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Abstract

Detailed solar Angular Momentum (AM) graphs produced from the Jet Propulsion Laboratory (JPL) DE405
ephemeris display cyclic perturbations that show a very strong correlation with prior solar activity
slowdowns. These same AM perturbations also occur simultaneously with known solar path changes about
the solar system barycentre (SSB). The AM perturbations can be measured and quantified allowing analysis
of past solar cycle modulations along with the 11,500 year solar proxy records (C14 & Bel0). The detailed
AM information also displays a recurring wave of modulation that aligns very closely with the observed
sunspot record since 1650. The AM perturbation and modulation is a direct product of the outer gas giants
(Uranus & Neptune), this information gives the opportunity to predict future grand minima along with
normal solar cycle strength with some confidence. A proposed a mechanical link between solar activity and
planetary influence via a discrepancy found in solar/planet AM along with current AM perturbations indicate
solar cycle 24 & 25 will be heavily reduced in sunspot activity resembling a similar pattern to solar cycles 5
& 6 during the Dalton Minimum (1790-1830).

Introduction

Solar system dynamics have been postulated as the main solar driver for many decades. Jose (1965) was the
first to associate a recurring solar system pattern of the 4 outer planets (179 years) that he suggested correlate
with the modulation of the solar cycle. New research in this study over 6000 years suggests the 179 year
cycle cannot be maintained and is closer to a 172 cycle which aligns with the synodic period of Uranus &
Neptune (171.44 years). Later Landscheidt (2003) progressed the planetary influence theories further by
associating quasi-cyclic negative torque readings or “zero crossings” (AM readings going below zero) that
can occur near grand minima. It has been found since that the negative readings occur in the general region
of most grand minima but such records are not a reliable method of predicting the timing and strength of
grand minima at the solar cycle level.

Other studies detailed the orbit path of the Sun around the SSB that showed a balanced trefoil pattern during
times of “normal” solar cycles. Charvatova (2000) shows this pattern or pathway as it moves to a disordered
state during times of solar slowdown and are a direct result of the Uranus/Neptune conjunction of the era.

Landscheidt's work has inspired both professional and citizen scientists. For example, Carl Smith (2007)
while researching Landscheidt's work produced an AM graph using the JPL ephemeris. This graph for the
first time showed the detailed perturbations of solar AM that also coincide with past solar slowdowns along
with the disordered solar path about the SSB. Carl Smith passed away in 2009 and to our knowledge was
probably not aware of the hidden detail that was contained in his work, the perturbed Angular Momentum
curve holding the clue.

The perturbed curves on the solar AM graph correspond with a solar torque perturbations which also alter the
normal balanced solar path around the SSB. The solar velocity is also perturbed on a 172 year cycle
(average) and a greater diversion between the orbital AM of the Sun and planets is observed. It is proposed
through a spin orbit coupling mechanism resulting in varying solar equatorial rotation rate, the solar dynamo
is reduced during these 172 year intervals.
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Figure 1. Detailed solar AM showing perturbations (AMP) at the green arrows. This graph is a modified example of Carl Smith's
original findings. The green arrows and solar grand minima have been added. Carl Smith's original graph is displayed HERE
Note: AM units of measure equate to gram-cm”2/sec

Discussion — Grand Minima

The AM perturbations shown in Figurel are the result of the extra AM from the Uranus/Neptune
conjunction. The timing in relation to the Jupiter/Saturn opposition provides the different perturbation shapes
that can be measured via the relevant planet angles and categorised into two groups. Perturbations occurring
on the down slope “Type A” and those on the up slope “Type B” (down slope = right hand side of peak).

Type B occurrences coincide with weaker solar slowdowns and are more common before 1000AD and the
Medieval Warm Period (MWP). See Figure 5.
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Almost all perturbations throughout the past 6000 years coincide with solar downturns which vary in
intensity.

During the past 750 years strong Type A perturbations are evident on the AM graph. Coinciding with the
strong Type A multiple appearances is one of the greatest sustained periods of grand minima of the Holocene
(Little Ice Age 1300-1870 approx). The Type A perturbations all have the same planetary configuration but
with slightly differing planet angles.

