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Abstract We present numerically obtained bifurcations of two dual singularly
perturbed nonlinear oscillating circuits. Each of the circuits comprises two coupled
sections: a nonlinear section with dissipation and a linear one with a small constant
biasing source. The two dual oscillators show an interesting pattern of hierarchical
oscillations that follow the Stern-Brocot tree with intervals of synchronization
yielding Arnold’s tongues and their corresponding devil’s-like staircases. Several
numerical results are included.

Keywords Bifurcations · Mixed-mode oscillations · Entrainment modes ·
Arnold’s tongues · Devil’s staircases · Chaos · Event location in ODEs

1 Introduction

Consider two dual circuits shown in Fig.1. Each circuit includes one nonlinear
element with a cubic current-voltage characteristics, either Vnonl = αx2

1 + βx3
1, or

equivalently Inonl = αx2
1 + βx3

1, where α > 0, β < 0. Also, each circuit has one
linear controlled element, V or I, respectively, and a constant biasing source a.
All other elements in both circuits are linear. Varying the values of conductance
G (or resistance R) in the circuits in Fig.1 changes the coupling between the left
and right sections of each circuit with the strongest coupling at G = 0 (R = 0).
The coupling becomes weaker with increased G (or R). The right section of each
circuit is a linear oscillator serving as a driver of the left section which is a nonlinear
oscillator.

If we assume (see Fig.1) that 0 < L1 ≡ ǫ ≪ 1 and C,L3 ∼ O(1) (0 < C1 ≡
ǫ ≪ 1 and L,C3 ∼ O(1)), then the circuits can be described by the following set
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Fig. 1 Left: The LCL circuit with L1 = ǫ ≪ 1, V = (1 + b)x2, Vnonl = αx2
1
+ βx3

1
. Right:

The CLC circuit with C1 = ǫ ≪ 1, I = (1+ b)x2, Inonl = αx2
1
+ βx3

1
. For both circuits: a > 0,

b > 0, β < 0 and α > 0.

of singularly perturbed ODEs

ǫx′
1 = −x2 + αx2

1 + βx3
1 ≡ g(x1, x2, x3)

x′
2 = x1 − x3 −Kx2 ≡ f1(x1, x2, x3)

x′
3 = a− bx2 ≡ f2(x1, x2, x3)

(1)

where K ≡ G for the circuit on the left side in Fig.1 and K ≡ R for the circuit on
the right side in Fig.1.

Each parameter of the circuits, a, b, α, β, G (R) and ǫ, has a significant impact
on various dynamical properties of the circuits.

The singularly perturbed model (1) with K = 0 was analyzed from the point
of view of its mixed-mode oscillations (or MMOs) in [1]. The circuits were orig-
inally introduced in [2] and their Ls-type bifurcation diagrams were presented
in [3] with the pair of coprime integers (L, s) denoting the numbers of large and
small amplitude oscillations, respectively. The MMOs of type Ls occur when a
synchronization (also called the entrainment or injection locking) phenomenon of
two oscillators occurs. Several bifurcation diagrams with slowly varying parame-
ters a, b, α and β show intriguing patterns of the Ls sequences when the linear
and nonlinear sections of the circuits are locked.

The MMOs and synchronization phenomena are widely present in many bio-
logical and chemical systems (see e.g. [4]). Human heart may experience cardiac
dysrhythmias resulting from a lack of synchronization of various pacemaker sites in
the heart. Such problems can often be identified with a routine electrocardiogram
(ECG) scan [5]. Other important areas of injection locking and synchronization
phenomenon are the epileptic brain cell diseases (e.g. seizures) resulting from a
synchronization of a massive population of neurons in human brain. Such synchro-
nization (that is in some sense equivalent to the Ls-type of MMOs studied in this
paper) can be monitored by EEG [6].

In this paper we present numerically obtained results on synchronization phe-
nomenon in the two circuits presented above. In particular, we examine various
parameters of the circuits and their impact on the shape of Arnold’s tongues,
peak-to-peak maps and devil’s staircases. We believe that the results presented in
this paper shed a new light on the general properties of the mathematical model
(1) and the circuits in Fig.1 in particular. The present paper complements those
earlier results and shows further interesting properties of the two circuits by using
a variety of numerical results obtained by using our in-home bifurcation software
(based on Fortran and Python), see appendix A for a short description of bif.f90.



