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Pieces of a Complex Puzzlean We
Assemble the Pieces into a Coherent Pictu

Things and concepts presented - = ..o o
A glimpse into . . . LI T e
Cosmological Dynamics

Space / Time / GraV|ty fabrlc

Accelerated Pace of Change |n Measurable Phenomena '
[t | _tory 20129

Biological Systems, Quantum Biology, Evolutionary Genetlcs

Cyclical Momentum, and a blt Df AnClent

What happened 100,000 years ago, is our DNA really . . . Ours?
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@ 5000+ Black Birds
http://www.cnn.com/2011/US/01/03/arkansas falling.b _ p
@ 500+ Black Birds _,/ Greenland Satellite
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300+ Doves
http://www.geapress.org/ambiente/faenza-piovono-tort

70 Bats
http://www.azcentral com/news/articles/2010/12/28/2(

100 Tons of Fish
http://www_parana-online.com.br/editoria/cidades/new:

Hundreds of Snapper
http:/fwww.nzherald_co.nz/nz/news/article.cfm?c_id=1

10 Tons of fish

-1 , /. | o 41 ¢ L T =
http://www.stuff.co_nz/auckland/local-news/rodney-tim A e 0 susle O i

Ocean o AT A ) Atlantic
Sl Y 4 Ocean

Hundreds of fish
http:/fwww_torontosun.com/news/canada/2011/01/04/

Thousands of fish
http:/fwww_themorningbulletin.com.au/story/2010/12/1

Hundreds of Fish lesla “panua New
http:/fwww_smh_com.au/environment/water-issues/fish

Hundreds of Fish
http:/fwww_bymnews_com/news/newsDetails_php?id='

South
Atlantic
Ocean

- South
{ %@ Pacific

Ocean

Scores of Fish JNew.
http://www.peterboroughtoday.co.uk/news/environmen ¢

Hundreds of Fish
http://www_liverpoolecho.co.uk/liverpool-news/local-ne:

150 Tons of Red Tilapias
http://business_asiaone.com/Business/News/Story/A”
Southern
Ocean
7
SA, Map data ©2011 Geocentre Copsulting, M. ), Sensis Pty Ltd - Ter

Thousands of Fish
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])i~;1[)[u~;n'in; Disease of Honev Bees:
A .\'ur\(-) of the United States’

What do birds, fish, and
bees have in common?

Birds, fish, and bees have been dying in large scale mass
events all over the world.

The explanations for such, in many cases either remain
Aunexpl ainedo, or are attr
purported causes.
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Magnetite-based magnetoreception in birds: the effect of a biasing field and a
pulse on migratory behavior
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In view of these critical tests. the birds were subdivided into
wo groups. PAR and ANTI. according to the direction of the
biasing field in relation to the direction of the pulse. One bird
escaped during the initial phase: therefore. the group ANTI
consisted of nine birds and group PAR of ten birds.

The biasing field was 1 mT. approximately 20 times the earth
field’s intensity. produced by Helmholtz coils. with magnetic
north in geographic east for the ANTI-birds and in geographic
west for the PAR-birds. It added to the local geomagnetic field
so that the north directions of the combined fields dewviated
from east and west. respectively. by about 2° towards north.
The birds were exposed to the combined field for about 5s
while facing geographic east. which meant magnetic north for
the ANTI-birds and magnetic south for the PAR-birds. The
pulse. of intensity 0.5T and duration approximately 4—5 ms.
was 1identical to the one used in earlier studies and was
administered in the same way (W. Wiltschko et al.. 1994,
1998). being ‘south anterior’ as defined by Beason et al. (1995.
1997). This pulse was applied while the birds were exposed to
the 1 mT biasing field oriented as before. which means that the
pulse was parallel to the field for the PAR-birds and
antiparallel for the ANTI-birds.

Control before treatment

N A4
[ ‘“lq‘

W

PAR

I

After treatment with biasing field

W

dh

w
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Circuits, Cells and Molecules in Magnetoreception

Many species on the planet, whether they be birds, fish or insects rely on the
earths magnetic field to guide migration or assist navigation. This remarkable
sense is known as magnetoreception. One idea that aims to explain how animals
detect magnetic fields is known as the magnetite bhased theory of
magnetoreception. This theory holds that mechanosensitive ion channels coupled
to an intracellular compass made of an iron oxide called magnetite (Fe304)
transduce local magnetic information into a neuronal impulse.