Figure 2. Typical planet positions demonstrating strong Type A&B perturbations. The Type A example taken from near
the centre of the Sporer Minimum (1472). Type B events coinciding with less reduction of solar activity compared with
Type A events of similar angle (reverse).



Type A perturbations have a positive Saturn angle, the higher the Saturn angle the higher the perturbation
height on the AM graph. Type B perturbations always display a negative Saturn angle. During each
conjunction of Uranus & Neptune, Jupiter & Saturn have multiple oppositions. Depending on the planet
positions of the era this can result in normally 3-4 Angular Momentum Perturbations (AMP) events for each
Uranus/Neptune conjunction. The midpoint of these AMP groups displays a 172 year average spacing. The
Sporer Minimum (1400-1600 approx) has 2 strong AMP events, and 2 medium AMP events which coincide
with one of the longest and deepest grand minima of the Holocene.

Type A AMP events have a major impact on the inner loop trajectory of the Sun in its orbit around the SSB.
The Sun normally follows two distinct loops around the SSB with each loop lasting approximately ten years.
A shallow inner loop is evident when Jupiter & Saturn are in opposition and a much wider loop when Jupiter
& Saturn are in conjunction. During strong Type A AMP events the inner loop path is greatly extended
pushing the Sun out of its normal balanced trefoil pattern. The normal trefoil pattern returns the Sun to near
the SSB on the inner loop path. The AMP event shows the path greatly extended from the SSB. Type B AMP
events affect the outer loop in the Sun's path, which has the effect of reducing the distance travelled away
from the SSB. Accompanying the AMP events is usually a zero crossing (solar AM goes below zero) where
Saturn, Uranus & Neptune are in conjunction with Jupiter opposing. This places the Sun right on the SSB, or
indeed on the other side of the SSB. The zero crossings can occur either side of an AMP event.

Increased Angular
Momentum from N+U
radically changing the
path of the Sun

Figure 3. The path of the Sun showing the two distinct loops around the SSB (centre point). The extended inner loop beginning
around 2005 coinciding with a reasonably strong Type A event. Solar cycle 24 is predicted to be the first grand minimum cycle. The
sunspot records since 1650 suggest that 2 solar cycles can be affected by strong Type A events, there is speculation that the Hale
cycle is interrupted and follows a 22 year period. An animated movie of the path taken can be viewed at

http://www.landscheidt.info/images/sim.swf
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The Carbon 14 (14C) record for the Holocene is a reliable solar proxy record. Recent Beryllium 10 (10Be)
isotope records derived from ice cores by Steinhilber, Beer, Frolich (2009) confirm the accuracy of the 14C
record. During the 11,500 years of the Holocene a regular pattern of solar downturns can be observed which
vary in intensity. The 14C records used in this report are originally from the INTCAL9S8 (Stuiver et al.,
1998b) study and further extended by Usoskin, Solanki & Kovaltsov (2007). The 14C values are compared
with the AMP group centre values as well as each individual AMP event. The results show a strong
correlation with each individual AMP timing and strength. Each AMP group centre has the relevant planet
angles recorded including the orientation of Uranus/Neptune (which planet is leading)
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Figure 4. Comparison of 14C and 10Be isotope records. The purple line is a representation of the AMP group strength (individual
AMP events are summed to form group totals, details follow in later section) with each point representing the AMP centre. A full size

image can be viewed at http://www.landscheidt.info/images/solanki sharp.png the isotope plots are a graphical comparison of
Solanki et al(2004) & Steinhilber et a/ (2009)
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Figure 5. Graphical representation modified from the Usoskin et al. (2007) solar proxy report . Usoskin determining grand minima
occur under 15SSN (derived SSN figures) which isolates Dalton Minimum type events. By raising the bar (green line) the repeating
pattern of grand minima is observed. The middle AMP event per group shown, the total of the AMP group determining the overall
solar downturn of the era. Figure 7 shows each individual AMP event making up each AMP group, the strength of each disturbance
coinciding with the relevant planet angles. Type A events with a J/S angle around +30 deg and N/U angle of 15 deg providing the
strongest downturns, Type B&A events with a J/S angle near zero deg or 180 deg providing the weakest downturn. A full size image
can be viewed at http://www.landscheidt.info/images/c14nujs1.jpg
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Year [-3666|-3514]-3335]-3155]-2989|-2810(-2657|-2478]-2298-2119|-1940
Pos | NL | N/L | N/L | NL | N/L [ NL|NL|NL|NL| UL ]| UL
NU| 8 55 27 10 23 2 45 38 7 5 14
JIS | -55 | +32 | +32 | +40 | -78 | -95 | +2 | +10 0 -12 | -13

