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Introduction 

A soliton interference rejection filter was recently proposed for the rejection of 
unwanted interference in communication applications [1]. This report discusses the 
computer simulation of such a filter in order to establish whether it would be feasible. 

When a sinusoidal signal is introduced into a repetitive, nonlinear lumped LC 
network, i.e., a nonlinear transmission line, it changes its waveform as it progresses down 
the nonlinear transmission line. After some propagation distance called the "recurrence 
length," the sinusoidal waveform is restored, although not all of the energy is recovered 
in the fundamental frequency. This is known as the recurrence phenomenon. It can be 
explained by the existence in the nonlinear transmission line of stable nonlinear 
dispersive wave entities called "solitons," which have the following properties [2] [3]. 

1) A wave packet at any given position in the nonlinear LC network dissolves into 
multiple solitons. 

2) Each soliton travels at a velocity which is directly proportional to its amplitude. 

3) Solitons pass through each other without interacting, i.e., without losing their 
identities. 

4) The number of solitons produced is proportional to the amplitude of the input 
sine wave. 

The proposed rejection filter would make use of solitons which are linearly 
independent in a nonlinear transmission line. In other words, they wouldn't mix. The 
amplitude dependent velocity of the solitons would separate strong interference signals 
from weak desired signals. If this doesn't work, it was suggested that the soliton 
phenomenon could be used to change the harmonic content of an interfering signal in 
order to reduce the amplitude of its fundamental compared to the fundamental of a 
desired signal. 

The feasibility of the soliton interference rejection filter was investigated by 
computer simulation on a Sparc workstation by using an EEsof software called Libra. 
The simulations used a harmonic balance algorithm. In order to proceed with the 
feasibility study, however, it was necessary to establish the ability of Libra to re-create 
experimental results which have been discussed in the literature. The experiments 
conducted by Fukushima (reference [3]) were found to be the most useful guideline for 
this purpose. The nonlinear transmission line described in reference [3] was modeled on 
Libra, and the experimental results which the authors obtained were re-created. 

Once the reliability of Libra was established, two sinusoidal signals were fed into 
the computer model to test the ability of a nonlinear transmission line to filter out 
unwanted signals, as proposed. 



Computer Simulation of Experimental Results Obtained by Fukushima 

The nonlinear transmission line studied by Fukushima consisted of many sections. 
Each section consisted of a capacitor and inductor in parallel and a variable (nonlinear) 
capacitor, as shown in Figure 1. The values given by Fukushima for the inductor and 
capacitor were Lx = 31 ± 2 uH and C, = 38 ± 6 pF, respectively. The variable capacitor 
which he used was voltage dependent and consisted of 2 diodes (Hitachi 1SV68) in 
parallel. At 6 volts, the variable capacitor had a capacitance of C(6) = 40 ± 4 pF, and at 
10 volts it had a capacitance of C(10) = 26 ± 3 pF. The equation which describes the 
behavior of a variable capacitor was given by D. Jager [4] as 

C(V)^C0(l-hV) (1) 

where C0 and S are constants. However, this can simplified into the equation form used 
by Libra, namely 

C(V)=C0-KV, (2) 

where C0 and Kare constants, and K = @)(Co). Fukushima's values for Fand C(V) were 
used to solve for the constants, yielding C0 = 61 and K = 3.5. Thus, the behavior of the 
variable capacitor was described by C(V) = 61 - 3.5K 

Fukushima inserted a 1.429 MHz sinusoidal signal into various numbers of 
cascaded sections in order to find the recurrence length. This was modeled on Libra with 
a 50 Q load resistor as illustrated in Figure 2. All measurements of the simulated output 
signal were measured across the load resistor. A 50 Q signal source was represented as 
an AC voltage source cascaded with a 50 Q resistor. The nonlinear network was purely 
reactive, i.e., it was reasonably assumed that it had negligible resistive losses. Thus, half 
of the voltage drop was across the source resistor and half across the load resistor. 

The amplitude of Fukushima's input signal was 4 V. This was represented on 
Libra by providing an 8 volt signal and removing the nonlinear network, so that a 4 volt 
signal was fed directly into the load resistor, as illustrated in Figure 3. Using this 
configuration, the measurement of the input signal was simulated, as illustrated in Figure 
4. Its Fourier transform is illustrated in Figure 5. 