This hypothesis originates from the discovery of magnetotactic bacteria. These

aquatic bacteria use the Earth’'s magnetic field to direct swimming towards
growth-favouring regicns in natural waters. It has been shown that magnetotatic bacteria possess organelles called
magnetosomes. Magnetosomes consist of membrane-enclosed maanetite crystals that twist into alignment with the Earth’s
magnetic field — thereby directing bacterial movement. The theory of magnetite hased magnetoreception has been supported by
the discovery of magnetite in a range of other organisms that detect and respond to magnetic fields; most notably birds, fish and
bees.

-
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Elements; August 2009; v. 5; no. 4; p. 235-240; DOI: 10.2113/gselements.5.4.235
© 2009 Mineralogical Society of America

Magnetic Nanocrystals in Organisms Q ¢

i - = o -
e A
v Explore deeper, faster

Tihaly Posfai' and Rafal E. Dunin-Borkowski- 3 ot
g GeoScienceWorld

k Department of Earth and Environmental Sciences
University of Pannonia, H-8200 Veszprém, Hungary
-mail: mihaly. posfai@gmail. com

F Center for Electron Nanoscopy. Technical University of Denmark

DK-2800 Kongens Lyngby. Denmark
-mail: rafaldb@ gmail.com

errimagnefic nanocrystals are present in virtually every organism. they are used by bacteria, algae, mollusks, insects, and
rertebrates either for navigating in the geomagnetic field or for hardening their tissues. advanced transmission electron
microscopy techniques, including electron holography, reveal the complex interplay between the physical and magnetic properties
and biological functions of ferrimagnetic nanocrystals in bacteria. although some information is now available about magnetic
sensory systems in more complex organisms, much further research is required to understand fully the origin and function of

biomagnetism.

YWORDS: biomagnetism, nanocrystals, electron holography. magnetotaxis. magnetoreception
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May 9"th_, 2008 thousands of toads cross
road near area where earthquake struck
on May 12th in Sichuan China



Where to start?

A brief examination of our planet, solar system, galaxy .
& Gravity Waves

| I
Gravity waves . . . LISA probe

34019 Laser Interferometer Space Antenna



Where to start?

A brief examination of our planet, solar system, galaxy .
& Gravity Waves

Gravity waves
TIAHEEESS emanating outward . . .
S LU rippling space/time fabric
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Gravity Wellsi Contractions of Space/Time
around massive objects

.+ -Galactic Black Hole i ... = -
-."_center of galactic mass = . -
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Gravity Waves Ripples in Space / Time Fabt
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Gravity Waved Ripples in Space / Time Fabi

Galactic Binaries =~ Compact Objects Orbiting
including future Massive Black Holes

- typelasupernovae  high-precision probes
of strong-field gravity

~ Merging Massive  Fluctuations from
N /) Black Holes Early Universe

in merged galaxies stochastic backgrounds
and bursts
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Gravity Waved Ripples in Space / Time Fabi

Like ripples in an n-dimensional cosmic pond . ..
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Dark Matter / Energy Filaments
What can we ns

Sucomraste 0 '(I')s?Z Su Bol?ctl?ster
ercluster (0.
2 < \ ) Eoe 061) Coma Cluster (0.023)

Virgo Cluster (16 Mpc)
Leo Supercluster (0.032)
.27 "ew, Shapley Concentration (0.048+)
5 Centaurus Cluster (0.02)

Hercules
Supercluster (0.037)
Ursa Major Sugencluster
(0.058)

Ophiuchus
Cluster (0.028)
IRAS dipole

Abell 634 -
Cluster (0.025) )
s - CMB dipole

H I
RS

Taurus Molecular
Cloud

Perseus-Pisces Norma &
Supercluster (0.017+) 3 - Great Anrg)ctor
(1 Mpc) 2 TGN LMC 7
Pisces-Cetus . Fornax Cluster (20 Mpc)
Supercluster {0.063) Milky Way

— Horolﬁlum
Pavo-Indus Supercluster (0.067)

Center Supercluster (0.015)

Sculptor Supercluster (0.054)

3/24/2019



Dark Matter / Energy Filaments
What can we ns

3/24/2019



RF phenomena data
as observed in the
galactic center

Naval Research
Observatory

DoD high
performance
computing
resources

3/24/2019
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Naval Rescarch Laboratory

Wide-Field Radio Image of the
Galactic Center
A=90cm

Sgr D HII ‘N .
(Kassim, LaRosa, Lazio, & Hyman 1999)

Sgr D SNR \‘ ’