Year |-1788(-1621|-1442-1263|-1110| -931 | -752 | -573 | -394 | -215 | -75 106
Pos | N/L | N/L | N/L |Draw| N/L | N/L | N/L |[Draw| U/L | U/L | N/L | N/L
N/U | 13 22 13 2 30 | 30 16 0 17 | 42 30 13
JIS | +85 | 35| -34 | 45 | +58 | +62 | +35 | +18 | +9 0 0 -10

Year | 284 | 463 | 602 | 781 | 961 | 1153 | 1293 | 1472 | 1651 | 1831 | 2010
Pos | UL |UL |NL|NL|NL|UL|NL|NL]|UL]| UL | UL
N/U 3 35 40 30 15 30 48 15 5 20 40
J/S 24 | 36 | -30 | 35 | -65 | +53 | +55 | +30 | +25 | +25 | +25

Figure 6. Planet angle tables referring to Fig 5. displaying the middle AMP event per 172 year average period. Pos= relative
Uranus/Neptune position ie Neptune leading Uranus etc. N/U= angle measured between Neptune & Uranus. J/S= angle measured
away from Jupiter/Saturn opposition.

The planetary angles taken at the AMP events providing a statistical measure that can be compared with the
AMP events and Figure 1. The depth of the solar downturns shown on the 14C graphs coinciding with the
planet angles and observed AMP events, deep troughs aligning with strong Type A events and sustained
periods of strong solar activity aligning with periods of weaker Type B events. Type A events can also be
weak depending on the planet angles. Type B events occurring before 1000AD are a result of the changing
planet angles that move slowly over long periods of time. The overall background shape of the 14C graph
coinciding with the occurrence and strength of Type A & B events. During times of multiple sustained Type
B events each 172 year cycle can carry more than 3 events as observed in Figure 7.
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Figure 7. Individual AMP events plotted directly onto the Solanki data. As each conjunction of Uranus & Neptune has a varying
Jupiter/Saturn position, the strength of each individual AMP event along with the AMP group total changes over the millennia. This
can be represented as the AM power curve of the Holocene. A full size image can be viewed at
http://www.landscheidt.info/images/solanki sharp detail.jpg spreadsheet with original Solanki data with AMP events available at

http://www.landscheidt.info/images/solanki_sharp.xls
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Figure 8. AM graph depicting the period from 900AD — 1640AD. The change in Type A dominance shown after 1100AD. The
MWP possibly being the only period during the Holocene not to be affected by the recurring 172 year AMP pattern. This is a time of
transition moving from very weak Type B occurrence to a strengthening Type A dominance. The AMP events at 930 & 970 are
midway between Type A & B. Note: AM units of measure equate to gram-cm”2/sec
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Figure 9. Carbon 14 graph (Wikipedia) with the AMP events overlaid. The Sporer Minimum displaying the longest period of solar
inactivity coinciding with 3 strong Type A events and 1 Type B event. The last two AMP events during the Maunder Minimum being
stronger than the initial AMP event. See Figurel &8.



Determining AMP Strength

The purple line shown on Figure 4 is a representation of the AMP strength of the era which follows the
general trend of solar activity. The method used is a preliminary method using visual observation of each
disturbance of the graph period. Figure 1 displays the different types of AMP events that cycle in groups
every 172 years (average). These disturbances always line up with periods of solar downturn.

