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Abstract: Problem statement: Further to research works made previously and whgghcollectively
the scattering formalism and bond graph technidquetlie modeling of a physical systems often
working in high frequencies, we propose, in thiticke, a comparative study (discussion) for the
scattering matrix realization of a high-frequentysgical systemApproach: This discussion is based,
on the one hand, on a non-causal (acausal) bopti gnadel which represents the starting model fer th
determination of the scattering parameters. Orother hand, we shall use a causal bond graph model
richer in information and to which we shall apphhat we called in former articles: the analytical
procedure of the scattering parameters exploitatiith the aim of showing the importance of the
causality notion in the physical systems studyhsytiond graph approach, as well as the importahce o
the ways and causal loops notidesults: We will, initially, apply this discussion, to areeentary
transmission line; in the second place, the apjieas carried out on the equivalent circuit oband
pass filter based on localized elements often Uigedmicrowave filters in high frequencies studies.
Conclusion: We will finish this discussion by realizing the #esing bond graph model of a quadruple
by pointing out the procedure used for the constrnof this new type of bond graph model.

Key words: Transmission line, scattering bond graph modeldhmass filter, loops notion, microwave
filters, graph technique, dynamic behavior, phylsigatems

INTRODUCTION the causal relations (Buissenal, 2000). It thus plays a
significant role in the bond graph development add
The development of the bond graph technique wathe interest which Paynter (199g)ants to him which
articulated around two basic concepts which are theegards it as an alternative approach for the physi
reticulation assumption and the power continuitysystems modeling.
principle (Mota and Mota, 2011), without forgettitige We will trying, in this article, to apply the new
importance of the causality concept, which revélaéks modeling technique, described in former articleiclv
relations of cause for purpose (Cause with effectuses collectively the scattering formalism andtbed
between the various modules of the system andn®tur graph approach for a modeling of the physical syste
the bond graph model richer in information than aoften working in high frequencies. For that purpose
simple graph model (Birkett, 2009). and although these works on this new technique
The profits of the causal ways and loops make itemain limited at least as regards the bond-graphic
possible, amongst other things, to make structuraflesigners, the display of what was made in this
analysis, to have an estimate on the dynamic behavi domain will allow us to propose, at the beginnirfg o
of the system, to determine the Inputs-outputdicgla, our researches, a method based on a non-causal
whereas the scattering formalism, through its diffé ~ (acausal) bond graph to calculate the scatteringixna
properties evoked previously (Taghouti and Mami,of the studied system.
2010a; Taghouti and Mami, 2009), includes explijcitl Then and while basing itself on the fact that the
the conservation laws and respect in an intrinsiky w concept of causality is a concept very significant
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modeling of the physical systems since it enabfesou q Femmm——————- C
organize the relations constitutive of the elemémtzn —_—

Inputs-outputs form and to analyze the variables of : ]
powers effort and flow in terms of dependence, we ' >
propose in the continuation of this study to bue Wil =
“Scattering Bond Graph” model by taking account of :
the causality concept contrary with what was cdrrie €1

out in the study of Professor (Kamel and Dauphin- W
Tanguy, 1996Wwhich completely cancelled the concept
of causality in spite of its importance. We consjder
the construction of this new model, as startingiptie @ ========-=-=-~ -
conventional bond graph model which will enablaas (a)
calculate the scattering parameters by the apicaft

the analytical exploitation procedure explainedoimr
previously papers and which uses the causal ways
notions and the Masson rule applied to the transéol, A
reduced and causal bond graph model and for obgecti Wi
to apply to the found scattering matrix, which ist n —»
actually a transfer matrix, the procedure descrilved

the previously papers (Taghouti and Mami, 2010a) in &1
order to have the famous model “Scattering Bond PP —
Graph” of the studied system. Wi

i2

Calculation of the scattering matrix from a non- . :

causal (acausal) bond graph representation: The e ;

starting point of this method is the acausal boraply (b)

of a physical or electrical studied system bro k . L . .

in th(f e}llementary shape to two brar}llches incllmmg o Fig.1:(a) Series impedance in reduced variablgs (
one “O-junction” and “1-junction” associated witm a Parallel admittance in reduced variables
equivalent impedance and admittance in cascades