Fukushima illustrated the output wave forms resulting from using 13, 26, 39 and 
52 LC cascaded sections, respectively. He used n to designate the number of sections. 
These experimental results are repeated here in Figures 6 through 9, where they are 
shown beside results which were simulated on Libra. Also shown in these figures are the 
Fourier transforms of the simulated waveforms. The computer simulations confirmed all 
the experimental results except when 26 sections were used. This one discrepancy can be 



understood by the fact that in the real network constructed in the laboratory the 
components varied in value within some tolerances. Thus, the behavior of an ideal 
computer model will differ slightly from the real nonlinear network. Both Fukushima's 
experimental results and the simulated results agree that the recurrence length is 52 
sections for a frequency of 1.429 MHz. 

Fukushima defined the recurrence length nR as the position along the nonlinear 
transmission line where the waveform best coincided with the input waveform. This 
definition indicates that he observed some distortion in the output sinusoidal signal when 
there was recurrence. Indeed, he superimposed the output signal at recurrence on top of 
the input signal (with the output signal normalized to the input signal) in order to show 
the distortion in the waveform, as is repeated here in Figure 10. In Figure 9, the Libra 
simulation for 52 sections shows that even at recurrence there was significant power in 
the higher harmonics, especially at the second harmonic. Thus, in the circuit simulations, 
the level of the second harmonic was used to distinguish between a very nearly 
sinusoidal output (recurrence) and a clearly nonsinusoidal output. The exact boundary 
was fuzzy. When the power of the second harmonic was less than about -16.0 dBc 
(compared with the fundamental) there was an apparent recurrence. 

Table 1 indicates the bandwidth of recurrence for n = 52 sections. It also shows 
the power of the second harmonic both in units of dBm and dBc. The second to last 
column indicates the number of harmonics that were used in the harmonic balance 
simulation. The sinusoidal waveform recurred from 1.411 MHz to 1.432. This gave a 
recurrence bandwidth of 1.5%. 

Fukushima calculated and experimentally determined the frequency dependence 
of the recurrence length for a 5 volt signal and a 9 volt signal. His theoretical and 
experimental results practically coincided. The experimental data are represented by 
open circles in Figures 11 and 12. Using his plots, the data points were tabulated as 
shown in Table 2. This frequency dependence was simulated on Libra. As shown in 
Figure 11 and Table 3, the experimentally determined trends were re-created in the 
simulations for a 5 volt input signal. The simulations for a 9 volt input signal were 
extremely time consuming and memory intensive due to the significantly larger 
nonlinearity of a signal of this amplitude propagating down the nonlinear transmission 
line. Thus, there was only sufficient time to confirm the first data point of Fukushima. 
(See Table 3 and Figure 12.) However, the general recurrence length trends observed 
and calculated by Fukushima were re-created in the simulations. Other recurrence 
lengths at other frequencies were also found in the simulations. 

Clearly, the computer simulations of the experiments conducted by Fukushima 
yielded results which are in close agreement to his empirical results. Thus, the reliability 
of Libra to predict the behavior of a nonlinear transmission line has been established. 



Simulation of Recurrence Power Range 

The power range at which there is recurrence for 52 sections was simulated. The 
frequency of the input signal was 1.417 MHz. The input power was increased from 1 
microwatt until the sine wave no longer recurred. It was found that there was recurrence 
for less than 0.3 watts. The results of these simulations are summarized in Table 4. 

Inserting 2 Signals into the Nonlinear Transmission Line: 
Investigation of Inter-Modulation Interference 

In order to investigate the ability of a nonlinear transmission line to filter out 
unwanted interference, it was necessary to simulate the insertion of two sinusoidal 
signals into the computer model. The weaker signal would represent the desired signal 
and the stronger signal would represent the interference at a particular frequency. Keep 
in mind that this greatly simplifies the problem, since the interference in a real 
communication system is often wideband noise. The frequencies chosen, 1.415 MHz and 
1.423 MHz, were taken from the recurrence bandwidth of a nonlinear transmission line 
with 52 sections. The 1.415 MHz signal had a power of 1 mW and represented the 
desired signal. The 1.423 MHz signal was given a power level of 10 mW and represented 
interference. 

A nonlinear element or network tends to mix the incoming signals. In a repetitive 
nonlinear network, as in this study, mixing products may themselves mix with each other 
as the signals propagate down the network. This intermixing of mixing products is called 
"inter-modulation interference." In order to test for this phenomenon, it was necessary to 
calculate the frequencies that would be produced by such mixing. This is shown in Table 
5. Table 5 also shows the expected mixing products that would occur without inter- 
modulation interference. 

