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Distance from Jupiter [AU]
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Table 3.1 : Time-evolution of Frequencies, Galileo Orbit-by-Orbit

Orbit, Date, Day-of-year Frequency Notes

G1, 1996: 80 { 214 10 hr, 5 hr
G2, 1996: 214 { 281.6 10 hr & 5 hr equal strength, clean
C3, 1996: 281.6 { 332.9 5 hr, clean, mushy 10 hr
E4, 1996: 332.9 { 1997: 5.1 10 hr, 1st modulation hint
E6, 1997: 36.0 { 73.2 10 hr
G7, 1997: 73.2 { 111.5 1st clear modulation
G8, 1997: 111.5 { 153.5 5 hr (no 10 hr or modulation)
C9, 1997: 153.5 { 220.2 messy
C10, 1997:220.2 { 286.5 clear modulation
E11, 1997:286.5 { 336.0 strong 10 hr & 5 hr
E12, 1997: 336.0 { 1998: 13.0 Io, only hint 10 hr & 5 hr
E14, 1998: 65.0 { 122.0 strong 10 hr & 5 hr & 2.5 hr(?)
E15, 1998: 122.0 { 178.0 only hint 10 hr
E16, 1998: 178.0 { 236.0 many small humps, equal strength
E17, 1998: 236.0 { 299.0 hint Io, 10 hr & 5 hr, other humps
E18, 1998: 299.0 { 363.0 strong Io, strong modulation, little data(!)
E19, 1998: 363.0 { 1999: 78.0 unknown feature at 16 hr
C20, 1999: 78.0 { 155.0 strong Io, only hint 10 hr & 5 hr
C21, 1999: 155.0 { 204.0 no distinguishable features
C22, 1999: 204.0 { 242.0 strong Io (`split')
C23, 1999: 242.0 { 271.0 only Io, 10 hr & 5 hr disappeared
I24, 1999: 271.0 { 307.0 only hint Io, 10 hr & 5 hr disappeared
I25, 1999: 307.0 { 341.1 almost all Io (hints 10 hr, 5 hr, 2.5 hr)
E26, 1999: 349.1{ 2000: 4.1 peak at 25 hr swamps all
I27, 2000: 28.2 { 53.5 almost all Io (no 10 hr)
G28, 2000: 97.2 { 142.2 almost all Io (10 hr, 5 hr shifted?)
G29, 2000: 363.0 { 2001: 71.6 Io, 10 hr, 5 hr, modulation, mushy, 3.5 hr(?)
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Power Spectral Density