P

SNR 0.9+0.1

Ser B2 /;1\ New SNR 0.3+0.0
Sg" Bl . Threads
' New Feature:
<
dre ’ 7 The Cane
" ; <'\'Background Galaxy
» > Threads
Sgr A ' -
s ) New thread: The Pelican
- . SgrC  Coherent
Snake : structure?
~ Y .
Mouse » SgrE
SNR 359.0-00.9 % \
SNR 359.1-00.5
~0.5°
~75 pe
~240 light years Tornado (SNR?)
Imsage processing at the Naval Research Laboratory wsing Dob) High Performance Computing Resources ‘

IProduced by N.E. Kassim, D.S. Briggs, TJ.W. Lazio, TN, LaRosa, J, Imamura, & S D. Hyman
Ongmal data from the NRAO Very Large Armay courtesy of A, Pediar, K. A h, M. Goss, & R. Ekers
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Galactic Center

Optical vs

10 observations

. Wide-Field Radio Image of the
Naval Research Laboratory
Galactic Center

Sgr D HII A=90 cm
(Kassim, LaRosa, Lazio, & Hyman 1999)

Sgr D SNR ./' w
SNR 0.9+0.1 |
Ser B2 e New SNR 0.3+0.0
Ser BI ’ Threads n
. . -« New Feature:
: ooy ""v The Cane
’ + € ————Buckground Galaxy
y Threads
SgrA

' New thread: The Pelican
- SgrC  Coherent
structure?

BN 7
LT %

SgrE
SNR 359.1-00.5
~0.5° .
~75 pc
~240 light years Tornado (SNR?)

kmage processing st the Neval Research Leboratory using DoD High Performance Computing Resources. ‘
Produced by N.£. Kassim, D,S. Briggs, 1).W. Lazo, T.N. LaRosa, J. marsura, & 5.0, Hyman
(Original dsta Very L y of A. Pedlar, K. M. Goss, & R Elers




Our friendly Milky Way Galaxy .

Our Galaxy is a collection of stellar and interstellar matter
I stars,ogas;cisty neutron stars, black holes i
held together by gravity & an enormous central black hole

L MAM”*@ p— s




Our friendly Milky Way Galaxy . . .

Large scale surveys the Galaxy
identify many Giant Molecular
Clouds. If spiral arms are
associated with star formation,
then they must also be traced
4kpe arm out by the locations of GMCs.

Scutum
arm

AGMC positions intej
Galaxy have some ambiguity

Sagittarius
arm

ABits and pieces of arms

0 | To Sun

AlLess distance ambiguity outside of Solar
orbit, and better evidence of arm -like
morphology



Our friendly Milky Way Galaxy . . .

APopulation I: blue stars and open

clusters accompanied by gas and Globular clusters

dust in the disks of spiral galaxies Galactic halo . " /
= ® .
APopulation Il: red stars and . e . _ O, Bstars
globular clusters in spheroids and R R
inti ; Galactic disk R P . _
elliptical galaxies R P ——
" reod Sun

. . . Gas and dust
populations differin  age

they differin  metallicity: Open cluster

Emission nebula

Pop | young and metal rich .

30 kpc

(100,000 light years)

Pop Il old and metal poor



Our friendly Milky Way Galaxy . . .

Face-on View =

100,000 light years

We are here

3,000 light years




Our friendly Milky Way Galaxy . . .

The Solar system moves around the center of our galaxy
: (like planets around the Sun) and also wobbles up and
Milky Way — like galaxy down around the mid-plane of the galaxy.
S

-
The circular motion around the center is shown by the
dashed line; the actual motion of the Solar system is
shown by the solid green line.

Me‘:ivedev, 2007



Our friendly Milky Way Galaxy .

LS m|II|on year
global extinction
event peak cycles
average sub-peak
~41.6 million years

225 million years for one

We are here . ..

complete galactic revolution



What happens every
R ~ 26,000 years?

path of celestial pole

Kochab ecliptic pole
500 B.C. >

Beta Cephei  Alpha Cephei

*
8000 A.D. Yega
8000 A0,y ' 14,000 A.D.

*

Deneb
10,000 A.D.

4000 A.D.

Actually, every 25,800
years?

earth’s axis
will point

near Vega

in 12,000 years

Planetary precession . . .

earth’s axis
now pointing
near Polaris

earth’s axis
describes a funnel
every 25,800 years

plane of earth’s orbit
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THE SOLAR SYSTEM PLANE IS TILTED ALMOST 90 ° WITH RESPECT TO THE GALACTIC PLANE

Milky Way Image Credit: NASA. Diagram ©2007 by Nasif Nahle.
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Solar system Is perpendicular to
galactic plane . . .




