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Conductivity Modulation of Magnetosphere-Ionosphere Coupling

Shane E. Coyle

(ABSTRACT)

Earth’s ionosphere is a region of the upper atmosphere that consists of an energetic and

electromagnetically reactive plasma. This region plays an important role in over-the-horizon

and satellite radio communications, satellite orbits, and can electrically couple into human

infrastructure like pipelines and power cables. Activity in the ionosphere is tightly coupled

to the near-Earth space plasma region called the magnetosphere. This region is formed by

interactions between the energetic particle outflow from the sun called the Solar Wind and

Earth’s magnetic field. Models of the coupling between these regions typically take a ”sun

to mud” perspective, as mass and energy from the sun are transferred into the magneto-

sphere and ultimately into the upper atmosphere. However, the ionosphere also receives

energy directly from ultra-violet radiation from the solar surface. This radiation is the

nominal source of ionization in the upper atmosphere, but certain celestial events alter the

magnitude of radiation that reaches the upper atmosphere. In the case of a solar eclipse,

the moon directly shields a large portion of the Earth from solar radiation. This decreases

both the temperature and ionization rate of the upper atmosphere, which in turn decreases

the conductivity. A solar flare on the other hand increases the available ionizing energy,

and consequently increases the conductivity of the ionosphere. Because the ionosphere is

electrically coupled to the magnetosphere, changes in conductivity must necessarily affect

the way that coupling occurs. In Chapters 1 and 3, we introduce some of the instrumen-

tation used in observing magnetosphere-ionosphere coupling dynamics, as well as some of

the difficulties associated with remote instrument operations in the high-latitude regions of



Earth. Chapter 4 presents a case study of an Antarctic total solar eclipse, in which magnetic

waves are observed from both northern and southern polar regions. The body of work in

Chapter 5 suggests that large spatial scale variations in ionospheric conductivity related to

solar eclipses are associated with geomagnetic substorms. All together, the research herein

highlights the importance of considering ionospheric conductivity as a controlling parameter

for magnetosphere-ionosphere coupling.



Conductivity Modulation of Magnetosphere-Ionosphere Coupling

Shane E. Coyle

(GENERAL AUDIENCE ABSTRACT)

Earth’s upper atmosphere consists of an energetic and electromagnetically reactive plasma.

This region plays an important role in over-the-horizon and satellite radio communications,

and can impact human infrastructure. Activity in this region is influenced by plasma in

space near Earth. This region is formed by interactions between energetic particles from

the sun and Earth’s magnetic field. It is occasionally the case that this near-Earth plasma

is disturbed and rapidly moves into the upper atmosphere, resulting in brilliant auroral

displays. One of the important factors that controls how this plasma and energy moves

is the conductivity of the upper atmosphere region. This varies with latitude and season,

but also changes more rapidly during special solar events. In the case of a solar eclipse,

the moon directly shields a large portion of the Earth from solar radiation. This decreases

both the temperature and ionization rate of the upper atmosphere, which in turn decreases

conductivity. A solar flare on the other hand increases conductivity. In Chapters 2 and

3, we introduce some of the instruments used to observe the upper atmosphere plasma

regions, as well as some of the difficulties associated with remote instrument operations in

the high-latitude regions of Earth. Chapter 4 presents a case study of an Antarctic total

solar eclipse, in which magnetic waves are observed from both northern and southern polar

regions. Chapter 5 suggests that solar eclipses are associated with the previously mentioned

plasma transfers from near-Earth space into the atmosphere. All together, the research

herein highlights the importance of considering conductivity as a controlling parameter for

energy and plasma transfer in the two regions.
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1.1 A diagram of the magnetosphere and its constituent regions. Solar wind

forms a bow shock at the sunward interface, with a turbulent sheath region

immediately within. This region gives way to the magnetopause, which is

nominally defined by the closed field lines of the magnetosphere. The polar

cusp region represents a gap in this boundary surface where Earth’s magnetic

field is connected to the solar wind magnetic field. Nearest to Earth, the

magnetic field is predominantly dipolar. . . . . . . . . . . . . . . . . . . . . 3

1.2 A diagram of currents flowing in the magnetosphere. Along the magnetopause

surface flows a current from dawn to dusk on the dayside and from dusk to

dawn along the northern and southern lobes in the tail. A current sheet flows

across the tail region as well, connecting the tail currents to form a loop.