Year Count Conv
Type "B" 1830 5 11
1651 9 -5
1472 7 3
ﬂ 1293 7 3
1153 2 23
f \ 961 4 15
J \ 781 1 15
* 602 6 7
163 5 11
1 284 3 19
. 106 2 23
pea 75 2 23
215 3 19
-394 8 -1
573 8 -1
- -752 10 -9
931 1 5
I \j 1110 4 5
v
4 3 2 1
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Figure 10. Charts showing the AMP strength quantification method. Each count unit corresponding with 4 units of Usoskin derived
SSN units. Future quantification methods involving accurate planet angles would provide more detail.

The Solanki/Steinhilber data shows regular solar downturns that vary in intensity, by observing the shapes of
the AMP events that align with these downturns we are able to see a pattern that is repeatable.

There are rare occasions of strong Type A AMP events that do not cause solar activity reduction or perhaps
not as low as expected, when not meeting the Wilson Test described in Wilson et al. (2008). This test states
that for an AMP event to fully utilise the disturbance, the Jupiter/Saturn opposition or conjunction must
happen before cycle maximum (to achieve a cycle with less than 80SSN). This has been tested over the
sunspot numbers but is not available for accurate testing beyond that as the cycle maximum date is not
known. 1830 and -530 are probable examples of this phenomena, during 1830 the Jupiter/Saturn conjunction
occurred before cycle maximum. Cycle maximum records not available for -530.

By matching the AMP event shapes on the AM graphs with solar downturn strength each disturbance can be
quantified. AMP events that align with deep grand minima (on a constant basis throughout history) get the
highest score and also show the same shape or perturbation. Each point on the purple line shown on Figure 4
is a total of all AMP events making up that 172 year group.
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Figure 11. Wilson's Test. Black dots are Jupiter/Saturn together, Blue dots Jupiter/Saturn opposed, and Red dots are solar cycle
maxima, reduced solar activity occurs when a black or blue dot occurs in between cycle minimum and before cycle maximum. 1830
& 1790 not passing the test. Yellow circles complying with Wilsons law. Note: AM units of measure equate to gram-cm”2/sec

Discussion — Solar Cycle Modulation

Solar cycle strength depicted by SSN (smoothed sunspot number) follows a recurring wave of power that
follows the overall AM values (Figure 14). This AM wave displays a peak at the Uranus/Neptune
conjunction and the corresponding trough at the Uranus/Neptune opposition, Scafetta (2009) also recognised
this trend in his presentation to the US EPA. The SSN record of the past 400 years when matched with this
wave shows a strong correlation. The AMP events that always occur at different intensities and length near
the AM maximum, interrupt the correlation and work as a separate process. The AM sine wave is also seen
as a background solar engine that affects cycle modulation (SSN) but not the length of the cycle. Other
processes determine the length of each solar cycle.

The Damon Minimum (1856-1913) is sometimes described as a grand minimum and is most likely an
example of a low sunspot cycle/s affected by low AM at the time of the Uranus/Neptune opposition. AMP
events are not observed during these intervals with only low AM recorded. The AMP event is thought to
create a “phase catastrophe” situation which perhaps is responsible for reported monopolar solar pole



readings of the Maunder Minimum by Callebaut ez a/, (2007). The monopolar position is effectively
providing the majority of sunspot activity to a single solar hemisphere. The monopolar position being
described as a prolonged period where the solar poles have the same polarity as a result of only one pole
reversing polarity during the Hale cycle. These events need to be accommodated when comparing the AM
modulation versus the sunspot cycle modulation. The monopolar disturbance to the normal Hale cycle could
explain the occurrence of twin low cycles paired during grand minima even though the second cycle is not
perturbed. The poles require the extra cycle to maintain the normal synchronised state. The key point being
that low cycles can be a result of low AM without experiencing “phase catastrophe” conditions. Grand
minima occur during the higher part of the AM wave.

The AM graphs show a sine wave of AM modulation (around 10 years), the low points are considered as
important as the high points. While a direct mechanical link between AM modulation and solar cycle
modulation remains theoretical there is a direct example of some physical connection. The solar velocity
around the SSB is absolutely linked to the AM sine wave which provides a roughly decadal
acceleration/deceleration phase.
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Figure 12. Solar AM values matched with solar velocity. The yellow dots displaying the 172 year centre of the AMP groups. Note
the repeating pattern of change in velocity. Data source- Jet Propulsion Laboratory.