The input signals were first measured by removing the nonlinear transmission line 
and feeding the signals directly into the load resistor, as illustrated in Figure 13. The 
Fourier transform of this simulation is shown in Figure 14. All of the unwanted 
harmonics are shown at -270 dBm, the lower numerical limit of the software. In other 
words, this is how Libra shows that these harmonics don't exist in a linear element or 
system, such as a load resistor. Thus, as the signal propagates in the nonlinear 
transmission line, these harmonics must be significantly larger to be considered to exist. 

The schematic for inserting the two signals into the nonlinear transmission line is 
illustrated in Figure 15. The number of sections was varied from 1 to 100. The Fourier 
transforms of these are illustrated in Figures 16 to 23. Inter-modulation interference was 
indeed observed in these figures. The power ratio of the two output signals is indicated in 
Table 6 for different numbers of sections. The table also lists the power levels of two of 
the intermixing products. Notice that the undesired signal at 1.423 MHz was always a 
few dB higher than the desired signal (at 1.415 MHz). 



As the number of sections increases, the network becomes more nonlinear. This 
requires a higher number of harmonics to be used in the harmonic balance algorithm of 
the software in order to retain a reasonable level of accuracy. (However, increasing the 
number of harmonics also increases the memory space required by the computer to do the 
calculations. For large nonlinear networks, the required memory space can easily exceed 
the available memory, so there is a trade-off.) For example, notice in Table 6 that for 
n = 100 the power levels are different for different numbers of harmonics. However, 
even as the number of harmonics is increased to obtain a more reliable simulation, the 
interference signal is still higher in power than the desired signal. 

Discussion: Comparison of Soliton Theory, the Proposal of a Soliton Filter and the 
Simulated Results 

The recurrence phenomenon in nonlinear networks and the properties of solitons 
have been discussed in the literature. The recurrence phenomenon had been predicted 
theoretically and confirmed experimentally by Fukushima. Simulations using Libra 
decisively re-created the experimental results obtained by Fukushima. Thus, the 
reliability of Libra to predict the behavior of signals in a nonlinear transmission line has 
been conclusively established. 

The proposal for a soliton interference rejection filter relies on the creation of 
solitons which are linearly independent in a nonlinear medium. The amplitude dependent 
velocity of the solitons would cause the solitons from an interference signal to be 
separated in time from the solitons of the desired signal. Each of the two signals would 
recur at different recurrence lengths. In other words, the solitons of each signal would 
catch up with each other to re-create the original sine wave at a specific location along the 
nonlinear transmission line. Thus, through a time gating scheme, the undesired signal 
would be tapped off at its recurrence length and conducted to ground, leaving only the 
desired signal. There are several problems with this idea. 

One problem is that the recurrence phenomenon is frequency dependent. It is 
necessary to know a priori the frequencies of the interference signals in order to filter 
them out, assuming there is a clear separation in time of the desired and undesired 
solitons. This gets extremely complicated for more than two input signals. In addition, 
the simulations showed no clear time separation in solitons. 

Another problem is the amplitude dependence of the recurrence phenomenon, as 
has been demonstrated experimentally by Fukushima and simulated on Libra (Figures 11 
and 12 and Table 4). This amplitude dependence creates the requirement of knowing a 
priori the amplitudes of the multiple signals received by an antenna in a communication 
system. However, it is impossible to predict the signal amplitudes. The power of the 
transmitting station is usually unknown. The power of the received signal depends on the 
distance of the transmitting station from the receiver, and this is often unknown, 
especially if the transmitting and receiving stations are moving. Also, the power of 



signals change in time drastically due to unpredictable environmental factors. Those 
environmental factors are particularly unpredictable in a combat situation. 

The simulations involving two signals demonstrated that multiple signals do not 
become linearly independent solitons. The signals mix. Thus, there is no linear 
superposition of multiple signals in a nonlinear system. 

In addition to ordinary mixing, the computer simulations demonstrated the 
existence of inter-modulation interference for two signals propagating down a large 
nonlinear network. The increased mixing products complicates the task of filtering, 
especially with numerous input signals. 