(Kamelet al., 1993). Z
Now let us consider the series impedance and the
parallel admittance in reduced variables as the Fg
and Fig. 1b shows it below.
_v+
W, = (1) . .
1
V=i 1 P
w, :T (2) (P (@)
The bond graph representations (Fig. 2) associated
respectively to the Fig. 1la and b above will be as N\
follows:
The scattering matricesess (often noted § and
Searallel (Often  noted § associated to the two
representations below can be written, while beiasghl
with the Eq. 1 and 2 and with the Kirchhoff rulesthe
following form Eq. 3 and 4:
21 - g2
0
z 2
S = z+2 z+2 (3) (P] (Pz
; 2 z Fig. 2: (a) The acausal bond graph associatedgol&i
z+2 z+2 (b) The acausal bond graph associated to Fig. 1b
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-y 2
y+2 y+2
= 4
s=7, )
y+2 y+2 Vi
The equivalence out of wave matrixes is given
respectively by the below expressions Eq. 5 and 6: (@) Z
- r_ Zdz ‘\\
z+2 2 ! |
2 2 .
W. = 5 Ydz
s z  2-z ®) (b
L 2 2 |
ez y
w=| 2 2 ©) Fig. 3: (&) Transmission line; (b) Elementary line
Py 2-y variation
L 2 2

K
1
1 YN

The product of the two wave matrixes below gives
us the total wave matrix Yyof the system in cascade in
the following form Eq. 7:

zy+z+y+2 zy—-z+ y

W, =W, W, = 2 2 ()
zytz-y zymz-y+2 20-sim 4.0 viewer (c) CLP 2008
2 2

Fig. 4: Quadripolar representation of a linear ation
By applying the transformations between wave with losses

matrixes and scattering matrixes, we can have tbizl

scattering matrix form & of the system in cascade, Comparison to the analytical exploitation
such as Eq. 8: procedure:  Application in a transmission
elementary line: Let us consider now the transmission
1 y+z-y 2 line and its elementary variation represented like
S, =—[ } (8) indicates it the following Fig. 3.

Zyrzey+2 2 Tty The electric study of the transmission lines (Beck
et al., 1995) is possible that has to leave an equitalen
model with localized elements and which represents
L . linear variation which the dimensions are much smnal
8. and .by the organization of the system in thethan the used wavelength guided ((y<Under these
hierarchical arborescence form allowing finding theconstraints, it is possible to model the line agake in

elementary structure of equivalent impedance andascade (stunt) of elementary quadripole (Mattletei
admittance in cascade (stunt). Now in the casenef t 5 1980) as indicates it the Fig. 4 below.

electric systems working in high frequencies, the
organization in the hierarchical arborescence fism Where:
almost impossible, because, like example, we caeme R =Linear electrical resistance
return an antenna with micro-strip lines or mutiats L =Linear inductance
(multilayer) antennas with distributed elements amd C = Linear capacity
the shape of serial impedance in cascade (stutitjavi G =Linear conductance
parallel admittance. We shall discuss during thisl\s
the case of the characteristic impedances of these The elementary structure of the equivalent linear
systems and the possibilities of returning themha impedance and linear admittance in cascade is giyen
form of impedance and admittance in cascade (stunt) the following expressions Eq. 9:
461
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<

Z=R+jLw z
L 9)
Y=G+jCw

The normalization of these expressions compared
to a normalization resistance (often we shall atersi
the internal resistance of the generator as nozatéin 1
resistance by taking into accounts the condition of 20-sim4.0 viewer (c) CLP 2008
impedance adaptation) allows us to write Eq. 10Hhd

o

Fig. 5: The acausal bond graph model of the linear

z=r+17. [% (10) variation with losses
y=g+1.05
I, Cy
Where:
=R gl
R, ° r
f;_ (11) &1 g2
T, =—, 1. =C[R, b - Al ’ ‘ P
RO P ¢