This tail current gives rise to Earthward plasma convection. Plasma from

several of these regions interact with Earth’s upper atmosphere, which will

be discussed in greater detail in Section 1.2.2 . . . . . . . . . . . . . . . . . . 4

1.3 The process of magnetic reconnection. (a) Two plasmas carrying anti-parallel

magnetic fields move towards each other. (b) Field lines merge to form a

magnetic null, lowering magnetic pressure in the diffusion region. (c) Field

line at the top and bottom of the diagram move in their respective directions,

straightening out and carrying plasma away from the diffusion region in jets. 5
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1.4 Left: A schematic representation of the Dungey cycle, Right: Numbered field

lines mapped down into the ionosphere. Reconnection occurs on the dayside

at position 1, and is followed by anti-sunward motion of the field line (2-4).

Eventually the field lines close again in the distant tail (5) and circulate back

toward the dayside (6-9). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.5 A schematic showing two common examples of electromagnetic ion plasma

waves in the magnetosphere. The field line resonance is an example of an

Alfvén wave, while the cavity mode is an example of a magnetosonic wave

[83]. Figure adapted from Rae et al. [106]. . . . . . . . . . . . . . . . . . . . 8

1.6 A schematic of substorm development based on traces of auroral arcs. The

top two panels show a brightening of the nominal aurora associated with

substorm onset. The middle two panels show the expansion phase, and the

bottom two panels show a dissipation of activity associated with the recovery

phase. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

1.7 Substorm expansion as depicted in several models, the most developed be-

ing the Near Earth Neutral Line (a) and the Current Disruption Model (e).

Adapted from [79]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

1.8 The different regions of shadow during an eclipse. In the example shown,

the Earth is the occluding body (as in a lunar eclipse). The umbral region

is shown with the sun totally obscured by the Earth. The antumbral region

is shown anti-sunward of the umbral region with the Earth shaded region

entirely within the solar disc. The penumbral region flanks the umbral and

antumbral region cones and has a partially obscured solar disc. . . . . . . . . 16
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2.1 An example search coil magnetometer. Arrows point out the vital compo-

nents, specifically the high-permeability magnetic rod core and the sensitive

electronics required to convert an induced electric field into a nanotesla-per-

second scale measurement. This particular coil has 160,000 turns (approxi-

mately 7 miles) of enameled copper wire surrounding the core, all enclosed in

a weatherproof casing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.2 A diagram of a ring-core style fluxgate magnetometer. In this example, the

blue coils drive the magnetic core into saturation, which creates a field in the

clockwise orientation. The sensing coil is wrapped around the entire core, and

therefore senses only the contribution from the background magnetic field, . 23

2.3 A map of magnetometer arrays operating on Antarctic Plateau. Red stars

are the AAL-PIP sites (PG0-PG5). Brown stars are the magnetically con-

jugate foot points of stations located on the west coast of Greenland. The

black dashed line represents geographic latitude and longitude, while the blue

dashed lines represent corrected geomagnetic latitude and longitude. The

AAL-PIP chain is predominately located on the 40-degree magnetic meridian. 26

3.1 Twin Otter airplane next to the AAL-PIP system at PG2 (84.42 S, 57.96 E).

The extreme environment and remote nature of the AAL-PIP sites makes

in-person maintenance very difficult. . . . . . . . . . . . . . . . . . . . . . . 33
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3.2 Diagram showing the process of updating the multiple clocks on an AAL-