When two or more signals propagate down the nonlinear network, there is no 
significant change in the difference between the amplitudes of the desired and undesired 
signals. The signal that is higher in amplitude remains higher in amplitude. The energy 
of the fundamentals of both the desired and undesired signals is transferred to higher 
harmonics. Thus, the nonlinear transmission line does not filter out the undesired signal 
by transferring exclusively its energy to higher harmonics. There is a gradual change in 
the relative amplitudes of the fundamentals of the two signals. However, these changes 
occur extremely slowly as the number of sections increases. If there is a number of 
sections that can eventually significantly change the relative amplitudes of the two 
fundamentals, that number of sections would be much too huge to be practical. 

The results of the simulations indicate that a soliton interference rejection filter 
would not be a practical way of filtering out unwanted noise. 
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Figure 1: One section of the nonlinear transmission line. 
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Figure 2: Simulated test setup for inserting one sinusoidal signal into the nonlinear 
transmission line. The nonlinear transmission line may consist of numerous 
cascaded LC sections. The root mean square output voltage Vrms and the average 
power output Pav was measured across the load resistor RL. 
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Figure 3: Computer model with which the time domain and Fourier transform of 
the input signal was simulated. 
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Figure 6: Output signal waveform for n = 13 sections. At top left is the experimental 
result obtained by Fukushima. The oscilloscope settings were 2 volts/division for the 
ordinate and 0.2 jisec/division for the abscissa. At top right is the waveform 
simulated on Libra. At bottom is the Fourier transform of the Libra simulation. 
The values of the markers are in dBm. 
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simulated on Libra. At bottom is the Fourier transform of the Libra simulation. 
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Figure 10: Fukushima's output signal at recurrence superimposed on the input 
signal. The recurrence length was nR = 52. The output signal was normalized to the 
input signal. 
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Figure 13: Schematic for simulation of measuring two input sinusoidal signals. 
The two signals were inserted simultaneously into the load resistor RL = 50 Q. 
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Frequency = 1.423 MHz 
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Nonlinear 
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Figure 15: Schematic for inserting two input sinusoidal signals into a nonlinear 
transmission line. The load resistor was RL = 50 Q. 

21 



20.0 

0. 0 

-20.0 

-40.0 

-60.0 

-80.0 

fl   -100.0 

n -120.0 

"°    -14-0.0^ 

-160.0   ■ 

-180.0   - 

-200.0   ■ 

1 
\ 

1 
!> 1 

i 

1 

1 

2 i 

) 

Harmonic   Frequency    1.0   MHz/DIV 

_freq1   =   1.415   MHz                                    _freq2   =   1.423   MHz 
Number   of   Sections:    1         Number   of   Harmonics:    4 
M1   Harmonic   Frequency=0.00800000   vaIue=-148.427394 
M2   Harmonic   Frequency=0.01600000   vaIue=-270.000000 
M3   Harmonic   Frequency=1.40700000   vaIue=-182.215403 
M4   Harmonic   Frequency=1 . 41500000   vaIue=-15.9048980 
M5   Harmonic   F requency«=1 . 42300000   vaIue=-5.95440814 
M6   Harmonic   Freauencv=1.43100000   va1ue=-172.027169 

Figure 16: Simulation of output mixing products resulting from feeding two 
sinusoidal signals into a nonlinear network with 1 LC section. 

22 



a n 
■o 

20. 

0. 

-20. 

-40. 

-60. 

-80. 

-100. 

-120. 

-140. 

-160. 

-180. 

-200. 

-220. 

-240. 

-260. 

-280. 

-300. 

0    T 
kl6 

0  ■ Kg? 
0 • 

1 
0 • 1 
Ü   ■ MP 

^ 
1  ( i 1 

0 » J 
i 

0  < 

0  • 

2r  
0 \ i  

0  • 

0  • 

0 

0  • 

0  ■ 

u -1 0.0 
6 .0 

Harmonic   Frequency    1.0   MHz/DIV 

_f reql 
N umb e r 

-   1.415   MHz 
of   Sect i ons:    13 

M1 
M2 
M3 
M4 
M5 
M6 

Harmonic Frequency^.00800000 
Harmonic Frequency-0.01600000 
Harmonic Frequency-1.40700000 
Harmonic Frequency=1.41500000 
Harmonic Frequency-1.42300000 
Harmonic   Frequency=1.43100000 

_freq2  -   1.423  MHz 
Number   of   Harmonics:   4 

value—96.2570081 
value—174.085970 
vaIue=-87.5398538 
value—22.0879830 
value—11 .8716654 
value—75.7948826 
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Figure 18: Simulation of output mixing products resulting from feeding two 
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Figure 19: Simulation of output mixing products resulting from feeding two 
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Figure 20: Simulation of output mixing products resulting from feeding two 
sinusoidal signals into a nonlinear network with 60 LC sections. 
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Figure 21: Simulation of output mixing products resulting from feeding two 
sinusoidal signals into a nonlinear network with 70 LC sections. 
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Figure 22: Simulation of output mixing products resulting from feeding two 
sinusoidal signals into a nonlinear network with 80 LC sections. 