To visualise the importance of the low points in relation to the high points of the AM graph, a centre point
needs to be determined and the values recorded under that centre point are inverted. This provides a true
reading of the AM strength. For the past 400 years an AM reading of 2E+47 (gram-cm”2/sec) was used from
Carl Smith's data as the centre point.
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Figure 13. Manipulated AM graph using Carl Smith's original data with all points below 2E+47 inverted.
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Figure 14. Inverted AM values with the SIDC SSN values overlaid graphically.
Angular Momentum Data

The original Carl Smith AM data is referenced and validated by independent analysis carried out by G.E.
Pease using JPL coordinates and the following standard formula:

MSun*sqrt((YZdot-ZY dot)"2+(ZXdot-XZdot)"2+(XYdot-Y Xdot)"2)

Msun is the Mass of the Sun in kilograms. X, Y, Z, Xdot, Ydot, Zdot must be converted from kilometres and
km/sec to meters and meters/sec to get m*2ks units.

Solar Orbital Angular Momentum (kg-mﬂzls)

Msun*sqrt{(YZdot-ZYdot)"2+(ZXdot-XZdot)"2+(XYdot-YXdot)}r2)
4.5E+40
4.0E+40 4
3.5E+40 -
3.0E440 -
2.5E+440
2.0E440
1.5E+40 —+
1.0E+40
5.0E439

0.0E+00 ~HEEEEFEEE b PP oMo o W
1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800 1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Figure 15. G.E. Pease AM graph depicting the same AMP events and timing as the Smith AM graph.

Proposed Mechanical Link Via Spin Orbit Coupling

A spin orbit coupling mechanism has been discussed by Wilson ef a/. (2008) which translates into a varying
solar equatorial rotation speed, enabling changes to the solar dynamo and the meridional flows. Solar
equatorial rotation rate changes have been recorded by Javaraiah (2003) based on sunspot movement records.
Total Angular Momentum is the combination of orbital AM + spin AM. The laws of AM conservation allow

a “trade off” between orbital AM and spin AM. Each body in the solar system has its own orbital AM that
can be calculated using the standard formula:

Mbody*sqrt((YZdot-ZY dot)*2+(ZXdot-XZdot)"2-+(XYdot-Y Xdot)"2)

If there is a discrepancy between solar orbital AM and planet/body orbital AM the laws of AM conservation
would allow changes to a bodies spin AM. This could result in a varying solar equatorial rotation rate.

To perform this task all the solar system planets and the asteroids Ceres, Juno, Vesta and Pallas have been



included (Eugenia, Siwa & Chiron still to be added) to arrive at a total planet AM. Data coordinates were
taken from the JPL DE405 ephemeris.

To compare planet AM with Solar AM the inertial frame should be the same. The planet inertial frame
calculated from JPL is in the barycentric frame rather that heliocentric, requiring a transformation to attain
the same inertial frame reference. The planet AM was calculated using Heliocentric coordinates, the Sun was
calculated using the SSB as the axis point (barycentric), then the solar AM is subtracted from the planet AM
to achieve the same inertial frame.

The following graph displays a divergence between solar and planet orbital AM. A future study will be
performed with G.E. Pease further outlining this procedure. Extending this graph back over the whole LIA
may prove interesting, possibly showing us another method of identifying solar slow down by studying the
planetary AM and its relationship with solar AM. Some big questions remain.
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Conclusions and Predictions

The correlation of the inverted AM values with the existing sunspot record, along with the quantification of
AMP events provides a platform for future sunspot prediction out to 3000AD. Cycles 24 & 25 are predicted
to be less than 50SSN using the Layman's Sunspot Count (based on the SIDC values but ignoring specks
rated lower than 23 pixels). Solar cycle 20 was the first stage of the current AMP group which failed to
generate a full grand minimum because of the very weak AMP event caused by the late timing of the
Uranus/Neptune conjunction and the failed “Wilson's Test”. The current AMP group does not display a third
event which is extremely rare and hence will allow a modest recovery during solar cycle 26. Looking out
further, the next 1000 years do not show any major chances for deep grand minima which should provide
stable conditions for future generations, not withstanding the possible entry into the next ice age.