Bifurcations of singularly perturbed oscillators 3

−0.2 0 0.2 0.4 0.6 0.80
0.05

0.1
0.15

7

7.2

7.4

7.6

7.8

8

x 10
−3

x
1

x
2

x
3

(a) (b)

Fig. 2 (a) Typical periodic Ls (L = 3, s = 8). (b) Bifurcation diagram x1,max versus b with
a = 0.0005, α = 1, β = −1. For both graphs K = 0.3 and ǫ = 0.01.

The interested readers are welcome to request (from the first author) a copy of
the software that was used to create all graphs in this paper.

2 Details of the numerical approach

The system (1) exhibits a very rich dynamical behavior. To be able to study
it in detail, one needs a computational tool which can accurately and efficiently
determine the Ls-type of MMOs the systemmay show for certain parameter values.
For this we have written a Fortran-90 code bif.f90 as follows.

The system (1) is integrated with the fifth order Runge-Kutta (RK) method
of [8]. The step size selection is based on local error estimation with tolerances
ATOL = RTOL = 10−8. Starting from x1(0) = x2(0) = x3(0) = 0, we integrate
the system until tend = 500, but the local maxima of x1(t) are detected in the
interval from ttrans = 300 until tend. The crucial part of the algorithm is the
computation of the event points t∗ with x′

1(t
∗) = 0. For this we exploit the fourth

order continuous extension of the RK method [9] given as the polynomial x1(tm+
θh) = pm(θ) ≡ x1(tm) + h

∑s

i=1
bi(θ)

1

ǫ
gi, where bi(θ) is the weight (polynomial)

of the RK formula for t = tm + hθ, gi denotes the value of g in (1) evaluated at
stage i and s = 7 is the number of stages. We find t∗ = tm + hθ by computing
the roots θ ∈ [0, 1] of the polynomial p′m(θ) using LAPACK’s general eigenvalue
solver dgeev and then checking if p′′m(θ) < 0 holds true. The use of eigenvalue
solvers for event location in initial-value problems is discussed in details in [7].
Let T ∗ denotes the set of all t∗ found by this procedure. Finally, to determine Ls,
we cluster the points X∗ = {x(t) : t ∈ T ∗} using their Euclidean distance as the
separation criterion. For this we consider the x(t∗1) and x(t∗2) as lying on the same
trajectory, if ‖x(t∗1) − x(t∗2)‖2 < d. In all our computation we used the threshold
d = 10−4.

To comment on computing times, let’s consider the calculation of a single
solution of (1) for t ∈ [0, 500]. We choose parameters a = 0.0005, b = 0.017,
K = 0.3, α = 1, β = −1 and ǫ = 0.01 corresponding to a 37-type MMO. The time
integration needs 50, 653 steps for which the running time is about 0.6 seconds
on an PC (Intel Pentium processor with 2.4 GHz running under Linux). Doing
the same calculation to the same accuracy in Matlab it takes about 23 seconds
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on the same computer. Since we had to repeat such computations with different
parameter values millions of times, we also used an IBM575 computing server. A
single core of this machine (Power-6, clocked 4.7 GHz) needs about 0.3 seconds for
one run. We used up to 30 cores simultaneously, leading to an effective speed-up
of more than 2000 times compared with Matlab. The figures have been created
directly from the output of bif.f90 using Python with the Matplotlib toolbox. We
used 104 parameter values to plot each of the bifurcation diagrams (Figs.2(b) and
9) and 103 × 103 grid points to plot Arnold’s tongues (Figs.3,5,6,8,10(a),(b),12).

3 Synchronization of oscillators: Arnold’s tongues

The linear part of each of the dual circuits (with a small biasing voltage (or current)
source with value a) serves as a driving circuit. For the given values of α, β and K,
the two other parameters, namely a and b, play a pivotal role in determining the
frequency and amplitude of the periodic signal generated in the linear part. It has
been shown that for K = 0 (full strength coupling) and fixed α and β the circuits
will be in the MMOs mode (either periodic, quasi-periodic or chaotic) if [2]

4bα3/(27β2)− 1/(8α) < a < bα3/(18β2). (2)

The period of small amplitude oscillations in the sequence Ls has also been es-
timated in [2] as T = 2π/