PIP. After the Linux OS finishes initialization, the AAL-PIP software sets

the watchdog (WD) timer and spawns separate processes for communication

and GPS synchronization. In this diagram, SYS(0) refers to the value of the

system clock after boot, whereas SYS(1) is the system clock value after GPS

sync. The fault occurs in block three, where the system clock SYS(1) is set

to the erroneously offset GPS time. . . . . . . . . . . . . . . . . . . . . . . . 38

3.3 Diagrams contrasting the original flow of time information on the AAL-PIP

systems (left) with the current method (right). Note the use of the hardware

clock as an input for the communications watchdog, as well as the availability

of IRIDIUM network sourced time for the system clock. The dotted line

represents a reset signal presented by the watchdog. . . . . . . . . . . . . . . 42

4.1 Map of Antarctica showing the location of the eclipse shadow defined by an

obscuration of 80% around the time of peak totality (0730 UT). The shaded

region moves nominally from top to bottom over the course of the eclipse pe-

riod (roughly 4hr). AAL-PIP sites are plotted as red triangles, with PG4/5

overplotted with downward triangles. Ray paths for select GNSS satellites

are traced to an altitude of 600km for the duration of their respective mea-

surements and organized by color. The sun is to the right of the figure, the

solar terminator is to the left. . . . . . . . . . . . . . . . . . . . . . . . . . . 53
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�M�B�;�?�i�b�B�/�2 �B�Q�M�Q�b�T�?�2�`�B�+ �+�Q�M�p�2�+�i�B�Q�M �`�2�p�2�`�b���H �#�Q�m�M�/���`�v �B�b �+�Q�@�H�Q�+���i�2�/ �r�B�i�? ���M �B�Q�M�Q�b�T�?�2�`�B�+

�+�Q�M�/�m�+�i���M�+�2 �;�`���/�B�2�M�i �i�?���i �K���t�B�K�B�x�2�b �m�T�r���`�/ �+�m�`�`�2�M�i�b �B�M �i�?�2 �B�Q�M�Q�b�T�?�2�`�2 �(�e�j�)�X

�Ç �S�H���b�K�� �a�?�2�2�i �*�m�`�`�2�M�i �.�B�b�`�m�T�i�B�Q�M�X �U�6�B�;�m�`�2�R�X�d�X�2�V ���M�Q�i�?�2�` �T�Q�T�m�H���` �2�t�T�H���M���i�B�Q�M

���T�T�`�Q���+�?�2�b �i�?�2 �T�`�Q�+�2�b�b �7�`�Q�K �� �+�m�`�`�2�M�i �/�B�b�`�m�T�i�B�Q�M �T�2�`�b�T�2�+�i�B�p�2�X �A�M �i�?�B�b �K�Q�/�2�H�- �� �i�?�B�M

�+�m�`�`�2�M�i �b�?�2�2�i �B�M �i�?�2 �M�2���`�@�2���`�i�? �`�2�;�B�Q�M �B�b �/�B�b�`�m�T�i�2�/ �U�i�v�T�B�+���H�H�v �/�m�2 �i�Q �� �T�H���b�K�� �B�M�b�i���#�B�H�@

�B�i�v�V �r�?�B�+�? �B�b �i�?�2�M �/�B�p�2�`�i�2�/ �B�M�i�Q �i�?�2 �B�Q�M�Q�b�T�?�2�`�2 ���H�Q�M�; �K���;�M�2�i�B�+ �7�B�2�H�/ �H�B�M�2�b �(�8�N�-�d�y�-�3�y�)�X

�E�`�Q�T�Q�i�F�B�M �(�d�y�) �B�M �T���`�i�B�+�m�H���` �b�m�;�;�2�b�i�b �� �i���B�H�r���`�/ �T�`�Q�T���;���i�B�M�; �`���`�2�7���+�i�B�Q�M �r���p�2 �B�b �`�2�@