Solar cycle 24 will need to reach maximum after March 2011 to comply with the “Wilsons Test”
Further information on the Layman's Sunspot Count can be found at:

http://www.landscheidt.info/?g=node/50
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overall trend being important.
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Figure 18. Earth's future climate based on the projected solar activity using the same method as described in the chapter headed
“Determining AMP Strength”. Deep grand minima are not expected.

Acknowledgements

Special thanks go to G.E. Pease for confirming Carl Smith's AM data and for the advice and input on inertial
frames.

Also many thanks to Nicola Scaffeta for providing advice and initial peer review.

The SIM diagram (Figure 3) produced on software made available by Carsten Arnholm.



References

Callebaut, D.; Makarov, V.; Tlatov, A.; 2007. Monopolar structure of the Sun in between polar reversals and
in Maunder Minimum. Advances in Space Research
Volume 40, Issue 12 , 2007, Pages 1917-1920 Volume 40, Issue 12, 2007, Pages 1917-1920

Charvatova, 1., 2000. Can origin of the 2400-year cycle of solar activity be caused
by solar inertial motion? Geophysical Institute AS CR, Bocnd 11, 141 31 Praha 4, Czech Republic

Javaraiah, J., 2003, SoPh, 212, 23
Jose, P., 1965. Sun’s motion and sunspots. Astronomical Journal, 70, 193 — 200.

Landscheidt, T., 2003. New Little Ice Age instead of global warming. Energy and Environment 14, 327-350.
—2003.

Scafetta, N., 2009. presented at a seminar at the U.S. Environmental Protection Agency, DC
USA, February 26, 2009. A video of the seminar is here:
http://yosemite.epa.gov/ee/epa/eed.nsf/vwpsw/360796BO6E48EA0485257601005982 A 1#video

Smith, C.; 2007. Angular Momentum Graph. http://landscheidt.auditblogs.com/2007/06/01/dr-landscheidts-
solar-cycle-24-prediction/ The original Carl Smith ephemeris can be downloaded at
http://landscheidt.auditblogs.com/6000-year-ephemeris/

Solanki, S. K., I. G. Usoskin, B. Kromer, M. Schussler, and J. Beer (2004), Unusual activity of the Sun
during recent decades compared to the pre-vious 11,000 years, Nature, 431, 1084—1087.

ftp:/ftp.ncdc.noaa.gov/pub/data/paleo/climate forcing/solar_variability/solanki2004-ssn.txt

Steinhilber, F.; Beer, J.; Frohlich, C.; 2009. Total solar irradiance during the Holocene. GEOPHYSICAL
RESEARCH LETTERS, VOL. ???, XXXX, DOI:10.1029/, http://www.leif.org/EOS/Holocene-TSI.pdf

Stuiver, M., Reimer, P.J., Bard, E., Beck, J.W., Burr, G.S., Hughen, K.A., Kromer, B., McCormac, G., van
der Plicht, J. and Spurk, M..; 1998b: INTCAL98 radiocarbon age calibration, 24,000#0 cal BP.
Radiocarbon 40, 1041#83.

Usoskin, I.; Solanki, S.; Kovaltsov, G.; 2007. Grand minima and maxima of solar activity: New
observational constraints. Astronomy & Astrophysics manuscript no. 7704

Wilson, L.; Carter, B.; Waite.; 2008. Does a Spin—Orbit Coupling Between the Sun and the Jovian
Planets Govern the Solar Cycle? Publications of the Astronomical Society of Australia, 2008, 25, 85-93
http://www.publish.csiro.au/?act=view_file&file id=AS06018.pdf



