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Resistance without resistance: 7. =fz)="PZn T
An anomaly MY oL+Z, 1+iwCZ,

(1)

N. Kumar This recursion has two fixed pointg* = f (Z*), giving

) Z* = 0,R. Linear stability analysis of these fixed points is
Raman Research Institute, Bangalb6d 080, India readily done. A perturbatioz, about the fixed point
Z* = 0, iterates away giving,}1| = 2,|, makingZ* = 0
an unstable fixed poird¥ (= 0) Next, consider the fixed
pointZ* = R. A perturbatiornzy aboutR, iterates as

The elementary two-terminal network consisting of a
resistively (R) shunted inductance L) in series with a
capacitatively (C) shunted resistanceR) with R=+/L/C,

is known for its non-dispersive dissipative response,
i.e. with the input impedanceZy(w) = R, independent _ 1-w’LC

of the frequency @). In this communication, we examine Zn+1 ‘m &
the properties of a novel equivalent network derived

iteratively from this two-terminal network by replacing  giving

everywhere the elemental resistive parR with the
whole two-terminal network. This replacement sug-
gests a recursiorZ,.1(a) = f(Zn(e)), with the recursive
function f(2 = (ilwLz/iwL +2) + (zZ/1 +iwC2. This re-
cursive map has two fixed points — an unstable fixed
point Zf = 0, and a stable fixed poinZ% = R. Thus, re-
sistances at the boundary terminating the infinitely iter-
ated network can now be made arbitrarily small
without changing the input impedanceZ. (=R). This,
therefore, leads to redizing in the limit n - o, an
effectively dissipative network comprising essentially L
the non-dissipative reactive elementsL(and C) only.

Hence the oxymoron-resistance without resistance!

1
This is best viewed as a classical anomaly akin to the ‘ ;

Zoa| _|1-aPLC] _
zZ, | [1+wiLc| T

(2)

one encountered in turbulence. Possible application as
a formal decoherence device — the fake channel —is
briefly discussed for its quantum analogue.

Keywords: Classical anomaly, dissipation, disorder, fake o
channels, fixed point, iteration, localization.

ConsIDERan elementary two-terminalCR network shown “"‘T“‘"‘"
in Figure 1. This series—parallel combination of the resis-
tively (R) shunted inductancé.) in series with the capa- 2
citatively (C) shunted resistanc®)(with, R=+/L/ C, has a
dispersionless dissipative input impedadggd) = R, in-
dependent of the circular frequencg)( This readily 1 1
verifiable result is, of course, known, though not as com- | '

monly as one would have expected it to be. (The —J—]—L‘
equivalence is detailed in that, etge Nyquist—Johnson % g t }' . R

noise powers generated by the two shunt resisi®rat(

temperaturdl, say, combine to give a noise output at the = JR
(1-2)-terminal equal to that for a single resistaRcat | — ﬁ;

Figure 1. Dispersionless two-termin&aCR network withR= /L /C.
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temperaturerl.) The structure of this two-terminal net-

work admits iteration generating an equivalent network as L3 | R
indicated in Figure 2, which is much familiar as a ladder ¢ ____ < R cT

network. Consider such an iterated network, but now T . i
terminated arbitrarily at the boundary. With this, we can ‘ T__,___l

write the recursion relation > |2

Figure 2. lteration of the two-terminal network wittR(=+/L/C)
replaced recursively by the whole two-terminal network. Shown here is
e-mail: nkumar@rri.res.in one stage of iteration.
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Figure 3. a, Iteration of the two-terminal network impedance @&w)) initialized atZ, = 0.05 + i0. Note the fast convergence to the stable fixed
pointZ% = 1. HereR=L = C = 1, andw= 10.b, Iteration of the two-terminal network impedance @piw)) initialized atZ, = 0.05 + i0. Note the
fast convergence to the stable fixed pai#t= 1. HereR=L = C = 1 andw = 10.