�b�T�Q�M�b�B�#�H�2 �7�Q�` �`�2�+�Q�M�M�2�+�i�B�Q�M �B�M �i�?�2 �K���;�M�2�i�Q�i���B�H�X

�Ç �A�Q�M �h�2���`�B�M�; �A�M�b�i���#�B�H�B�i�v�X �� �p���`�B���M�i �Q�7 �i�?�2 �+�m�`�`�2�M�i �/�B�b�`�m�T�i�B�Q�M �K�Q�/�2�H �i�?���i �B�b �+�?���`���+�i�2�`�@
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�Ç �G�Q�+���H �P�M�b�2�i �Q�` �*���b�+���/�B�M�; �J�Q�/�2�H�b�X �h�?�B�b �K�Q�/�2�H �i���F�2�b �i�?�2 �p�B�2�r �i�?���i �i�?�2 �+�m�`�`�2�M�i
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�H�B�F�2 �+�Q�`�Q�M���H �K���b�b �2�D�2�+�i�B�Q�M�b�- �i�?�2 �i�2�`�K �ô�b�Q�H���` �7�H���`�2�ô �b�T�2�+�B�7�B�+���H�H�v �`�2�7�2�`�b �i�Q �i�?�2 �2�H�2�+�i�`�Q�K���;�M�2�i�B�+

�/�B�b�i�m�`�#���M�+�2 ���M�/ �M�Q�i ���M�v �K���b�b �i�`���M�b�T�Q�`�i�X

�h�?�2 �K�Q�/�2�`�M �+�H���b�b�B�7�B�+���i�B�Q�M �b�v�b�i�2�K �7�Q�` �b�Q�H���` �7�H���`�2�b �B�b �#���b�2�/ �Q�M �i�?�2 �T�2���F �7�H�m�t �B�M �b�Q�7�i �s�@�`���v�b

�K�2���b�m�`�2�/ �7�`�Q�K �b�T���+�2�X �h�?�2�`�2 �r�2�`�2 �Q�`�B�;�B�M���H�H�v �i�?�`�2�2 �+���i�2�;�Q�`�B�2�b �Q�` �ô�+�H���b�b�2�b�ô �7�Q�` �7�H���`�2�b�, �*�- �J�-

���M�/ �s�X �h�?�2�b�2 �+���i�2�;�Q�`�B�2�b �+�Q�`�`�2�b�T�Q�M�/�2�/ �i�Q �r�2���F�- �K�Q�/�2�`���i�2�- ���M�/ �2�t�i�`�2�K�2 �2�p�2�M�i�b�X �J�Q�/�2�`�M �B�M�@

�b�i�`�m�K�2�M�i���i�B�Q�M �?���b �#�2�+�Q�K�2 �K�Q�`�2 �b�2�M�b�B�i�B�p�2 �i�Q �b�Q�H���` �s�@�`���v �7�H�m�t�- ���M�/ ���M ���/�/�B�i�B�Q�M���H �+�H���b�b �" �7�H���`�2

�r���b ���/�/�2�/ �7�Q�` �T���`�i�B�+�m�H���`�H�v �r�2���F �7�H���`�2 �2�p�2�M�i�b�X �h�?�2 �+�H���b�b �U���M�/ �i�?�2�`�2�7�Q�`�2 �B�M�i�2�M�b�B�i�v�V �Q�7 �2���+�? �7�H���`�2

�/�2�i�2�`�K�B�M�2�b �i�?�2 �K���;�M�B�i�m�/�2 �Q�7 �i�?�2 �7�H���`�2 �B�K�T���+�i �Q�M �i�?�2 �B�Q�M�Q�b�T�?�2�`�2�- �b�T�2�+�B�7�B�+���H�H�v �r�B�i�? �`�2�b�T�2�+�i �i�Q

