

function is used to attempt to satisfy the prepara- i_d"'-

a__tory-step conditions.: A solution to the preparatory-step conditions is :lj'-”:

hnot p0331b1e unless the alternating“pole zero. requirement is met on both

1the impedance and the admittance basis for a given circuit._bThe procedure
!‘Lfor choosing a cirqut caused the alternating pole zero requirement for'dhh

,5e1ther the impedance ot the admittance functions to be satisfied but not - -
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hoth. Except in the case of Coupling Circuit F the compact pole loca-f:
i'tions of the circuits ate’ “not” known for both the z--and y-functions until
' éj?after.solution of.thelpreparatory-step eouations,;_Tt o .
however, the success of the procedure is almostlcertain 1t-the
.--poles of either-z1 orsYl can be spread over as wide & rangehof the finite'
.ﬂnegative swaxis as possible. For example, if Z (s) has a positive and -

'1_L£inite value at ‘s = o and has a’ pole at 8= 0,.removal of a series resis-

",tor and a series capacitor will move one- zero 1n the direction of s ='--m

'3and onefzero-in the*direct10n'ofzs-=‘0 The result 1s a Yl-Eunction with'ff"

'hlwidely spaced poles.u The same‘argument holds for Yl-functions, which

"t'should have a’ pole at s = %, ;Removal of a shunt capacitance and a shunt

'conductance while satisfying the preparatory step will spread the poles

. .-;,- i

"?f'of Zl, making a solution more certain.

It is always possible to spread the poles of the Yl or Z function.-
'in order to satisfy the pole-interlacing requirement for one of the
h'-coupling circuits. The method used to spread the poles of a Yl function _

..'W:I.th - pole ‘at s = e 1s indicat:ed in Figure 31. First, a shunt conduc-

~tance and a shunt capacitance are removed to shift the extreme zeros out-'-'h'

h'fjward The admittance function, Y , is then inverted and two RC-parallel 'jf:”

;-.'.',*-.

fi; branches are removed in series, partially removing the extreme poles and i,. :

'shifting the original poles of the function outward.; The final result isj'“r”

”:,an admittance function,-Yb, with w1dely spaced poles._ A similar proce-v'h

IV-dure is illustrated in Figure 32 for a. Z1 function which does not have a -

'ﬂﬂzero at s = oo, In this case, a series resistance is removed in the firstﬁ ,"g

tstep to Shlft a zero near to the origin.. The remainder, Z , 'is inverted

:_and an RC series branch removed 1n shunt to partially remove the pole
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'jnearéétﬂfb“8'5'15¢ A shunt conductance 13 also removed and the origlnal

'Hpales have been shlfted outward. " The.- final result is an 1mpedance func-"

"'ftiqn,.zb with widely spaced poles.

*,
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omemRy

ﬁgxgﬁpLEéng!THEfPROCEDURElif?fII

-thl'_ -r-i Example Using Admlttance Functions e

As an example illustrating the procedure, assume

g gs £ 0.5) (5 + Lu5)(s 42 5)(s + 3. 5) ey
tr_'_L (s + 1)(s + 2)(8 + 3) - AR
flfsnd?that_itnfsfdesirEd“to:reallsé;stosir-of;trsnsnlssionfseros-at o

The first step is to choose a- c1rcuit. The admittance c1rcuits
'-are to be used because Y1 has a pole at infinity. (If Yl did not have C
1 lpole at lnfinlty, ;mpedance c1rcu1ts would be used ) The range of allDW”

'fable-values-fot.o is calculated from (36) to be

A sketch of an'f&f;?u-'

o 18 made usingf:'

d?these~zeros, The sketch is indlcatedwin Figure 34._ Because all of the o 'dﬁﬂ‘

.'d.:ffinite poles are to the rlght of -o on the sketch it is ev1dent that

the circuit chosen must be such that




' Coupling CirCuits D and E of Chapter TT. meet requirement (120) Coupling

=-'Circu1t D is chosen arbitrarily and‘by trial-andwerror calculation, the h_'