max: 0.6 /day, center: 0.7 ± 0.2  /day 

center: 1.7 ± 0.2 /day 

center: 2.4 ± 0.1 /day 

center: 3.1 ± 0.1 /day 

center: 4.0 ± 0.3 /day 

center: 4.9 ± 0.1 /day 
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� �'¤'� £����8��� ��Ö��'¤�¦ �[� £=�´ØÙ§�Ú'Ú�§�� £=>©¨� £¬§ÓØ@�A��¤�¦� � p\[� � ��Ý n | � �2� s lKâ ��� t �N����� Ý Ü z n�à¼n�® � pdn ÜdÜ Ý ����Ü q � p | z n Ü n �^��� à��8p � ��� pdpfn � | � �»Ý ��� Ý �/� � � | ���Ü Ý � µ | z n ��Ý n � à»q ���N� |[Ý ��� ¨
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W�� n | �ä� � � � � q � � �¹� p[� | � p � à©� | �N�á� � p_[� � �ÿÝ � P � z [� Ü � � � à�� � à | z n Ý p �^� 	 y � pZ�8n�p Ü s � � p_[� � ��Ýn | � ��� lâ ��� ��� � p_[� � ��Ý lâ8â ± ��� � p_[� � ��Ý lâ�â ° �8� P � z [� Ü � �G� � p_[� � ��Ý lâ�â<� � P � z [� Ü � ��� � p_[� � ��Ýlâ�â8â t ��Ü n;4&C { ¿ � � � � à . C { ¿ ± �8n&8 Ý � | z n Ý p Ü Ý �~��� � |[Ý ����Ü q � p | z n�pdn � n � � � | � � | n�p Ý � � 	à�n � n � à�n � | � �8pd� � n | n�p Ü^�±7²�³ ´ µ*¶�·�¸�·Z¹7º»·:¶�¼ ½G¾M¿#À�ÁÂ¿:·OÃ\¸ÄÃ\ÁÆÅ�Ç1ÈÉÃ_º�Ê9·�ÁaÊÌË¢·�¼ÍÀ�Î
W���Ü | n^ð � Ý � Ý � p Ý �N���¹� | n � |[Ý � � Ý Ü pdn^� � z n^à y0z n � | z n Üd�N�o� qû� ���¥� q | z n � z �8pfµ Ý � µ ��� pdpfn � | Ü Ý Ü� n�p ��� Û z n(à ��� Ý � � � | n � n � | p ���»� � � | � pfn�q�p ��� | z n ��� � Üf� � � nK�áà Ü | �Ù� n^µ"� |dÝ � n � z �8pdµ8n Ü � � � à| z n � | z n�p � z �8pfµ Ý � µ � p ��� n ÜdÜ n Ü ¨ Ý ����� � � | � pfn8� Ü n �^��� à��8p � n � n � | p ��� n � Ý ÜfÜ Ý ��� � � à � z � | � 	n � n � | p �8� n � Ý ÜfÜ Ý ��� �©q � � Ý � Ý*| � | n �·��Ü Ý�|dÝ � n ��� pdpfn � | Ü�� B n �^��� à��8p � n � n � | p �8� � � à � z � | � n � n � | p ���n � Ý ÜfÜ Ý ����� z �8pdµ Ý � µ � p ��� n ÜdÜ n Ü �8pfn z Ý µ z � � � � | n^p Ý � � àNn � n � à�n � | � Ï q | z n � z �8pfµ�n^àéà ��Ü | � �8p�	|[Ý �^� n Ý Ü´���ÿ� � | n�à Ý � � z Ý µ z 	Tn � n^pfµ � � p z Ý µ z àNn ��Ü Ý�|T� pdn^µ Ý ����� q<� ��� � � n | �8p � � �8µ � n | �8Üd� z n�pdná�Üd�N� z � Ü0� nK�áp Ï �Nç Ü�� p � Ý�|0Ý � | z n P � � Ý � ��� �8µ � n | �8Üd� z n�pdná� � p Ý � ï��áp | z µ�n ��Ü � ��� z p �������NÜ�� p3	� Ý*| � p Ý � � ��� � � n | �áp � � �8µ � n | ��Üd� z n^pdn ç Ü���� � Üf� � Ü z n�n | � | z n ���N� � Üf� � � �8p |dÝ ��� n Ü(� � � � n� z �8pfµ�n^à �¹��Ü Ý*|[Ý � n � � � p � n�µ"� |dÝ � n � � �Û z n |[Ý � n | � � � ð � Ý pfn | z nªn^ð � Ý � Ý � p Ý ���I� z �8pdµ8n � � � � n ����� µ8n^p | z � � | z n�ý Ý µ z |å| p[�u%fn � | � p �|[Ý � n � q | z n � �áp |[Ý �^� n8� | z n^pdn�q � pdná� Ý�| çèÜ y � p | z"y0z Ý � n | � Ý �"� n Ü |dÝ µ"� | n¬n�ð � Ý � Ý � p Ý ���ê� z �ápdµ Ý � µ



³ �þíÿ� ï�ð � Ý � Ý � p Ý �N� � � | n � |dÝ � � � ² z �8pfµ Ý � µ ÛßÝ � n Ü ° ³
|dÝ � n Ü^� ¶$Ý p Ü | � Ï à�n Üf� p Ý � n | z n � n | z � à-� | z n � Ï µ Ý � n � � pfn Üf��� | Ü q � pän�ð � Ý � Ý � p Ý ���:� z �8pdµ Ý � µÝ � P �N� Ý�| n^p çèÜ0� �áµ � n | ��Üd� z n^pfn �Û z n | z n � pdn |dÝ � � � � z �8pdµ Ý � µ |dÝ � n | � pdn^� � z n^ð � Ý � Ý � p Ý �����¹� | n � |dÝ � � Ý Ü ¨Ï 6 õ {ÑÐÐÐÐmÒ Ó ÐÐÐÐ { ÐÐÐÐÐ ¿�ÔhÕ  ñJÖÓ ÐÐÐÐÐy0z n�pdn Õ  Ý Ü | z n � n�p � Ý�|d|dÝ � Ý�|T� � qkq�pfn^n Üf� � � n8�M× Ý Ü | z n � �8p |dÝ ��� n çèÜ0� z �8pfµ�n �¹� | n � |dÝ � � � � � à ñÝ Ü | z n � �8p |[Ý ��� n ç Ü p[�8à Ý ��Ü^� Û z nÙà�n ���8� Ý � � | � p Ý Ü | z n | z n�p � � � n � n � | p ��� � � à Ý ��� ý � ® �¹��� 	� �ápdà Ý � µ | z n � �8p |[Ý �^� n � N?n � n^p[� ��� �»| z n � z �ápdµ Ý � µ |dÝ � n Ý ��� pfnK� Ü n Ü y Ý*| z à�n � pfnK� Ü Ý � µ � �áp |[Ý �^� npd�8à Ý�Ý ñ � � ��� p � ® Ý � � | n � �ãÝ �"� n^p Ü n � � � p �8�·� p |[Ý ��� � � ¨ Ï 6 õÆØ ñ ü Å �Ï �Ù� � n^ð � Ý � Ý � p Ý �N���·� | n � |[Ý � ��� � ���^��� � |[Ý ����Ü � Ï � � ���^��� � | n´� � n �/� Ý p Ý � � � � z �8pfµ Ý � µ |dÝ � n