�`���/�B�Q �+�Q�K�K�m�M�B�+���i�B�Q�M�b�X

�a�Q�H���` �7�H���`�2�b �`�2�T�`�2�b�2�M�i �� �#�`�Q���/ ���M�/ �B�M�i�2�M�b�2 �B�M�+�`�2���b�2 �B�M �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �`���/�B���i�B�Q�M �7�`�Q�K �i�?�2

�b�m�M�X �h�?�B�b �B�M�+�H�m�/�2�b �1�l�o �`���/�B���i�B�Q�M�- �r�?�B�+�? �B�b �� �T�`�B�K���`�v �B�Q�M�B�x���i�B�Q�M �b�Q�m�`�+�2 �7�Q�` �i�?�2 �B�Q�M�Q�b�T�?�2�`�2�X

�h�?�2 �`�2�b�m�H�i �B�b �i�?�2�`�2�7�Q�`�2 ���M �B�M�+�`�2���b�2 �B�M �B�Q�M�Q�b�T�?�2�`�B�+ �T�H���b�K�� �/�2�M�b�B�i�v �Q�M�+�2 �i�?�2 �7�H���`�2 ���`�`�B�p�2�b ���i

�1���`�i�? �U�3�3�X�8 �K�B�M�m�i�2�b ���7�i�2�` �Q�+�+�m�`�`�2�M�+�2 ���i �i�?�2 �a�m�M�V�X �h�?�B�b �ô�i�?�B�+�F�2�M�B�M�;�ô �Q�7 �i�?�2 �B�Q�M�Q�b�T�?�2�`�2 �H�2���/�b

�i�Q �� �M�m�K�#�2�` �Q�7 �/�v�M���K�B�+�b ���M�/ �i�2�`�`�2�b�i�`�B���H �2�7�7�2�+�i�b�- �K�Q�b�i �M�Q�i���#�H�v �`���/�B�Q �#�H���+�F�Q�m�i�b�X �h�?�B�b �Q�+�+�m�`�b

�r�?�2�M �T�`�B�K���`�B�H�v ���b �� �`�2�b�m�H�i �Q�7 �B�Q�M�Q�b�T�?�2�`�B�+ �/�2�M�b�B�i�v �2�M�?���M�+�2�K�2�M�i�b �i�?���i �B�M�+�`�2���b�2 �`���/�B�Q �r���p�2

���#�b�Q�`�T�i�B�Q�M�X �P�i�?�2�` �/�B�b�`�m�T�i�B�Q�M�b �Q�+�+�m�` �U�H�B�F�2 �7�Q�` �:�S�a �+�Q�K�K�m�M�B�+���i�B�Q�M�b�V �#�2�+���m�b�2 �Q�7 �B�M�b�i���#�B�H�B�i�B�2�b

�i�?���i �/�2�p�2�H�Q�T �B�M �i�?�2 �B�Q�M�Q�b�T�?�2�`�2�- ���;���B�M ���b �� �`�2�b�m�H�i �Q�7 �+�?���M�;�B�M�; �B�Q�M�Q�b�T�?�2�`�B�+ �/�2�M�b�B�i�B�2�b�X
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���b �T�`�2�p�B�Q�m�b�H�v �K�2�M�i�B�Q�M�2�/�- �i�?�2 �B�K�T���+�i�b �Q�7 �b�T���+�2 �T�H���b�K�� �/�v�M���K�B�+�b �+���M �#�2 �`�2���/�B�H�v �Q�#�b�2�`�p�2�/

�Q�M �1���`�i�?�X �h�?�2 �+�Q�m�T�H�B�M�; �#�2�i�r�2�2�M �i�?�2 �b�Q�H���` �r�B�M�/�- �K���;�M�2�i�Q�b�T�?�2�`�2�- ���M�/ �B�Q�M�Q�b�T�?�2�`�2 �K���M�B�7�2�b�i�b