Qif_fd;;

"'.jare found to be compatible with the sketch of y22 Y2 in Figure 34

=TRemova1 of series elements ‘to- shift the poles of Yl is-not necessary for

'.this example. :"“ C

The next step 1s tc see if it is pOSSlble to satisfy the prepara-“

S tory-step conditions using the Vslues of c 3 02, snd 01 of the preV1ous "

.;_step in the yll function. The real and imaginary psrts of the follow1ng-u

B eQuations must be equal. '}ﬁ£;7h'h"

Y11‘3+ j”Ylp‘“ 19> S c125> =

- whére . . |

Chp T s+ 1 S+2 s+3 oo

"“4163ii

a2

=6, .o ey

4hgff5CshfthAs-.°""B§ S _Ds “Jh:;(t?ﬁo.j..
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' mhos, farads'ff:'”

Final Citcuit of ‘Admittance Example,.




'“ﬁnd_:

In (127) it is asstmed ‘that ..

o

fwhere the values of G, C, A B, and D- must-be51ess than the correspondlng_f‘-

:;-1va1ues in the Foster=expansien of Yl fAt least two of the variables Will

- be requ1red to complete the flve unknowns necessary to solve the flve o

.'-'ﬁ;equatlons represented by (124), (125), and (126) There is no vay of

'_knowing at the outset which of the varlables should be used to satlsfy
f:fthe equatlons.'hThe flve equatlons become

-20-;__-..5.1;37,-;1 + 8l + 1215k =

168 Ok al + 30k a, +'_'-_1:38..'0fi<yf=

24 Ok al + 15k a + 9 Ok
Y

1,6k 2yt = 4992 ~ €.+ L0074 +,0108 4 ;010D

R T

Ca2.1ka E 17kyazu ~.0118 + ,008A + .016B + .024D. - (134)

y 1

"'T_Truncated numbers are used in the precedzng equations._ The-éctuglﬂcgléu_j,_r:"

'-;1at10ns were carrled out u31ng ten 31gn1ficant figures for each term of

emiir U0 e T T T e

sy -

Y A S A ¢ 1.1 ) &
aTp TS s+ L ls 42 T 43N '

= _--1.1'-'"...3':3_{::-" G+ 13.5C = 1,084 = 1,1748 - 1.286D - (130) -
93-G-30 = .959A - ,906B.< B46D" (I31).- -

g, 1.-3 - 9C'=*,093A = .170B = (23ID. (132) -

T




'&:‘the equations. The Gauss-Jordon reduction method may be used to elimiwv

H_inate the variables 1n the order. kyal, kyaz, ky’ and C,. A solutlon

':"fﬁwhich satrsfles the equations but doas not over-remove the poles of Y1

.i;f;iis checked using the solutlon of the equat1ons. The inequality,is;eatis-f“-

3

Com . -
[ I

-3{5¥g,=e£9914';.;_;_d3_f-[;' e sy

-'~i'-Nékté.tﬁé_1ﬁéqeeiifyfgi§ee;b§jc1oé);;]1" -

=af;;fyiif(31§;$)Iéﬁ5016286f>lY1ﬁﬁ(;13;§)ﬂe:tﬁiéifg;. ' ‘::i(fﬁzjafwe}

'fieda and therefore the coupling circult may be removed d

The admittance functions of the ladder-clrcuit representatlon for"ﬂ

:;'the coupllng circuit and rhe preparatory step are calculated from the

_ .0114” | _- .- (137) - .