From the acausal bond graph model of Fig. 5 givetkig g: The causal and reduced bond graph model of
below as well as the expression of Eq. 8, we can the linear variation

directly deduce the scattering parameters of the

elementary line variation describes previously. Th i . his bond h
Thus we can write Eq. 12: e causality assignment on this bond grap

results in an effort-flow causality seen by theteys

_ as indicated on Fig. 6. While referring to our old
T (1+9) g g
rcrLEt2+{ : }Es+ dr-3+r works (Taghouti and Mami, 2009; 2010a; 2010b),
S.= [T (-r _ the analytical Inputs-outputs relations can takent
, |Te(1+r)+ the following form Eq. 13:
1T [+ G5+ {1+ g+ g+ 2
[T (1+9) |
_ 2 0,(t) =Huy(s)es(1) + Hi( 90 (9
S - : - (13)
Te(1+1)+ &,(t) = Ha(s)e(t) + Ha 99 o 9
TCTLB2+T(1+g) G+ {1+ g+ g 2
L
) 5 Vo2 The scattering matrix will take the following form
> T |32+_Tc(1+ I’) +] &+ r(1+ g+ 2 s
CHL g+
1, (1+9)
- 1 N 1-H,-H, 2H
+r)+ 12
1.1, ¥ - () G- gr+1)+r P S
1, (9-9) 1+H,,—H,,+AH -1-H,, (14)
S, = _ = 2H
i 2+ Tc(1+ I’)+ 5+ I'(l+ Q"' > 2 -H,, +AH
T-T
ot | T (1+ g) | o AH=H;Hy—H H

To apply the analytical exploitation procedure e detect, on this reduced and causal bond graph
which takes account of the causality concept, \&et sty 5qe|, by going through the causal ways, a single

by assigning an integral causality on the bond lgrap .5 ,s3| loop Bwhere the associated integro-differential
above while supposing that the linear and reduce%perator is Eq. 15:

impedance and admittance have respectively the
characteristics of an inductance and a capacitymFr
where the causal and reduced bond graph modekof thglzi (15)
linear variation will be like the Fig. 6 indicatiéselow. zy

462



Am. J. Applied Sci., 9 (4): 459-467, 2012

The integro-differential operator associated wité T (1+g)+
determiner of the reduced bond graph model is Bqg. 1 1.1, & { L( X }Es+ r(g+ :)— g
T (r-
A =1—i (16) e &2 _TC E1+ r) +] I’( g
T.T + G+ {1+ g+ g 2
z g/ chL _TL (1+ g) |
The operator associated with the causal way S,= _ ( )2_
connecting the reduced variakdgwith the R port to , | Telltn)+
the variablep, with the same port is Eq. 17: R T (1+9) (1 g+ g 2
(8)=—= a7 |S* : -
Hy(s)= 17 1o i 1+r +]
zy-1 11, B+ TC( ) 5+ r(l+§)+g— 2
: . T (1+9)
The operator associated with the causal way B N
connecting the reduced varialipe with the B port to —T.1, [+ w(l-g) 5+ (1-g)-g
the variabla,with the R port is Eq. 18: s,= —Tc(1+ r)
g ol (1+7) e {1+ ,
1 T.T + + 11+ g+ g
Hy,(s) = -1 (18) ot +1,(1+ )

The operator associated with the causal way We notice that the scattering parameters found by

connecting the reduced varialde with the R port to the two mEthOds present some differences with _degar
. , : ) to the sign of the numerator or the denominator
the variablee, with the B port is Eq. 19:

parameters, which is due to the causality assighmen
4 and the change number of the orientation while
H,(s) = (19) following the variables efforts and flow througheth
zy-1 information bonds of the reduced and causal bond
graph model above.
The operator associated with the causal way

connecting the reduced variale with the B port to  Discussion and comment: The causality assignment on

the variablee, with the same port is Eq. 20: a bond graph model does not depend solely on fie ty
of elements but also on the total structure oftjonc In
2»(8) = —Z (20)  fact, the causality is more informative than thaaept of
z[y-1 impedance and admittance (Birkett, 2009) whichdaxfe

its interest on a bond graph model replaced by the
While referring to Eq. 14, the scattering paramsete concept of elementary transmittance obtained starti
of the S matrix according to the linear reducedfrom the profits of the ways and the causal loops.
impedance and admittance are such as Eq. 21: Moreover, with regard to the extraction of the
scattering parameters method by the analytical
exploitation procedure describes in our previously