http://www.publish.csiro.au/?act=view_file&file_id=AS06018.pdf
http://www.leif.org/EOS/Holocene-TSI.pdf
ftp://ftp.ncdc.noaa.gov/pub/data/paleo/climate_forcing/solar_variability/solanki2004-ssn.txt
http://landscheidt.auditblogs.com/6000-year-ephemeris/
http://landscheidt.auditblogs.com/2007/06/01/dr-landscheidts-solar-cycle-24-prediction/
http://landscheidt.auditblogs.com/2007/06/01/dr-landscheidts-solar-cycle-24-prediction/
http://yosemite.epa.gov/ee/epa/eed.nsf/vwpsw/360796B06E48EA0485257601005982A1#video
http://bourabai.narod.ru/landscheidt/new-e.htm
http://translate.googleusercontent.com/translate_c?hl=en&ie=UTF-8&sl=it&tl=en&u=http://www.sciencedirect.com/science%3F_ob%3DPublicationURL%26_tockey%3D%2523TOC%25235738%25232007%2523999599987%2523674528%2523FLA%2523%26_cdi%3D5738%26_pubType%3DJ%26view%3Dc%26_auth%3Dy%26_acct%3DC000050221%26_version%3D1%26_urlVersion%3D0%26_userid%3D10%26md5%3D6cab3f92d0759fc4e09afd69b076a577&prev=_t&rurl=translate.google.com&usg=ALkJrhh8CRUPhGwZWd-K2CDsvakzXe0btw
http://translate.googleusercontent.com/translate_c?hl=en&ie=UTF-8&sl=it&tl=en&u=http://www.sciencedirect.com/science%3F_ob%3DPublicationURL%26_tockey%3D%2523TOC%25235738%25232007%2523999599987%2523674528%2523FLA%2523%26_cdi%3D5738%26_pubType%3DJ%26view%3Dc%26_auth%3Dy%26_acct%3DC000050221%26_version%3D1%26_urlVersion%3D0%26_userid%3D10%26md5%3D6cab3f92d0759fc4e09afd69b076a577&prev=_t&rurl=translate.google.com&usg=ALkJrhh8CRUPhGwZWd-K2CDsvakzXe0btw
http://translate.googleusercontent.com/translate_c?hl=en&ie=UTF-8&sl=it&tl=en&u=http://www.sciencedirect.com/science/journal/02731177&prev=_t&rurl=translate.google.com&usg=ALkJrhjZNgrSrb6OEIAvF3OjI-zkcNlfEA