'“solutlon of the preparatory-etep equatlons.. The resulting functions are _fﬁlﬁ'

:_ﬁzr..9914 e :léég%if-f:qw_“' o ',-Tf'(1%55757=




- -;[éléésaV'u_?f§3i§33 i, 85?8(5 + 6. 924yk-y*ﬂ-"*~” :
yl'fus'+_1;5_:t.s +6 T T e

[

.,.00857(3 413, 5)(5_’- 6s + go).;,-~

lddﬁffi .‘V12 G 5)(5 +6

s+ 6 e

S . - o - . ‘ oo e P ._;. .’_- “(._ - - . -. {'.._;-_' .
S 'F%:L"Thefyihfunetion_does;npt havexa;zero*at.sg='ega-and_therefore-the

'fcoupling:cireuitﬂis*zwcdmﬁaCE.ff &;;nfra.-‘- -

Removing the elements in: a step-by-step manner results in the RC '

' mqﬁ;terminatlng admittance

'-jft.é‘*= 6 532(s 1, 99)(s 44, 28)
o T 8 +.2, 77
R;fhhleh“ﬁA?thefneed tdarealiie“etﬁerftranaﬁissionﬁéerde.~ The funetlon Yz

' ﬁiieould have been calculated d1rect1y from the equation

ﬂrrforfthe solutlon of the preparatory stepl leaves Y2 as the only unknawn ' j';’

T{fparameter._ All element values of the coupllng c1rcu1t and of the prepa‘

1a~atory shunt branches may be ealculated u51ng the solution to the eqt.latit:ms..'T :3:”

It is 1nteresting to nete that Y has 4 pole at s
-..;:jis within the range of values predlcted from the sketch of y22 + Y

The element values are calculated Wlth the ald of Figure 17 and

a}!f=the final circult is glven in Figure 35. :.:dfffiKT_;£?e3;i.ft.

o ;(1455 

e

T AT

2 77 which -

1Y




Exa_ple U31ng Impedance Functions _Qﬁ;f:'ﬁ :;;tn:ﬁg_.
As a Second eXﬂmple, aSSume N
oz (3 EXF 5) (6% 1_)(s +.2, 5)(5 £3, 5)' SR ,_.(_1_49); o
”ff”l" "{r7¢' s(s + 1)(5 + 2)(3 + 3) S s

e

" and that the cascade synthesis’ p'fac_éau'r:é s tobe used to realize d palr

- of transmission zerod at | - T oo o

e%:(liﬂj_fifk"

”;-:i"Iﬁpedenbeﬂfnnefiods‘anHjﬁirénitsférérueéd,bebeneeizi’deeexnpt“heﬁe;=

@ ZET0 At s momeey L i

“““=Théﬁfﬁﬁ£fioﬁsJZi‘aﬁa?éll have a common pole et s = 9~~ The P°19 -

i:73;hfﬁf53

';will elso be nommon to 22 and 222. Therefore the zeros of the functions i'itﬁ'.u'T

'7;252:+ Zz, are given by the factors:'_: c

o (s+%)( s+1)(s +2)(3 +3) (1 52) .y

*ﬂfThese zeros are plotted on the negative a-axis,.along wit'fthe known

"?pole at s.— 0 in Figure 36.. A sketch of en RC driving point impedance
:f:_w1th a finlte positive value at 8 “ed is made u31ng the zeros and pole

“_qiof Figurp 36.. The sketch is indicated in Figure 37.

An examination of the 1mpedanee circuit listed in Chapter II reveals:.l '

' ”Vf{that Coupling Circuit F has pole locations compatible With Figure 37.

'ﬁgtrialwand-error calculation, the value




e e

0

2,5

Zerosiof zyy + Zpe”

tSkéch"fozQ2?+#zj‘y*5-”»'ﬁ-?-

U Figure 37,

- ﬁphﬁé,fféréd§+;+f%j :*ﬁ'

;fFiﬁal-ﬁifcuit*of impedapéeﬂExémﬁié;:t.f

‘_ff;Fiéurééﬁé.;
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- of the partial fraction expanszon of Z1

Tl m 22527 L T assy

i.is found to place poles at s'— -oh snd s -;-03 on. e1ther 31de of the zerojl“_' '

;“gat.s = - 2;J These values are Fﬂ{;f,'t""

04 =2,0431138277. T qasay

©and - 3 i R e ST T .I N

%37

The preceding values are then used to calculate zl1 wﬂéhgéatiQf&eW}n:

: :iﬂ}ing the preparatory-step equatlons, B 'f;;;flf; 3,ﬁi'l_l;¢ flire"

e B

e D)

nm- .

g CRBY =2y (22230, o A8

* vihere

'lfand the values of R C A B, and D are less than the correspondlng values

The zllwfunctlon u51ng truncated numbers and using the circuit ._Z*If

.nf'testriction;that;a4,awl,slssu_@{ .