√
ǫ−1 − b, and since, typically, b ∼ O(ǫ), therefore

T ≈ 2π
√
ǫ. Fig.2(a) shows typical Ls periodic MMOs. Fig.2(b) on the other hand,

shows that periodic MMOs Ls (for various pairs of integers L and s) occur only
if the slowly varying parameter b is within certain intervals. These intervals are
separated by other intervals of different nature where either the quasi-periodic,
period doubling (or halving), or chaotic responses occur. The lengths and center
points of the intervals of parameter b with purely periodic responses Ls change
with parameter K. The parameter K represents the strength of coupling between
the linear and nonlinear sections of each circuit, therefore the location and length
of the intervals of b with purely periodic Ls oscillations is a function of K. Plotting
such intervals of b against K yields the famous Arnold’s tongues [10], [11]. Fig.3
shows several Arnold’s tongues for the dual circuits obtained for 0 ≤ K ≤ 4 while
the rest of parameters is the same as in Fig.2(b). In graphing all the tongues 1k

in Fig.3 we combined together both the coprime and noncoprime pairs of L and
s. For example, the light blue color (online) was used to graph the tongues 15,
210, 315 and 420, while the dark blue color (online) was used for the tongues 17,
214, 321 and 428. The maximum L value used in plotting Fig.3 was 4. Note that
the pairs of L and s values within each Ls group (we call it the major tongue)
reduce to the same L/s ratio (also called the winding number). Fig.4 shows two
major tongues 16 and 17 extracted from Fig.3 with separated coprime and nonco-
prime tongues within each major tongue. The maximum L value used in plotting
Fig.4 was 6. Fig.3 can further be filled up with other major tongues with L > 1.
This is illustrated in Fig.5 which shows all the major tongues 1k (k = 1, . . . , 9),
2l (l = 1, 3, 5, . . . , 17) and 3m (m = 1, 2, 4, 5, . . . , 26). Within any of the major
tongues 2l and 3m there exist some tongues with noncoprime pairs of L and s, in
the same way as it was described above for the major tongues 15 and 17. Fig.6
shows the detailed tongues Ls with both coprime and noncoprime integers L and s
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Fig. 3 Numerically obtained Arnold’s tongues 1k , k = 1, . . . , 9.

within the rectangular box marked in Fig.5. Further addition of the tongues with
larger L and s values is also possible.

An interesting picture can be drawn from the analysis of the major tongues
occurring when b changes slowly (up to approximately the value of 0.03). Namely,
the major tongues Ls with coprime L and s can schematically be represented for
the first 4 layers (that is with L = 1, . . . , 4) as follows

L = 1 : 10, 11, 12, 13, 14, 15, 16, 17, 18, 19

L = 2 : 21, 23, 25, 27, 29, 211, 213, 215, 217

L = 3 : 31, 32, 34, 35, 37, 38, 310, 311, 313, 314, 316, 317, 319, 320, 322, 323, 325, 326

L = 4 : 41, 43, 45, 47, 49, 411, 413, 415, 417, 419, 421, 423, 425, 427, 429, 431, 433, 435

. . . . . .
(3)

If we use L/(L+ s) (called the firing number) rather L/s, then all the major
tongues above can be graphically represented by the well-known Stern-Brocot tree
of coprime integers L and s yielding the firing number between 0 and 1 [12]. Such
pairs of coprime integers follow Farey arithmetic: if Ls1

1 and Ls2

2 are two parent

tongues, then their daughter tongue is (L1 + L2)
s1+s2 . For example, the daughter

tongue 23 has 11 and 12 as her parent tongues, while the 11 and 23 are the parent

tongues for the 34 daughter tongue. Furthermore, the 11 and 34 tongues are the
parents of 45, etc. (see Fig.6). Interesting graphs of different versions of the Stern-
Brocot tree with descriptions of their origins and properties (e.g. relation to the
Fibonacci sequence) can be found in [13].
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Fig. 4 Arnold’s tongues 16 and 17 with their coprime and noncoprime components.

Fig. 5 Major tongues 1k (k = 1, . . . , 9), 2l (l = 1, 3, 5, . . . , 17) and 3m (m = 1, 2, 4, 5, . . . , 26).
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Fig. 6 Detailed tongues Ls within the rectangular box in Fig.5. The white strips contain
other higher-order tongues with relatively narrow widths.