Solar system Is perpendicular to
galactic plane . . .

Scientists have discovered, after a careful analysis of the solar heliosphere, that the solar system is angled perpendicularly to the
galactic plane of the Milky Way. The clue is in how the heliosphere, which surrounds the solar system like a cocoon, is deformed by the
local galactic magnetic field. Apparently, the northern part of the heliosphere bulges outwards against the inward compression of the
southern part. This fact was discovered with the analysis of data from the Voyager 1 and 2 space probes. According to astrophysicist
Merav Opher, this situation is best explained if the local galactic magnetic field that lies just outside the solar system, is angled 60 to 90
degrees to the plane of the Milky Way. The origin of the galactic magnetic field is still much of a mystery. It's orientation may have
something to do with how the Milky Way galaxy was formed.

Heliosphere
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galactic plane . . .

Scientists have discovered, after a careful analysis of the solar heliosphere, that the solar system is angled perpendicularly to the
galactic plane of the Milky Way. The clue is in how the heliosphere, which surrounds the solar system like a cocoon, is deformed by the
local galactic magnetic field. Apparently, the northern part of the heliosphere bulges outwards against the inward compression of the
southern part. This fact was discovered with the analysis of data from the Voyager 1 and 2 space probes. According to astrophysicist
Merav Opher, this situation is best explained if the local galactic magnetic field that lies just outside the solar system, is angled 60 to 90
degrees to the plane of the Milky Way. The origin of the galactic magnetic field is still much of a mystery. It's orientation may have
something to do with how the Milky Way galaxy was formed.

Heliosphere



Maj] or ncl i1 mate ¢
throughout the solar system

NEB

June 2009 May 9, 2010



Maj] or ncl i1 mate ¢
throughout the solar system

Saturn: NED “Dragon” Storm
December 13,2010 20:39UT

1:155 11:95 1i:246 S:8/10 T:3/5

© Christopher Go (Cebu, Philippines)
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Maj] or ncl i1 mate ¢
throughout the solar system

Pluto Faces Hubble Space Telescope ¢ ACS/HRC

90° 180° 270°

NASA, ESA, and M. Buie (Southwest Research Institute) STScI-PRC10-06a



MOTIONS OF THE SOLAR SYSTEM IN THE GALAXY

Orbital Motion: G".&”LACTIC NORTH SOLAR TO GALACTIC
217.22 Rm/s .7 A SYSTEM NUCLEUS

GALACTIC
PLANE

"
=
.. .
e,

e
TOPERSEUS T 5
5-7 Rm/s
APPARENT MOTION OF
GALACTIC SOUTH THE SOLAR SYSTEM

© 2007 . Nasif Nahle



Solar system Is a complex collection of eccentric
divergent orbiting planets intersecting with
perpendicular solar and galactic planar magnetic fields
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What Is in our Solar System . . .
Newly Discovered

TR
‘ ~ Planet Eris is larger than Pluto

Dysnomia
o

. . eand 1t has at
Antares s v
Arct‘urus .
" Dwarf Planet Eris and Satellite Dysnomia » August 30, 2006 HST « ACS/HRC
Eris
" . @Orbi( of
/ Dysnomia
Dysnomia
50,000m!| NI
S E
70,000km 1
3/24/2019

NASA ESA and M. Brown (Caldomia Insttute of Technology) STScI-FPRCOT-24




Solar System . . .
Oort Cloud of Comets

IS IN our

What

N -

-

AU

SIS LSS T

THE OORT COMET CLOUD
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What Is in our Solar System . . .
Oort Cloud of Comets
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What Is in our Solar System . . .
Oort Cloud of Comets
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Milky Way lllustration Credit: © R. Hurt (SSC), JPL-Caltech, NASA. Survey Credit: GLIMPSE Team
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Cosmic Cloud:

15-20 km/s Solar System

Solar System plane is tilted by 90°
© 2007. Nasif Nahle

. S Orbital Speed of the Solar System
it '-‘*ikaround the galactic nucleus: 217 22 km/s

The Solar System
completes one lap
around the nucleus
of the Milky Way
every 226 million
years.

Swinging Motion
onward - backward
the galactic center:
15-20 km/s.

Swinging motion
North - South from
the galactic plane: 5-
7 km/s.

The plane of the
Solar System is tilted
90° with respect to
the plane of the Milky
Way. There is not
coplanarity.