�B�M �� �p���`�B�2�i�v �Q�7 �T�?�2�M�Q�K�2�M�� �`���M�;�B�M�; �7�`�Q�K �/���x�x�H�B�M�; ���m�`�Q�`�� �i�Q �T�Q�i�2�M�i�B���H�H�v �/���M�;�2�`�Q�m�b �T���`�i�B�+�H�2

���+�+�2�H�2�`���i�B�Q�M�b �(�8�j�)�X �*�m�`�`�2�M�i�b �7�H�Q�r�B�M�; �B�M �i�?�2 �B�Q�M�Q�b�T�?�2�`�B�+ �`�2�;�B�Q�M �+���M �+�Q�m�T�H�2 �B�M�i�Q �T�B�T�2�H�B�M�2�b ���M�/

�T�Q�r�2�` �i�`���M�b�K�B�b�b�B�Q�M �H�B�M�2�b�- �+���m�b�B�M�; �b�i�`���v �p�Q�H�i���;�2�b �(�R�y�9�)�X �h�?�2�b�2 �+�m�`�`�2�M�i�b �+���M ���H�b�Q �?�2���i �i�?�2 �m�T�@

�T�2�` ���i�K�Q�b�T�?�2�`�2�- �B�K�T�2�`�B�H�B�M�; �b���i�2�H�H�B�i�2�b ���M�/ �K���M�M�2�/ �b�T���+�2 �b�i���i�B�Q�M�b �(�d�e�)�X �S�H���b�K�� �B�`�`�2�;�m�H���`�B�i�B�2�b

�B�M �i�?�2 �B�Q�M�Q�b�T�?�2�`�2 �+���M ���/�p�2�`�b�2�H�v �B�K�T���+�i �b�B�;�M���H �T�`�Q�T���;���i�B�Q�M �U�H�B�F�2 �:�S�a�V �(�R�j�j�)�X �"�m�H�F �K�Q�i�B�Q�M �Q�7

�i�?�2 �B�Q�M�Q�b�T�?�2�`�2 ���7�7�2�+�i�b �i�?�2 �T�`�Q�T���;���i�B�Q�M �Q�7 �H�Q�r�2�` �7�`�2�[�m�2�M�+�v �`���/�B�Q �r���p�2�b ���b �r�2�H�H�X �6�Q�` ���H�H �Q�7 �i�?�2�b�2

�`�2���b�Q�M�b�- �B�i �B�b �B�K�T�Q�`�i���M�i �i�Q �m�M�/�2�`�b�i���M�/ �?�Q�r �i�?�2 �+�Q�m�T�H�B�M�; �#�2�i�r�2�2�M �M�2���`�@�1���`�i�? �b�T���+�2 �T�H���b�K���b

�2�p�Q�H�p�2�b�X

�a�m�#�b�i�Q�`�K�b ���`�2 �Q�7 �T���`�i�B�+�m�H���` �B�M�i�2�`�2�b�i �#�2�+���m�b�2 �i�?�2�v ���`�2 �� �+�Q�K�K�Q�M�H�v �Q�+�+�m�`�`�B�M�; �T�?�2�M�Q�K�2�M�Q�M �(�R�e�)

�i�?���i �`�2�T�`�2�b�2�M�i�b �� �/�`���K���i�B�+ �B�M�+�`�2���b�2 �B�M �i�?�2 �2�M�2�`�;�v �i�`���M�b�7�2�` �#�2�i�r�2�2�M �K���;�M�2�i�Q�b�T�?�2�`�2�@�B�Q�M�Q�b�T�?�2�`�2

�b�v�b�i�2�K�b�X �J�Q�b�i �+�Q�M�p�2�M�i�B�Q�M���H �K�Q�/�2�H�b �Q�7 �b�m�#�b�i�Q�`�K �/�2�p�2�H�Q�T�K�2�M�i ���`�2 �B�M�/�2�T�2�M�/�2�M�i �Q�7 �B�Q�M�Q�b�T�?�2�`�B�+