If b > 0.03 in Fig.2(b), then the sequence of chaotic and period oscillations is
rather peculiar and does not follow the pattern of sequences for b < 0.03. To the
right of the interval of periodic oscillations 19 one can find the following sequence of
periodic oscillations 110, 02, 01, 111 and 01 with the corresponding sequence of the
firing numbers (including the 19 sequence): 1/10,1/11,0, 0, 1/12, 0. This sequence
is not nonincreasing as it would normally be, should the Ls sequence follow Farey
arithmetic, as, for example, shown in Fig.6. Fig.7 shows the devil’s-like staircase
of the L/(L + s) values versus b obtained from Fig.5 at the K = 0.3 level. The
nonmonotonic nature of such a staircase is clearly seen from both graphs shown in
Fig.7. This phenomenon, rather unexpected, indicates that while, in general, the
circuits obey the rules of Farey arithmetic, there are also intervals of b (of rather
short width) where such rules are not obeyed by (1).

4 Bifurcation with other parameters and the role of dissipation

4.1 Parameters a, α and β

Bifurcation diagrams and Arnold’s tongues similar to those presented in the pre-
vious section with varying parameter b also exist when parameters a, α or β are
varied. The parameter a controls the periodic signal coming out of the linear sec-
tion in the circuits (just like the parameter b does), therefore the nature of the
bifurcation process for parameter a is very similar to that of parameter b with
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Fig. 7 The L/(L + s) staircase for a = 0.0005, α = 1, β = −1, ǫ = 0.01 and K = 0.3.

Fig. 8 Major Arnold’s tongues with varying parameter a.

the 10 and 01 MMOs interchanged. Fig.8 shows three layers of the major Arnold’s
tongues Ls with L = 1, 2, 3 when a varies slowly.
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When parameters α or β are varied we obtain slightly different bifurcation di-
agrams and their Arnold’s tongues. These two parameters shape out the nonlinear
section of each circuit. Two bifurcation diagrams for α and β and their correspond-
ing Arnold’s tongues are shown in Figs.9 and 10, respectively. They extend to the
right, while the most important portion of the figures (with the largest intervals of
synchronization of type L1) is between the 10 and 11 MMOs. The synchronization
intervals to the right of 11 are much narrower than those on the left side of 11.

Finally, an example of Arnold’s tongues with both parameters a and b varying
is shown in Fig.11. This figure is consistent with the 1s diagram, that is Fig.11
in [2], and with the conjecture on the lengths of the sectors of rotation for secondary
canards, i.e. solutions with small oscillations in [1].

4.2 Dissipation

Dynamical behavior of the dual circuits considered in this paper shows a striking
similarity with other systems considered in the literature, in particular in various
oscillators synchronized by an external periodic force. Such examples include the
well-known Duffing oscillator with dissipation, the forced damped pendulum, the
Wien bridge connected to an electrochemical cell and others [14–16]. In a rela-
tively simple general case, such oscillators with external sinusoidal forcing can be
described by the following equation

x′′ +Rd(x)x
′ + dV (x)/dx = p(t) (4)

where Rd(x) is the dissipation and p(t) is an external periodic sinusoidal force with
certain amplitude and frequency. The V (x) denotes the potential function of the
system. External non-sinusoidal periodic forces are also possible (see e.g. [17]).

Our circuits are more complicated than the systems described by (4). It can
be shown that the variable x1(t) in (1) satisfies equation analogous to (4) with
p(t) = ǫ−1x3(t), as follows

x′′
1 + (K − ǫ−1(2αx1 + 3βx2

1))x
′
1 + ǫ−1(x1 −K(αx2

1 + βx3
1)) = ǫ−1x3(t) (5)

(a) (b)

Fig. 9 Bifurcation diagrams for K = 0.3 and varying parameter α (a) and β (b).
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(a) (b)

Fig. 10 Arnold’s tongues for K = 0.3 and parameter α (a) and β (b).

Fig. 11 Arnold’s tongues with varying parameters a and b for K = 0.3.

which is coupled with the following first-order equation

x′
3 − bǫx′

1 = a− b(αx2
1 + βx3

1) (6)

from which we obtain1 Rd(x1) = K−ǫ−1(2αx1+3βx2
1) and dV (x)/dx = ǫ−1(x1−

K(αx2
1 + βx3

1)). For fixed ǫ, α and β the coefficient Rd(x1) varies with x1 and K.