Extra AM Data

315y T ==

s | - T e [, ——— [t _n\.....l%l...ll.! Pl ————— e
[;JHU ~ 1 e ! S N = | L P <] st =T Ll
| Lig oy AR T Hh e S L + ol P
L R | — | L
Annrf. i <] B2 T T T | | o P HeE T .(..F..r...., 9sLl
- B= f j
™ Bz T v T o |»| || zie LT gt -
D \\\- 1 I e S | njlll.l ; alllllilll.. a9k
| : aa P13 Ben i o T
< 158 L o] eer- ¥ —— e = T Tt [ oot
— St T B |t o4 l.ll.\....l-l ode | et BGL .luull..ll.illv
e | artr = | [t ;
\.llr.nv o g T 1 1 |, : ~ il il <« oo AV R
& AH-I..1|...II|.|I.II 551~ O B e, T | ] \vi <_| pl
Zaa- P £sy- = e T T | 84e > - |-+ Tl sen
> — ) - . e S b . de T gL g O B =
| I~ e ZLt W - I;J/ . | z [ = 9zLL
i Bug- 1] 0B~ L 64 ) 1e I T ——
rl.lnlnU 189 nlllnl.l > n.\|ll|..1|l hm” ll.l1|lu||||lu|l|1l|l o _mﬂ \lll-l-lllll. oLs \_\-l\kllll.l akkl
5 ——t— G e ? <
1 - N S T i e o S A | Ll ; S L
PN B AT | e || [ T T ] es [ T s¢ .J.F.IIJU 40 < o
08~ 8 | coe- <] #alh- G | oz B 669 Y
B e T I I | < 08a [ e, oy 2EOL
] £16- = s «Jei- ! < | oz ] || =]
<] I | ] | ™ * e T T ¥E0L
[t LzZg= .”....lln 225 [ e, oy %5 |.|i|lrllV 642 b >
- ———— | e | T T | | et cla Lt .01
oo 0g6- = 1es |, T T —— % 1 | | Lz < ] 4 2001
el I —
) 1\v\ . [ | LT il A\i!l..l%l!ll 8e)- 1lll|llll1.l|u. 22 B 99 =] o
—1 i <] | | e - | - 1| 52 < Sl N o
" s - Y e ~ «17 —~~ a Las - 1504
e | sse | ¥ | LT | oS T i ™~ e —_— el ¥0L
T 96~ | oG- e | - |1 iz | = |e5ee b
> llrrl..U ety | I e | Lt |t w201
i i - = e 0gg |1
..\\\\..t < |z P 5 = 2 5 | — = ol N 9204
L Lag- —t1 1 s l.llnl\ ] 9 [ e o (1754 \lllmfll”U. 2] . —
e < | <1 | ] I 1 , [ — LL0k
—— L T T | 08 T ] i gl | i 5001
=g B66- LT s [ S R o PR > £z h— | 509 | -
[ nﬂrlrrlflli ] | |t | = e et LoDk
N e e Lo0o- T T o i B o et Y ik o e L L4 fzes
|t GLOL- \..\.Il <] 5o w <+ | sie- o agk IR B85 n“.lu.lllrllllr -
> <] L —t—T"] |1 % L] I PO T
lulIl.llJHU £208- <1 | | 29~ <] {54 unnl\l.l\ al b | 96
- = I i A
I e P BEmme S =Ny e Ml | W) < = b
m + Jon- <] Lhe- T T | ove- B SR o A > e T e
o L L | | 2 o 5 | | . T
BrOL- ™~ 69" 8wz | zqL o
[ ) \/\. | =1 ] = 156
| e 1504~ .n\lin\nlll\ 169 | P12 IP il UV 53 T | 2ee
I 1 | |l
T | s T | [oee e S sq- =TT T si ﬁ“\\l ses LT e
[ | — | —t | | |
. | FEOF 1T .= [* = b7 —— Rl i 828 m.r.. “azs
2804 n “f ceo- <] zae- aT T T | silb lil...ullﬂu. BIS T e
| N . T | n |l|1||ll.i.|..I|\ &
5 = eor- | e U 182 ~ «lod N o 41— =
L edo L | 1]
e BBOL- a1 | 002~ | et B8 o ze //.J 205 > 008
I8 —~—t | | | <] LT —— ==
L= eou- T=| e Pt | Jeoe | =T | | | £q b b | i
2 L1 3 3 |_L—P i sy L | et A...rr.
S E | «] i 2 |t 9L Lo L —— L voe
T = A_\..l e | |t | —
— SZhi- < sz 2| € a7 ] a4 <] v | 1A Lo
- =t | | e «| ] —| e
|t eeiL- L] eeu- N 89 « | o < 198
> Ly 1“!I1|..|ul.l| | et V 1 -.rll....!.f ¥
llirrler ZriL- — 1 | | ZhL- .nHIl|||||| wtmm. [ 69 lI.II.lllUu 0g¥ ) 858
L~ 05Hb- L= | ose == oge- Tt 19 < 15¥ || AT osa
|1 < — - |« | > ——b BV ]
<] BSHb- /| ] ese- L~ 65e- |t 121 [—=] v+ T
e | = |t A..1. | T |7
| T | cons- [ e =1 [ | Lge- P i <] [ d T s
: —— s =] ] ] _ PR -« -
2 ] 8Lk et oLl O B B e =y 575 e E N 9zy ™ sz
= L i
£ ™ k- ......i..l.l!u!..jnv L~ P S o < v 2 Lk \llllll.h.u. v T lue
= | e =1 | =T
| P oo T 264 = T 8 | 80% =] 08
ﬁu |t + | P 4 I e T N Y
Lozh- Log- r o - Bt 008
A B R e B B R e Wm0t e (e e
['8) [*) W wow wow wow
4 8 8 8 8 44 SBEELEEEREES EREBRSHEBREEES BnsdERsAgssd 8 2 2 8 4 8 g HREREREREYS
=1 wWoow MmN e 5 00 W oW T M om N v N [— I B R I | S oW Wow T MmN LI I~ -] - L] o - =] oW W MmN N e e =