28 



10.0 -i 
M6 

0.0 • 

-10.0 ( > 
-20.0 M 

Ö 1 

1 

-30.0 
M 5 1 

g-40.0. 

£9 ^ -SO.Oi, 1 -60.0  ■ 

-70.0  ■ 

__  — 
-80.0  ■ 1 

-90.0  ■ 

-100.0  • 8.0 

Harmonic Frequency 2.0 MHz/DIV 

_freq1 =1.415 MHz 
Number of Sections: 100 
M1 
M2 
M3 
M4 
M5 
M6 
M7 

Ha rmoni c 
Ha rmon i c 
Ha rmon i c 
Ha rmon i c 
Ha rmon i c 
Ha rmon i c 
Ha rmon i c 

F requency=0 
Frequency«=0 
F requency-1 
Frequency=1 
Frequency=1 
Frequency-1 
F requency=1 

Jreq2 = 1.423 MHz 
Number of Harmonics 

.00800000 

.01600000 

.39900000 

.40700000 

.41500000 

.42300000 

.43100000 

va I ue=-56 
va I ue«=-57 
va I ue™-38 
va I ue*=-27 
va lue=-12 
value-1.48 
va I ue=-9.2 

1512424 
4546187 
8550213 
3920124 
9937211 
863648 
3542089 

Figure 23: Simulation of output mixing products resulting from feeding two 
sinusoidal signals into a nonlinear network with 100 LC sections. 
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Table 1: Recurrence bandwidth for n = 52 LC sections. 

Note:   Number of harmonics used in the harmonic balance simulation is designated by 
NH. 

First Harmonic 
Test Frequency vs. Recurrence Length 

Second Harmonic 

Frequency, 
MHz 

Power, 
dBm 

Frequency, 
MHz 

Power, 
dBm 

Power, 
dBc 

NH Comments 

1.410 4.5 2.820 -11.4 -15.9 nonsinusoidal 
1.411 4.6 2.822 -11.7 -16.3 sinusoidal 
1.413 4.6 2.826 -12.2 -16.8 sinusoidal 
1.414 4.7 2.828 -12.4 -17.1 sinusoidal 
1.416 4.7 2.832 -12.8 -17.5 sinusoidal 
1.417 4.8 2.834 -13.0 -17.8 sinusoidal 
1.418 4.8 2.836 -13.1 -17.9 sinusoidal 
1.419 4.8 2.838 -13.3 -18.1 sinusoidal 
1.420 4.9 2.840 -13.4 -18.3 sinusoidal 
1.421 4.9 2.842 -13.5 -18.4 sinusoidal 
1.422 4.9 2.844 -13.5 -18.4 sinusoidal 
1.423 5.0 2.846 -13.5 -18.5 sinusoidal 
1.424 5.0 2.848 -13.5 -18.5 sinusoidal 
1.425 5.1 2.850 -13.4 -18.5 sinusoidal 
1.426 5.1 2.852 -13.2 -18.3 sinusoidal 
1.427 5.1 2.854 -13.0 -18.1 sinusoidal 
1.428 5.2 2.856 -12.7 -17.9 sinusoidal 
1.429 5.2 2.858 -12.3 -17.5 sinusoidal 
1.432 5.7 2.864 -11.3 -17.0 sinusoidal 
1.433 5.3 2.866 -9.3 -14.6 11 nonsinusoidal 

Bandwidth - BW = (1.432 - 1.411) MHz = 0.021 MHz 

Normalized to bandwidth center: 
0.021 MHz 

BW = 100=1.5% 
1.422 MHz 
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Table 2: Data taken from Fukushima's plots of frequency versus recurrence length. 

Key: 

nR = Number of LC sections (recurrence length) 
f = Recurrence frequency in MHz 
A = Input signal amplitude in volts 

nft f A 

31 1.53 5 
41 1.43 5 

49 1.36 5 

59 1.31 5 
71 1.25 5 
85 1.21 5 
26 1.53 9 
33 1.43 9 
41 1.38 9 

49 1.31 9 
59 1.26 9 
68 1.22 9 

78 1.19 9 
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Table 3: Simulated test frequency versus recurrence length. 