- o 24 67a.. ST
e 2,807 . 18,11, 3. T
..11__ k (1 + :_f p T.2-94:+ =+ 1‘97 )‘:-[Tf; ,; (;§9)_

0, = 1.9682539%682, - .. . Cassy




Equations

.Sl?k a 205k (1 + aa)

°3:7

083k a, + 1. 701k (1 + a3)

: and equating the feal and 1maginary parts, become

N

-3 85k (1+a)='- 613+ 400

259 - 160 % pu125A = L0718 -.,04D. (165)

5, nk_'z-(-i_ # a;:'.s‘)i.i;j.i.a:s'_z = R',200 2= 1 2508 - 42308~

+ 250A + 1543 -

'-_.'.-1.1-3_- 5'-{.‘_12‘0%"._-F-'_-;o_sog +;03D.

=

20

'[:;Again, truncated numbers are used 1n the precedlng equatlons. .

(156), (15?), and (158), using all possible variables'

a -6, '92;-1{2_(1 il a, Y=o 767 R '._444 -é-+ ,798h + 3, 978 ~ 1,330 (161}

, (163 y

sy

One procedure for solving the equations is to ellmlnate the varl-

-ables in - the order°. k (1 + a3), R, k a3,,and 1/C._ One solution wh1ch .

_satisfles the restrlction that-_zlP must be RC is

[T

W )

CA

C .1'0_8%'1:‘____'

oL \"'...

k=" .f'0_0'3'686"7 -

(e6y
o aen

Ly

‘tgef;ii;éi%;”u_\_l

ey




o stever the preceding solution does not meet the preparatory- '

o step 1nequ311ty, condltion (108), : _3rw

.
¢ g

11 (-2 252) <z ;'(-2 252) \””f_f:e"T;'jif(i75).f

S

.'“ThefEfere a'new emlﬁfibh'mﬁet“be*fedh& By tr1a1 and error, the follow~'35

R 113 solution which dees satisfy the 1nequa11ty 1e_determined,_f

Ff-i
0

"

CRmL, 995041 L UL 178y

namses o

Ny 'C':_Ir-- _

A =4eess ST sy

Uszng the latter solution, the z-functions of the tee representation of

-.fthe coupling circuit are. o

158+ .97 . sty

o .005001(3 £ 23252) (226 & 5)a;ﬂ ?bfj?4-[_uf“ o
::212;-:, - (s I, 97)(3 +2 04) S 82)

S 2020
27 s + 1 97




. -and _.thé:'RC termlnating impedance is .

L MSTON(E + 1,228 (s £ 20712) o - Loihoo
AL TRy 'Y ) SRR o2

| ..The fimal circuit is indicated in Figure 38,7 . 7
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. ‘DIscuss ioN '.6? THE -fg@éggﬁkﬁf;;_-_: B

A Spec:.al Techm.que

The procedure developed in this thesis may be applled in- many cases
.:ifto the problem where the transfer function and termination are given.. As Lo

an 111ustrat10ns the glven transfer functlen 13

. ?_’-’es+9o -
(s+1)(s+2)’

 and_ the given ".t"ér';ninati_‘rig_ function '_1-'5 Lo

3 f'Tﬁef?erbs_oﬁ;thé;fuﬂctioﬁquéi¥“zz.E:g g1vgnibyjtﬁejfactdfsj1 j3.