THE MOTION OF THE COSMIC CLOUDS AND THE INTERSTELLAR MATERIAL THAT |
THE ARMS OF THE GALAXY ARE QUITE APART FROM THE MOVEMENTS OF THE S
THAT ARE ORIGINATED IN THOSE CLOUDS.

There are other large "bubbles" of Cosmic Radiation (Interstellar Wind) that will shock
with the Solar Wind, causing changes in the activity of the Sun and in the climate of
the Planets of the Solar System. The starships Voyager-1 and Voyager-2 have detected
high densities of Cosmic Radiation that are affecting the climate on Earth and other
planets of the Solar System. The changes have been manifested like increases of the
Tropospheric Temperature on Earth above the standard fluctuations. The warming and
the climate change have been detected also in Venus, Mars, Jupiter, Saturn, Uranus
and Pluto. Some satellites of Jupiter and Saturn are experiencing global warming and
climate change.

( science@biocab.org ) Nahle, Nasif. Coplanarity of the Solar System and the Milky Way. 2007. BioCab Journal Online. San Nicolas de los Garza, N. L., Mexico.
http://www.biocab.org/Coplanarity_Solar_System_and_Galaxy,html

E. C. Stone et all. Voyager Explores the Termination Shock Region and the Heliosheat Beyond. Science; Vol. 309, pages 2017 - 2020. 23. September 2005.
Maoz, Dan. Astrophysics in a Nutshell. 2007. Princeton University Press, Princeton, NJ. Pp. 140-147

R. B. Decker et all. Voyager 1 in the Foreshock, Termination Shock, and Heliosheat. Science; Vol. 309, pp 2020-2024. 23 September, 2005.

Shu, Frank H. The Physical Universe: An Introduction to Astronomy. 1982. University Science Books. Sausalito, CA.

Vidal-Madjar, A.; Laurent, C.; Bruston, P.; Audouze, J. Is the Solar System Entering a Nearby Interstellar Cosmic Cloud? The Ast rophysical Journal. Vol. 223; pp. 589-600. July
15, 1978. Website: http://adsabs.harvard.edu. Last reading on December 05, 2006.

Brecher, Kenneth. Galaxy. World Book Online Reference Center. 2005. World Book, Inc.
http://www.worldbookonline.com/wb/Article?id=ar 215080,

http://www.astro.ufl.edu/~vicki/AST  3019MilkyWay.ppt

http://biocab.org/Coplanarity_Solar_System_and_Galaxy.html
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Sun's Strange Behavior
Baffles Astronomers

by Denise Chow, SPACE.com Staff Writer
Date: 14 June 2010 Time: 06:53 AM ET

"We're witnessing something unlike anything we've seen
in 100 years," said David Hathaway of NASA's Marshall
Space Flight Center in Huntsville, Ala.

The sun's constant interaction with Earth makes it
important for solar physicists to keep track of solar activity.
Stormy periods can force special safety precautions by
satellite operators and power grid managers, and
astronauts can be put at risk from bursts of radiation spat
out by solar storm. Scientists need to more reliably predict
what's in store.

Hathaway and his team of researchers measured what is
called the meridional flow, which is the circulation of stellar
material from the sun's equator toward the poles and back
again. This flow can often influence a cycle's strength.

The scientists examined the changes in the structure of
the flow, and the levels of geomagnetic activity, as they
corresponded to the minimums and maximums of the
previous solar cycles.
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Evidence of a multi-resonant system
within solar periodic activity

Sun's Strange Behavior
Baffles Astronomers

by Denise Chow, SPACE.com Staff Writer
Date: 14 June 2010 Time: 06:53 AM ET

"We're witnessing something unlike anything we've seen
in 100 years," said David Hathaway of NASA's Marshall
Space Flight Center in Huntsville, Ala.

The sun's constant interaction with Earth makes it
important for solar physicists to keep track of solar activity.
Stormy periods can force special safety precautions by
satellite operators and power grid managers, and
astronauts can be put at risk from bursts of radiation spat
out by solar storm. Scientists need to more reliably predict
what's in store.

Hathaway and his team of researchers measured what is
called the meridional flow, which is the circulation of stellar
material from the sun's equator toward the poles and back
again. This flow can often influence a cycle's strength.