1 Alternatively, one can consider the second-order equation x′′
3
+ Kx′

3
− bx3 = Ka − x1

coupled with (6).
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(a) (b)

Fig. 12 (a) Peak-to-peak and (b) return-time plots. Color red (online): a = 0.0005, b = 0.01,
α = 0.93, K = 0.3; blue: a = 0.0005, b = 0.01, α = 0.942, K = 0; green: a = 0.0005, b = 0.0256,
α = 1, K = 0.3; magenta: a = 0.00024, b = 0.01, α = 1, K = 0. For all plots β = −1 and
ǫ = 0.01

Typically, Rd(x1) changes sign in time. In general, increasingK increases damping
Rd(x1) and therefore reduces synchronization of the linear and nonlinear sections
of the oscillators. The tongues become narrower as it can be clearly seen from
Figs.3-6. Another way of increasing damping is to add an additional resistor, say
Rdis, in series with the inductor L1 in the circuit on the left side in Fig.1, or,
equivalently, an additional conductance Gdis parallel to the capacitor C1 in the
circuit on the right side in Fig.1. Assuming that Kdis = Gdis (or Kdis = Rdis),
such an addition is, in fact, equivalent to having the Vnonl (or equivalently Inonl)
in the form Kdisx1 + αx2

1 + βx3
1. For fixed α and β increasing Kdis reduces the

amplitudes of small oscillations and also the widths of Arnold’s tongues.

4.3 Peak-to-peak and return-time plots

Two very important plots can be drawn for our circuits operating in chaotic cases:
the peak-to-peak and return-time plots. These two plots can be used to find a
reduced order model (or peak-to-peak map) for a chaotic system, which, in turn,
allows solving important problems of optimal control of the chaotic system under
consideration. For a chaotic attractor with variable x(t) and the peak values xn

occurring at time instants tn (n = 1, 2, . . .) we draw the points (xn, xn+1) for
the peak-to-peak plot and the points (xn, ∆tn), ∆tn ≡ tn+1 − tn, for the return-
time plot. Such plots comprise a finite number of distinct points for a purely
periodic x(t), while for a chaotic x(t) the distinct points may align along a curve.
Also, a quasiperiodic dynamics results in a closed curve. The peak-to-peak and
return-time plots have been successfully obtained for the Lorentz, Chua, Rössler,
Duffing, Newton-Leipnik and other oscillators [18]. Fig.12 shows four examples of
each of the two plots for (1). Selecting different set of parameters for the circuits
working in a chaotic regime results in different plots. Table 1 shows the Lyapunov
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Table 1 The Lyapunov exponents and Kaplan-Yorke fractal dimensions DKY and DΣ for the
chaotic attractors in Fig.12. The attractors are labeled by their colors (online) used in Fig.12.

Attractor λ1, λ2, λ3 DKY DΣ

Red 3.7904,−0.0019,−8.1658 2.4639 2.5855
Blue 3.7554,−0.0019,−8.2038 2.4575 2.5796
Green 1.8093,−0.0001,−6.0506 2.2990 2.4209

Magenta 3.7271,−0.0001,−7.3562 2.5066 2.6240

exponents λi (i = 1, 2, 3) corresponding to the four chaotic attractors’ plots in
Fig.12. The attractors’ Kaplan-Yorke fractal dimensionsDKY andDΣ [19] are also
included. For a three variable nonlinear dynamical system with a strange attractor
the Kaplan-Yorke dimension is found by numerically calculating the Lyapunov

exponents λi, i = 1, 2, 3, and substituting them in the formula DKY = k+
Σk

i=1
λi

|λk+1|

with k obtained from the following conditions: Σk
i=1λi > 0 and Σk+1

i=1 λi < 0. The
Lyapunov exponents are also used to calculate the modified Kaplan-Yorke fractal
dimension, DΣ, which, for a three variable chaotic flow with a strange attractor,

equals DΣ = 1.5 + 0.5
√

1− 8λ1

λ3
with DΣ ≥ DKY for −1 ≤ λ1/λ3 ≤ 1. The

maximum difference DΣ −DKY is 1/8 and it occurs at λ1/λ3 = −3/8. The last
column in Table 1 shows the values of DΣ for the four chaotic strange attractors.