.- 'fhée alternating-pole-zero requirément is satisfied in this case by i

. toupling Cireuit ¢ with. .
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22 and the fol-

The valuesof 9y 04, and 03 are used to calculate z
"_:lowing evaluations are'made. i;,afﬂ”“.“'

u. [zzéhf_zst\..fi“eQOﬁzual34h£.&'360kza3e+ogh£a43ftl,s:;u}tu(191)i_ﬁ

4 ;

+ Z.]

z 4
B éoluingitheﬁﬁrecedihg equatiohsVresuIts-luim I

k= ,02078100023° - (1%4)

cam

S ey e euslseB1aLs. o L ay

lTﬁesé'vaiués?afe used'tdvcaiculatévthe-strcu1t431émsht.salués“?nd the:
".. final circult is. 1nd1cated 1n Flgure 39._

There 1s no - assurance that a coupling c1rcu1t may be found Whlch

*¥$‘0.='~66’5k - 360k a, + 7, Sk i ey

:f°w111 match the alternatlng-pole-zero requlrement. The terminatlng fuuc-= ";; S

'1sﬁh:tion should not conta1n any poles not present in 222, for if such were

"QT'the case, 222 S 22 would have more than three zeros. More than three

*j;3equations similar to (191), (192), and (193) would result, although only _EQ L

".fthree variable Parameters are available to solve them. ;'fﬁ""“

The procedure may be used w1th non—RC termlnations, such as. a L

cme e = e

co ﬁ51mp1e inductance or ‘a serles RL branch _g,_._-r;;h-f;hqfﬁ”'




2,264 34, 57

.hoﬁms;.farads'”

..erigure 395_fCifcuit{oﬁ.Special_TechnlquefEXample.;f; o

Discussion of Future Work ”','ﬂ-f{
- The prodedure developed ln this thesis 1s llmlted to reallzatlon fl

:_of transmLSSLOn zercs 1n the first 30°4sector of the right-half plane. o

ERSIT I

'jf?n that limited region, realizatlon is not ensured in a11 possible cases

'because of ‘the restrictlons of the coupling c1rcuits. The problems in-:liﬁ““¥:“'

-'jvolved in- remov1ng the limltatlons are dlSCUSSEd 1n the follow1ng sections._ -

:Addltional Surplus Factors fﬂ'-lrn;'f.. ',, o -"Eld:{f?aﬁfﬂlg'ﬁffflfiq?fﬁ}ﬁﬂl.

Use of more than one surplus factor extends the permlssable reglon

nfor rlght half plane transmiSSLOn zeros. The surplus-factor zeros, ffj_ftc_;f'-'

'}qolgdooé,pre;.;,_gan_must be real and posltlve for RC circults.. -

- Blll _il




- will havénnon—négétine'ébéffinients_if*thénfdiloﬁiné condifion;.aré_'

satisfieds = O,

must have real zeros:will be satisfied 1f .. =~

'FFbr-exaﬁple5'the'funétionﬁnf"

LTy T e
R R R 8

- 1 I

“ (U * o) 2 20‘ ; _1° 2L (300)

R
W

| The'aﬂdit;bnglrféquiréméﬁtffhat the-Quadtati¢7p¢1yﬁ§hiélg;n R

g _;;t__ G ST R
ot Lo ) L °ol° 2 (201)

oy

(001— ) > 4@01 02

‘J”A Straightforward prccedure for determ1n1ng the conditions under which

}.L 311 of the 1nequalit1es are satisfied is unknown. Condltlon (202) is .:; L

"]'2satlsf1ed w1th the restrlcted CDndlthﬂ that

'5__Subst1tuting (203) 1n (198) and using the equallty 51gn, the surplus fac~"3“”

: ‘.‘6;1_ = %2 - e

B tor values become

: l?315='QGél=-a°'fﬁ;T:""!41;”"?'1..a?(g?é}Lffb




”w}?8§ﬁ i"

e

| ‘.Ré-s'-itri-c_t‘io.n _.\(.'204");_@9#' s‘-ﬁb'et;itntéld-'iﬁn_ _ebnd_i't-'io-n' (199), results :iln" - .