�+�Q�M�b�B�/�2�`���i�B�Q�M �(�9�k�)�X �h�?�2�b�2 �K�Q�/�2�H�b ���`�2 �T�`�B�K���`�B�H�v �/�`�B�p�2�M �#�v �b�Q�H���`�@�r�B�M�/ ���M�/ �K���;�M�2�i�Q�b�T�?�2�`�B�+

�T�`�Q�+�2�b�b�2�b �(�d�y�-�3�e�)�X �h�?�2 �B�K�T���+�i�b �Q�7 �B�Q�M�Q�b�T�?�2�`�B�+ �+�Q�M�/�m�+�i�B�p�B�i�v �?���p�2 �`�2�+�2�B�p�2�/ �b�Q�K�2 �+�Q�M�b�B�/�2�`���i�B�Q�M

�(�e�j�- �N�k�)�- �#�m�i �B�i �B�b �/�B�7�7�B�+�m�H�i �i�Q �b�2�T���`���i�2 �Q�i�?�2�` �b�2���b�Q�M���H �2�7�7�2�+�i�b �U�H�B�F�2 �1���`�i�?�ö�b �/�B�T�Q�H�2 �i�B�H�i �(�R�R�d�)�V

�7�`�Q�K �i�?�2 �b�2���b�Q�M���H �p���`�B���i�B�Q�M �B�M �+�Q�M�/�m�+�i�B�p�B�i�v�X �>�Q�r�2�p�2�`�- �b�Q�H���` �2�+�H�B�T�b�2�b ���M�/ �b�Q�H���` �7�H���`�2�b �Q�+�+�m�`

�B�M�/�2�T�2�M�/�2�M�i�H�v �Q�7 �1���`�i�?�ö�b �b�2���b�Q�M�b�X �h�?�2�b�2 �2�p�2�M�i�b �i�?�2�`�2�7�Q�`�2 �T�`�Q�p�B�/�2 �� �b�2���b�Q�M���H�H�v ���;�M�Q�b�i�B�+ �p�B�2�r

�Q�7 �?�Q�r �B�Q�M�Q�b�T�?�2�`�B�+ �+�Q�M�/�m�+�i�B�p�B�i�v �K���v �B�K�T���+�i �b�m�#�b�i�Q�`�K �/�2�p�2�H�Q�T�K�2�M�i�- ���M�/ �K�Q�`�2 �#�`�Q���/�H�v�- �b�Q�H���`�@

�r�B�M�/�@�K���;�M�2�i�Q�b�T�?�2�`�2�@�B�Q�M�Q�b�T�?�2�`�2 �+�Q�m�T�H�B�M�; �B�M �;�2�M�2�`���H�X
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�J�m�+�? �Q�7 �i�?�B�b �r�Q�`�F �?���b �#�2�2�M �/�Q�M�2 �B�M �+�Q�H�H���#�Q�`���i�B�Q�M �r�B�i�? �K�m�H�i�B�T�H�2 �+�Q���m�i�?�Q�`�b�X �q�?�B�H�2 �A ���K �i�?�2

�T�`�B�K���`�v ���m�i�?�Q�` ���M�/ �Q�7�i�2�M �i�?�2 �b�Q�H�2 �+�Q�M�i�`�B�#�m�i�Q�` �Q�7 �i�2�t�i �i�Q �i�?�2 �K���M�m�b�+�`�B�T�i�b �r�B�i�?�B�M�- �K���M�v �Q�7

�K�v �+�Q�@���m�i�?�Q�`�b �?���p�2 �T�`�Q�p�B�/�2�/ �T�`�Q�Q�7�B�M�; ���M�/ �`�2�7�B�M�2�K�2�M�i �i�Q �i�?�B�b �r�Q�`�F �B�M �Q�i�?�2�` �r���v�b �/�2�b�+�`�B�#�2�/