The scientists examined the changes in the structure of
the flow, and the levels of geomagnetic activity, as they
corresponded to the minimums and maximums of the
previous solar cycles.
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Sun's Strange Behavior
Baffles Astronomers

by Denise Chow, SPACE.com Staff Writer
Date: 14 June 2010 Time: 06:53 AM ET
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Hathaway and his team of researchers measured what is
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material from the sun's equator toward the poles and back
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The scientists examined the changes in the structure of
the flow, and the levels of geomagnetic activity, as they
corresponded to the minimums and maximums of the
previous solar cycles.
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Solar activity periodic formula (‘M Vukcevic)
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Sunspot cycle periodicity and Maunder minimum functions against historic sunspot record

Zero or near zero values of the sunspot cycle periodicity curve indicate the Sunspot minima

Zero or near zero values of the Maunder minimum curve indicate reduced activity (1650-1700,
1810, 1861, 1968 ) or extended minima (1810,1913 ).

General form equation J—-11.862 vears — Jupiter sidereal period
Y=100abs(Cos(Zr(t-To)/T1)HCos(£2+2x (t-T0)/T2)) JS —19.859 vears — Jupiter-Saturn svnodic period
Particular equations S — 29.657 — Saturn sidereal period

Y1=100 abs (Cos (2x(t-To) JS)+ Cos (2 n /3+2x(t-To)/2J)) 271/3 (120°) — sequential angular shift of Jupiter-Saturn
Y2=100 abs (Cos (2x(t-To)'48) + Cos (2x(t-To)/( J+U ) synodic periods

for Y1 pre 1810 instead of Cos use Sin function To-1941 — phase synchronizing factor ( JSU year )

For MS Excel entry U=84.02 years— Uranus sidereal period
=100* ABS(COS(2*PI()* (Ax-1941) 19.850)+ COS(2* PI()/3-+2*PL() *(Ax-1941)23.724)) Ax = incrementalby 1/12 from 1600 for monthly resolution

=100* ABS{COS(2*PI()* (Ax-1941) 118.628)+COS(2*PI()*(Ax- 1941)/95 882 ) -
mathematics is the poetry of logicalideas, it is the silemt language of reason www.vukecevic.co.uk
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Magnetic flux fields arcing
across the solar surface.

his is a recently discovered,
d still not fully understood
phenomena, currently being
actively researched.
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Analysis reveals that the propagation of the perturbation originating
from the flare site would not be due to a magneto-sonic wave, but
rather to the amplification of electric currents on the edge of the CME
ushes away the surrounding coronal magnetic fields.
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Analysis reveals that the propagation of the perturbation originating
from the flare site would not be due to a magneto-sonic wave, but
rather to the amplification of electric currents on the edge of the CME
as it pushes away the surrounding coronal magnetic fields.
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Magnetic pole shift / reversal

during areversal
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Magnetic pole shift / reversal

Magnetic pole shift
density patterns vs.
exltinction event cycles
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Global Thermal Cycles
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GLOBAL TEMPERATURES (2500 B.C. TO 2040 A.D.)

MAJOR GLOBAL COOLING SINCE LATE 2007
A 0.9 Degree Fahrenheit drop in global temperatures

from late 2007 to February 2009.

MOUNT PINATUBO ERUPTION (Philippines)
1.1 Degree F. Rapid Cool Down (June 1991 to March 1992)
Global Temperature Went From 0.6 Degrees Above Mormal
To 0.5 Degrees Below Normal.
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Whenever SOLAR RADIATION
has DECREASED and
VOLCANIC ACTIVITY

has INCREASED,
global temperatures
SUDDENLY PLUMMET,
often within weeks or months.
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Global Thermal Cycles

Temperature and CO, concentration in the atmosphere over the past 400 000 years
(from the Vostok ice core)

CO, concentration, ppmv
300

280

300 000 250 000 200 000 150 000 100 000
Year before present (present = 1950)

Temperature change from present, °C
4°C
2°C

400 000 350 000 300 000 250 000 200 000 150 000 100 000 50 000
Year before present (present = 1950)

ource: J.R. Pelit, J. Jouzel, et al, Climate and atmaspheric history of the past 420 000 ysars from the Vostok ice core in Antarctica, Nature 369 (3JUre), pp 426-436, 1999,



Earth's Magnetic Field normal on a calm de

Magnetic Field

10/01/12 00:00:12 Ul
lonospheric Convection

3/24/2019

10/01/12 00:00:13 Ul



Magnetic field one day before the Chile
earthquake4010

Magnetic Field Pressure

I 3, thet0)

i, 80etll

0606403
Com tour

10/02/25 16:43:06 UT
lonospheric Convection

10/02/25 16:43:06 UT

= 106400

3/24/2019

10/02/25 16:43:07 UT

0, 60et00
— Cowtour