The same condition, (205), is obtaLned by substituting (203) in (200)
The resulting value of Uolusing the equality sign of (200) is- then sub-.." :
"stituted in (199).ﬁ AR - | - |

Condltion (205) limlts the right-half-plane transmission zero to

: the region of the s-plane g:ven by
L -5@;'8"f’._<§'___|Ia'r.g';__s | <90°, L oq206) L

j:anhextensien“of approximately-fivé:deérees-évér'the“bneeeufplnaqfactof- L

' region._ Ihe actual extension is less than five degrees because the sur— =

i? plus factors cannot be equal;

As 8n example of the precedlng results, the zeros of the polynomial

Lokt

-..nm_lie on the‘54 8° lines of the s-plane.; When multiplied by (s + 1)

:Ipelynomial has non-negative coeffic1ents given by

1:FﬁhenTﬁultinliedibyf(sf+53}2;;thefnenfnegativefebeffiqientgiefefgibeﬁﬁﬁﬁiif-?..:'”“

' 'ma vl e

~'ﬂIf the surplus factors are’ made slightly unequal in either case, negative ;i:j'.

’;coefficients appear in the result of the multiplication.n-n
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. zero restriction is - -
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. ”g;_;and the other for use in Ylé synthesis.- The necessity for two sets of

1’ (-a ) < 'z * cr.n) sy

where Y ';and'z ‘are RS functions and g ,:}‘.';;*aff represent the sur-'r
T lp Q.:--lp . ol” - L7 Ton |

“-%7p1dsefactor'teros. The procedure for proving these conditions is a straight—' k

forward extension of the proof given in Chapter III for one surplus factor,

- and therefore is not repeated here.

Coupling c1rcu1ts for the procedure must be derived Theffanilvu'
of circuits for use w1th two surplus factors and parameters will include

‘a triple tee circuit, the c1rcuits of Figures 15 and 19 the circuits of

f_Figures 13 and 17 w1th extended ladder sections, and other circuits.,'fh-"'“

The terminating immittance must be two degrees less in the numer—fk__:

'ator and 1n the denominator than the driving point immlttance, regardless |
':of the number of surplus factors.,

ffNon-Co_pact Coupling Circuits

The 1ist of coupling circuits given in Chapter II is not complete ;3
'f_renOugh to include-all possible combinations of glven driving p01nt func- :
.d.tions and given transm1351on zeros Without the removal of both series

‘-_and'shuntﬂelements. The procedure would be improved with the addition

'-of other compact three terminal networks.-

An alternative to finding other compact networks would be to devel-f

',rop two sets of non-compact networks - one set for use 1n 212 synthesis fik”

: coupling circuits Yias discussed 1n Chapter II.

[N

The nOn-compact networks appear to have fewer restrictions on PR

?,;pole 1ocations. For example5 the Guillemin parallel ladder networks




'"”j have . restrictions ‘on. pole 1ocations., However the nonwcompact poles

of the coupling circuit must also be poles of the driV1ngwpoint immit—'p1i :

.tance. In addition, the alternatingwpole-zero requirement for the y22+ Y

c factor (s 4 o ) as in the compact case. The preparatory“step conditlons';
'-'appear to" be the same for non-compact and compact coupling circuits.'

The family of non-compact coupling circuits for uge with one sur-*-

';i' plus factor may contain circuits with one or two non compact poles. For:

L example3 the coupling c1rcu1ts of Figures 15 and 19 are non-compact at

'".the 02 pole if o2 is chosen to be less 1n.magn1tude than o The Guillemin

.parallel ladder networks are,_in general nonvcompact at both poles, In f“.-'

s certain cases, the non-compact pole may be made to c01nc1de with the gur- ;“

"FpluSmfaotorszero-o-s If this 1s done9 the (s + o ) factor will cancel in.

?==y s si lifying the preparatory-step conditions. An interesti sub-
12 mP ng

'-case to consider here, 1s the effect of causing (s + g ) to cancel An: Y113.

.NVnor Y22 ‘as well as in =y12.r The cancellation may be realized USlng the

“_;methods of this thesis.. ':Eaﬁfa*:'

) o
j’bf 22 + 22 functions must be satisfied.- The functions have the numeratorfr
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