SH:M works (Taghouti and Mami, 2010a), where we
zy+y+z-2 presented the four relations related to the vartgpes

s, = 2 of causality, making it possible to determine the S
zy+y+z-2 matrix. The problem arises when one deals with

B 2 (21) situation where causality on the bond of entry,libad
Szl'm of exit or even on the two bonds is not singletHis

—20y-y+2 case, the choice of the type of causality determine

S, :z[y+—+z—2 which relations to be used (Taghouti and Mami, 2009

y 2010a; 2010b).
However, it would be more judicious, to facilitate
By replacing the linear impedance and admittancend reduce calculations, to choose the case of the

by their Eq. 10, we can rewrite the scatteringobligatory causality imposed by the inductive and

parameters in the following form Eq. 22: capacitive elements constituting the studied sysaath
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if is not the case, choosing us causality makingScattering bond graph of a quadripole: The most
revealing a minimum number of ways and causal loopgeneral form of the scattering matrix “S” of a
as in the case of the example of the elementagy linquadripole is given by the Eq. 24 and 25 below:
variation of the previously Fig. 6.

Otherwise, in the method of the acausal bond graph | [pig 4.+ B g+ 7
which allows us, after a hierarchical reorganizatitn S:m b21 ] 2 22 2 (24)

h | h A 2 +...+h) b]5“++[a2
obtain an impedance series and a parallel admétanc
cascades about it (Redfield and Krishnan, 1993)mnd Where:
looking at the Ohm'’s law given by the Eq. 23 abtore

the calculation of impedance, we note that a ciysal d4(5)=a8+ a, &' ++ a (25)
entering effort (or outgoing flow) was implicithaken

into account resulting in a derived causality flengents The S matrix presented above is a 2-2-matrix
| and one integral causality for the elements CL: having a particular form whatever the complexityttuod

expressions of the equivalent series impedance or
parallel admittance if we work by an acausal bond

U=RO graph model (Kamel and Dauphin-Tanguy, 1996;
U=zO={U=1 30 (23) Kamelet al., 1_993). _
1 Indeed, if the system does not have any active
U= BD] source, then the quadripole is known as reciprocal,
TC

moreover, if the system is supposed without logsSh
matrix is orthogonal.

Reciprocally, in the calculation of admittance, in The number of dynamic components present in the
fact the “I” elements are in integral causality vé@s the  studied physical system is given by the “n” degoge
“C” elements are in derived causality. This beingllw d(s) denominator. Indeed, “n” will indicate the rioen
cavity, independent from the effective causalityiohh of | and C elements in integral causality if onartsd

would have the bond graph model in integral catysali from a bond graph model, whereas the elements which
are in derived causality do not play a part in the
MATERIALSAND METHODS dynamics of the system.
Realization procedure of the scattering bond graph: RESULTS

We propose, during this article, a new type oftieta i , .
enters the scattering formalism and the bond graph 'NOW let us consider the equivalent circuit of a
approach while combining both procedures describe@nd-pass filter based on localized elements liies t
during our research works (Taghouti and Mami, 2010bF19- 7 shows it below.
Taghouti and Mami, 2009; ), by leaving from a regtiic T_he C(_)nventlonal and causal bond gra_lph model of
and causal bond graph model (Amara and Scavardg?'s filter mte_rcal_ated betwee_n the two input-autp
1991) to reach a particular type of bond graph rhodeP0rts R and Bis given by the Fig. 8.
called “ Scattering bond graph” who makes to appear W& know that in such circuit the two parallel and
explicitly the various of power waves (Kamel and ser!es.mductn/.e and capacitive elements, likeRite
Dauphin-Tanguy, 1996; Kamel al., 1993). 8 indicates it above, can be rep_Iaced b)_/ an
Contrary to the scattering formalism often used inMmpPedance series and a parallel admittance without
problems of waves distribution (optics, hyper- modifying the dynam|c be_ha\_/lor of the system. To
frequency) (Wake, 1998), a bond graph model is aRPply t_he analyucal explon_atlon procedure to $e
unified representation by numerous domains of the&Cattering matrix, we simplify the model above in a
physics and like the scattering bond graph istrar_lsf(_)rmed,_ causal an(_j reduced b_ond graph model
associated with a classic bond graph model, wel,trie @S indicates it the following Eq. 26 Fig. 9.
in this article, to preserve our studies in theyérency
field while choosing to work like beginning, on hig
pass filters with localized or distributed elements
(Taghouti and Mami, 2009; 2010a; 2010b) Z=§+Tu$