Key: 
nR = Recurrence length 
f] = Fundamental frequency 
Pj = Power of the fundamental 
f2 = Second harmonic 
P2 = Power of second harmonic 
NH = Number of harmonics used in simulation 

Amplitude «R fi Pi f2 P2 P2 NI 
(volts) (MHz) (dBm) (MHz) (dBm) (dBc) 
5 31 1.50 2.8 3.00 -22.3 -25.1 12 
5 31 1.51 1.9 3.02 -25.4 -27.3 12 
5 31 1.52 1.2 3.04 -22.6 -23.8 12 
5 31 1.53 0.7 3.06 -19.9 -20.6 12 
5 31 1.54 0.4 3.08 -16.0 -16.4 12 
5 41 1.41 3.4 2.82 -17.0 -20.4 12 
5 41 1.42 1.9 2.84 -23.9 -25.8 12 
5 41 1.43 1.1 2.86 -20.0 -21.1 12 
5 41 1.44 0.6 2.88 -16.3 -16.9 12 
5 49 1.35 6.3 2.70 -14.8 -21.1 12 
5 59 1.30 5.1 2.60 -16.1 -21.1 12 

59 1.31 5.9 2.62 -17.3 -19.9 12 
71 1.24 4.7 2.48 -14.5 -19.2 16 
85 1.18 5.1 2.36 -15.3 -20.4 16 
26 1.51 5.2 3.02 -11.3 -16.5 16 
26 1.52 5.3 3.04 -10.9 -16.2 16 

32 



Table 4: Recurrence power range. 

R, = RL = 50 ohms 
Input Power = Pav = V™s / RL 

Vrms = [PavRL] 
(See Figure 3 on the schematic for measuring the input signal.) 

These simulations were done with 11 harmonics. 

Input Input V 
rms             in 

vs Second Recurrence? 
Power, Power, = [PavRJ^ = 2[2]1/2Vrms 

Harmonic 
dBm W volt volt Power, dBc 
-30 lxl 0-6 7.07x10"3 0.02 -60.2 yes 
0 0.001 0.22 0.632 -30.7 yes 
22 0.158 2.81 8.00 -17.8 yes 
24.7 0.3 3.87 10.95 -9.5 no 

* To obta m the desire d Dower P,„ we need a voltage a implitude of T2" ,/2Vms. However, 
half the power is dissipated in Rj. In order to have Pav be dissipated in R,, it is necessary 
to double the voltage source. Thus, the voltage amplitude should be 2[2]   V^. 
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Table 5: Expected mixing products and mixing products of inter-modulation 
interference. 

Mixing products to look for: 

* 0.008 MHz =1.423-1.415 
1.407 MHz = 2.830- 1.423 

* 1.415 MHz 
* 1.423 MHz 

1.431 MHz = 2.846-1.415 
2.822 MHz = 2.830-0.008 

* 2.830 MHz = 2(1.415) 
* 2.838 MHz= 1.415+ 1.423 
* 2.846 MHz = 2(1.423) 

* Expected mixing products under normal mixing circumstances. 
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Table 6: Inter-modulation interference and difference in powers of desired and 
undesired fundamentals. 

Key: 

n = Number of sections 
Pa = Power at 1.407 MHz in dBm 
Pb = Power at 1.431 MHz in dBm 
PS1 = Power of signal 1 at 1.415 MHz in dBm 
PS2 = Power of signal 2 at 1.423 MHz in dBm 
PS2 - Psi is in dB. 

n        NH 
1 4 
13 4 
26 4 
52 4 
60 4 
70 4 
80 4 
100 4 
100 5 

SI rS2 rS2 " rSl 
■182.2 -172.0 -15.9 -6.0 +9.9 

■87.5 -75.8 -22.1 -11.9 +10.2 

■91.0 -85.9 -23.1 -13.3 +9.8 

■69.8 -48.8 -20.5 -9.1 +11.4 

■63.6 -41.8 -19.6 -7.2 +12.4 

28.7 -39.6 -12.6 -7.1 +5.5 

86.7 -79.7 -23.3 -13.7 +9.6 

45.9 -19.4 -23.6 +1.9 +25.5 

27.4 -9.2 -13.0 +1.5 +14.5 
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