�#�2�H�Q�r�X �*�Q�M�i�`�B�#�m�i�B�Q�M�b �B�M�+�H�m�/�2 �U�B�M �Q�`�/�2�` �Q�7 ���T�T�2���`���M�+�2�V�,

�*�X �_�Q�#�2�`�i �*�H���m�2�`�- �S�?�.�X �>�2 �r���b �K�v �T�`�B�K���`�v ���/�p�B�b�Q�` ���b �r�2�H�H ���b �� �+�Q�@���m�i�?�Q�` �7�Q�` �*�?���T�i�2�`�b�j�-

�9�- ���M�/�8�X �>�2 �+�Q�M�i�`�B�#�m�i�2�/ �;�`�2���i�H�v �i�Q �/�2�p�2�H�Q�T�B�M�; �K�v �r�`�B�i�B�M�; �b�i�v�H�2 �i�?�`�Q�m�;�?�Q�m�i �2���+�? �K���M�m�b�+�`�B�T�i�-

���M�/ �?���b �#�2�2�M �� �7�Q�M�i �Q�7 �r�B�b�/�Q�K �`�2�;���`�/�B�M�; �;�2�Q�b�+�B�2�M�+�2 �B�M �;�2�M�2�`���H�X

�J�B�+�?���2�H �.�X �>���`�i�B�M�;�2�`�- �S�?�.�X �>�2 �r���b �K�v �T�`�B�K���`�v �ô�m�M�Q�7�7�B�+�B���H�ô ���/�p�B�b�Q�` ���b �r�2�H�H ���b �� �+�Q�@���m�i�?�Q�`

�7�Q�` �*�?���T�i�2�`�b�j�-�9�- ���M�/�8�X �>�2 �B�b �+�`�2�/�B�i�2�/ �7�Q�` �+�Q�Q�`�/�B�M���i�B�M�; �i�?�2 ���M�i���`�+�i�B�+ �1�+�H�B�T�b�2 �Q�#�b�2�`�p���i�B�Q�M

�+���K�T���B�;�M ���M�/ �7�Q�` �?�B�b �b�m�T�2�`�# �+�Q�T�v�@�2�/�B�i�B�M�;�X �>�2 �?���b �`�2�K���B�M�2�/ �� �+�Q�M�b�i���M�i �b�Q�m�M�/�#�Q���`�/ �7�Q�` �b�+�B�@

�2�M�i�B�7�B�+ �B�M�p�2�b�i�B�;���i�B�Q�M�b ���M�/ �B�b ���M �2�p�2�`�@�7���B�i�?�7�m�H �?�v�T�2�@�K���M�X

�w�?�Q�M�;�?�m�� �s�m�- �S�?�.�X �>�2 �T�`�Q�p�B�/�2�/ �K�m�+�? �Q�7 �i�?�2 �i�2�+�?�M�B�+���H ���M�/ �H�Q�;�B�b�i�B�+���H �b�m�T�T�Q�`�i �i�?���i �K���/�2

�i�?�2 ���M�i���`�+�i�B�+ �i�Q�i���H �b�Q�H���` �2�+�H�B�T�b�2 �+���K�T���B�;�M �T�Q�b�b�B�#�H�2�- ���b �r�2�H�H ���b �+�Q�T�v�@�2�/�B�i�B�M�; �Q�M �*�?���T�i�2�`�b�j

���M�/�8�X �>�2 �B�b ���M�Q�i�?�2�` �b�m�T�2�`�# �?�v�T�2�@�K���M�X

�u�m�t�B���M�; �S�2�M�;�- �S�?�.�X �>�2 �T�`�Q�p�B�/�2�/ �B�M�i�`�Q�/�m�+�i�Q�`�v �i�2�t�i �m�b�2�/ �B�M�j�- ���b �r�2�H�H ���b �K�m�+�? �M�2�2�/�2�/
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