Where:

considering the realization of this type of bondgr cr (26)
amounts changing field of study while passing from |y=1_s+
the frequency field to the temporal field. 1,8
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—— g DISCUSSION

L, Ci

This matrix is not a true transfer matrix (conyreo
La¢ & the wave matrix), we will precede it like that, laast
I from an input-output point of view, connecting, an

e symbolic form, the incident and reflected waves.

[ With this intention, we will apply the results dig
20-sA.0 viswes (C}CLE 2008 previously works (Taghouti and Mami, 2009; 2010a;
Fig. 7: Equivalent Circuit of the band-pass filer 2010b) which makes it possible to build a bond

graph model starting from a transfer function or
matrix (Kamel and Dauphin-Tanguy, 1996; Kanetl
P, al., 1993).
The S matrix is not in an adequate form since the
degree of the numerator is equal to that of the

C1 {1 11

Py 11} 1P
e : ' denominator. The step to be followed thus consists
carrying out the Euclidian division of each termtbé
matrix numerator by the common denominator d(s)
b 0 o what gives a new matrix noted S” having a degree to

20-sim 4.0 viewer (c) CLP 2008 the numerator equal to that of the denominator d(s)

) ) decreased by one.
Fig. 8: Conventional and causal bond graph model of  1he new form of the scattering matrix, after the

the band-pass filter Euclidian division, will be in the following formde 28:
T S=8+ M, (28)
Mp = Represent the direct transmission matrix.
P; A0 0 A P>

The terms of the constant matrix;Mre a function
of the respective coefficients of the numeratord te
common denominator thus represent the quotients of
20-sim 4.0 viewer (¢) CLP 2008 4 Euclidian division of the each term of the scattgri
’ matrix by its common denominator (Kamel and

Fig. 9: Reduced and causal bond graph model of thBauphin-Tanguy, 1996; Kametal., 1993).
studied filter It will, thus, take the following form Eq. 29:

The parameters of the scattering matrix will basth
in the following forms: M, :{

q; Qi
(29)
U2y q22:|

LT tere s e Lz(T [ cgé
*TeaT 2% T 1Te 52+ TLZ—TC])S+1
W tertes e Lz(T cat LJ)SS*
(TCZTL2+T Lifert2t ot CJ)SZ*(T cftt Lg st1

The second stage consists in seeking for the new
scattering matrix “S™ the development in alpha&et
and building the corresponding bond graph model by

. 2ty o8 . it
R Aot ) using 'Fhe procedurg of reahzapon of a bgnd graph
(featia*TLitert 2t Lo o)+ et T )5+ (27)  model in the multivariable case like we explainedrie
. 2teqty 9 previously papers.
2 . .
Tt pterfe s ot LT o ys The direct part comes to be grafted on this bond
+ +2 + i+ 1 . .
et et e graph using a suitable number of bonds from
= 44 _ . . . . . .
‘TL1‘§2‘01:C§ ;cfrtz(‘ L ‘501)153 information connecting the entries to the varioxisse
_ {e2t2*Tiafey)s H{To T ey st . .
toteites T oF Lt oot L9 We represent the scattering bond graph _rr_10dele|n th
P T L (e ! case of a direct diagonal matrix by the followirig.R.0.
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modelling of a physical system by bringing to lighe
power waves and their distributions on a partictype
of graph bond often called “Scattering Bond Graph”.

The procedure described in this study, has allows
us to have a temporal representation with dynamic
elements which can have a physical interpretation
(performance) and a better analyze of energy
phenomena.

This procedure gave us, by means of a graphic
representation, an access to the various power syave
contrary to the scattering matrix which remains a
formal model difficult to interpret.
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