This makes the fixed poit (= R) stable. The implication at the distant smallest (Kolmogorov) scale — of viscosity.
of this fixed-point analysis is now straightforward. Termiindeed, the dissipation rate becomes independent of the
nating the network at the boundary with=ry+ ixg, Viscosity in the limit of vanishingly small viscosity! This
wherer, can be made arbitrarily small (but non-zerds a classic example of the classical dissipative andmaly
positive), the impedance will iterate away to the stabli@ the technical sense of the term — the time-reversible
fixed pointZt = Rash - o. This is, however, so assumingsymmetry remains broken even as the symmetry-breaking
that there are no other attractors. We have, therefore, cparameter (the viscosity) tends to zero, giving dissipation
ried out the recursion in eq. (1) numerically with differentvithout dissipation!
initializations, and a typical evolution is shown in Figure The conceptual similarity to our network @dvious
3aandb. (and not a little because of the inward-bound nature of our
Again, note the fast recursive convergence to the fixetkrated network that makes the drawing in Figure 2 in-
pointZ{/R - 1. This is the all important point — an arbi-creasingly more difficult beyond even the second stage of
trarily small resistive termination at the boundary generatégration). It will be apt at this stage to note that yet an-
a finite resistancdR =+/ L/ Cin the limitn - «. And this other example of such an anomaly is encountered in the
result suffices for our purpose. (Inasmuch as the recursioantext of infinite-ladder networks of inductors and capa-
holds for all values of the frequenay other attractors, if citors**, where finite dissipation arises as a result of a subtle
any, e.g. a period-doubling (two-cycle) attractor, woultimiting procedure well known in the context of phase
generate infinitely many isospectral networks. Such atransitions. The networks are, however, essentially low-
tractors, or indeed a strange attractor, should be interestpags filters and the input impedance is not dispersionless.
for network synthesis.) The physical picture, of course, M/e may note in passing that the iterated network is hier-
just this. The energy fed at the input terminal into the inarchical in its geometry.
finitely iterated network appears to be absorbed effec- Our analysis of the iterated network has implications
tively resistively at the input terminal. But, in fact, it isfor dissipative quantum mechanics. It is known that there
really not dissipated there instantaneously acdllp— it is no simple way of introducing dissipation phenome-
is cascaded away to the distant boundary where it is ultielogically into a Hamiltonian quantum system without
mately dissipated. In a steady state a.c. response, for ineonsistencies A way out in the context of quantum
stance, much energy remains stored in the reactive elemetitsnsport has been to introduce fake charnffeluch as
This is strongly reminiscent of what happens in fluid turburansmission lines that outcouple part of the wave amplitude
lence. There too, energy fed at the large-scale eddy (int&wusing the so-called stochastic attenuation. Our infi-
gral regime) is cascaded away progressively to smalleritely iterated network is essentiallylampedelement
scale eddies (inertial regime), and is ultimately dissipatéchnsmission line where the reactive elements can be con-
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sidered as part of the Hamiltonian system, and ditisip A view-based approach for the

enters only through the anomaly discussdénbva. A : . .
guantum version of our iterated network is the Cayley tré’gCOHStFUCtIOH of Optlcal properties

composed of one-dimensional scatterer as introduced 8§ turbid media

Shapird in the context of quantum conduction in parallel

resistors using splitters. .. Atul Srivastava*, H. S. Patel and P. K. Gupta
An interesting feature of our network is its invariance
. . . L

with respect to a certain correlated disorder, namely thg

the conditionR=+/L/ C (fixed) allows us to var{ and

C for a givenR at random with the strong correlation, 5 view-based approach for the computation of updates

without leading to Anderson wave-localizatiSithat would  of optical parameters of a turbid medium is discussed.

have blocked energy cascading. This is a case of purdlje approach differs from conventionally employed

gauge disorder. reconstruction techniques in terms of implementation
In conclusion, we have analysed a two-termib@R of the computed updates. Simulation studies in fre-

network which is dispersionless and admits hierarchicHency domain for tissue phantoms approximated by

iteration. When infinitely iterated, it gives an essentially/ad geometry have been presented. Results of the

reactive [ andC) network and yet provides dissipation —>tudy show that the proposed inversion scheme, wherein
Qe projection data corresponding to each view has

through an anomaly. Possible application to dissipati\{) handled individuall K i dicting th
tum systems is pointed out. The network admits corr een handled individually, works well in predicting the
quan : [?resence of an inhomogeneity. A comparison with the

lated disorder without localization. reconstruction results of conventionally employed in-
version schemes involving simultaneous handling of
projection data from all the view angles shows that the
accuracy of the proposed scheme in predicting the
presence of single inhomogeneity is higher and the re-

ser Biomedical Applications and Instrumentation Division,
ja Ramanna Centre for Advanced Technology, Ind62013, India
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