5 Conclusion

The computational results presented in this paper show striking similarities of the
dynamical bifurcation properties of the two dual circuits with many oscillating
systems in chemistry, biology, engineering and human organs (heart and brain).
The periodic Ls MMOs result from the synchronization of the nonlinear and linear
sections of the circuits. In practice, a synchronization is a desired outcome of using
implanted human heart pacemakers. The synchronization of large population of
neurons in human brain, may, on the other hand, cause epileptic seizures. The syn-
chronized periods of various Ls MMOs with intermediate intervals of quasiperiodic
and/or chaotic responses are typical features of epileptic seizures (see Figs.17.11
and 17.14 in [6]). Also typical features in such studies are Arnold’s tongues and
devil’s staircases (Figs.7.11,8.1-8.3 in [6]). Further areas where the synchronization
(entrainment) phenomena occur are the secure telecommunication transmission,
electrochemical oscillators, human cardiorespiratory systems and others [20].

Acknowledgements The second author thanks the Alexander von Humboldt-Stiftung for a
financial support during his research stay at Martin-Luther-Universität Halle-Wittenberg in
Germany.
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A The code bif.f90

The code bif.f90 has been written in Fortran-90 and it can be requested from the first
author. Since bif.f90 depends on the eivenvalue solver dgeev it has to be linked to LAPACK.
To compile bif.f90 under Linux use

gfortran -fopenmp -O4 -o bif bif.f90 -llapack

where the optional flag -fopenmp is used to enable parallelization.
The code bif.f90 parses the command line arguments. If no arguments are given, it displays
the following help message:

./bif [logfile=<filename>] [<par>=left,right,npoints]
[writelast100] [tend=tend] [transient=transient] [plot]

The parameters (with their default values) are:

a (0.0005) , b (0.01), K (0.3) , alpha (1), beta (-1), epsilon (0.01).

Meaning of the flags:

* writelast100:

The last 100 values of x1max are also written

to the output loc.txt (for drawing bifurcation diagrams)

* plot : Viusualize. Applies only to fixed parameter (one-point) computations

The command line to compute and draw the solution of system (1) with parameter b = 0.017
is

./bif b=0.017 plot

yielding the output

# ./bif b=0.017

# BIF -- $Revision: 1.16 $
#

INTEGRATION

50653 + 2910 steps, 196 nloc, 0.59 s

CLUSTERS

There are 13 clusters, with trajectories as follows:
16 15 15 15 15 15 15 15 15 15 15 15 15

clusterdelta = 0.800E-03

clustereps = 0.183E-07

OUTPUT

data files ’sol.txt’ and ’loc.txt’ have been written.
RESULT

large small eps delta

3 10 .800E-03 .183E-07

If plotting is enabled, a Python script is executed after the computations have finished to plot
the solution in phase space and time as shown in Fig. 13.
bif.f90 supports calculations over ranges of parameter values. For this one has to prescribe
the left and right endpoints of the interval as well as the number of grid points. For example,
changing b from 0.017 to 0.02 yields the transition from a 310-type to a 419-type MMO. The
corresponding output of bif.f90 is:

# ./bif b=0.017,0.020,10
# BIF -- $Revision: 1.16 $

# par(2)

0.017000000 3 10 .800E-03 .183E-07

0.017333333 2 7 .110E-02 .291E-12

0.017666667 0 0 .100E-03 .709E-04
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# ./bif b=0.017 plot 

Fig. 13 These graphics are generated from the data in the files sol.txt and loc.txt when
using the command line ./bif b=0.017 plot

0.018000000 0 0 .102E-03 .000E+00

0.018333333 1 4 .352E-02 .249E-11

0.018666667 0 0 .121E-03 .371E-10

0.019000000 0 0 .108E-03 .417E-04
0.019333333 3 13 .403E-03 .576E-05

0.019666667 2 9 .774E-03 .267E-11

0.020000000 4 19 .339E-03 .304E-09

If the user provides ranges for more than one parameter, bif.f90 will automatically loop over
all possible combinations. For example, to change b and K simultaneously, one can use bif.f90
as follows:

# ./bif b=0.017,0.020,3 K=0.3,2,3

# BIF -- $Revision: 1.16 $

# par(2) par(3)

0.017000000 0.300000000 3 10 .800E-03 .183E-07
0.017000000 1.150000000 2 5 .132E-02 .353E-08

0.017000000 2.000000000 0 0 .104E-03 .483E-05

0.018500000 0.300000000 1 4 .299E-02 .159E-11

0.018500000 1.150000000 1 3 .417E-03 .249E-05

0.018500000 2.000000000 0 0 .101E-03 .277E-07
0.020000000 0.300000000 4 19 .339E-03 .304E-09

0.020000000 1.150000000 0 0 .101E-03 .000E+00

0.020000000 2.000000000 0 0 .117E-03 .137E-06
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