Ï { s ¯5Ù�Ú�Û�Ü0Ý Ùft��� s�Þ t s Ü n � ty0z n�pdn Ù�Ú�Û�Ü¥Ý Ü | z n |dÝ � nªq � pû� � �8p |[Ý ��� n ç Ü<�·� | n � |dÝ � � | � pdn^� � z � � n^ð � Ý � Ý � p Ý ��� � Ý � n � � | z n � pdn Ü n � |�¹� | n � |[Ý � � à � n Üª��� | � z � � µ�n�q�p ��� | z n � pdn � Ý ����Üª� � ��� n � � ��� pfn | z � � � � Ý ����Üd����� n0� �/����� | �Þ^� y0z Ý � z Ý Ü | z n�� ���^� pd� � � pfnK� � z n^àëq � p ����� z � � µ Ý � µ �·� | n � |[Ý � ��Ü�� ] |T� � Ý � � � Þ { l ± ü�ß � Û z n� �8p Ý � ��� n Ý ÙøÝ Ü | z n |[Ý � n Ý ��� pdn � n � | q � pßn^� � z �¹� | n � |[Ý � �-� � ���^�N� � |dÝ ���-�Ï q Ï ����� |ª| z n �·� | n � |[Ý � �©� � ��� n Ü � | z n � | z n � n � n � | � � ��� � pdn^� � z � �N��� z � � µ Ý � µ � � ��� n8� Ü n^n �� Ü ��ý � | �N� � | nK� �-� Û z n � n�® | º µ � pdná� ¶$Ý µ � ³ � l � Ü z � y Ü � � n@®�� ����� n � qû� �¹� | n � |[Ý � � pfnK� � z Ý � µn�ð � Ý � Ý � p Ý ���¸�Ï � � ������� � | n^à | z n � z �ápdµ Ý � µ |[Ý � n Ï q � p0à Ý "·n^pfn � | pdn^µ Ý ����Ü Ý � P �N� Ý�| n^p çèÜ�� �8µ � n | ��Üd� z n^pdná�à�n º©� n�à � �Ë| z n ��� � Üd� � � �8pd� � n | n�p Ü à�n Üf� p Ý � n^à Ý � | z n � pdn � Ý ����Ü¼� z � � | n�p^� � � º ® Ý � µ �� �áp |[Ý �^� n Ý �¬��� n ����� � |[Ý �8� �¹� � à | z n � �N� |[Ý � µ | z n |dÝ � n | � pdn^� � z n�ð � Ý � Ý � p Ý ��� à � p Ý � µã� l ± 	z �8� p |[Ý � n¸à � pd� |[Ý ���-� Ï q | z n � �áp |[Ý �^� n¬à Ý à �-ç | pdn^� � z n^ð � Ý � Ý � p Ý �N� Ý � | z � |ã|dÝ � n8� | z n � ÏÜ | ����� n^à | z n | n Ü | � Ï � | z Ý Ü�Ü | � à � � Ï ��Ü n^à | z nßq ������� y Ý � µ Ü n | � q � �8p |[Ý ��� n � � | n^p Ý � �N� p ��� n^p |[Ý n Ü� � à Ü n �^�8� à©�8p � n � n � | p ��� � � à � z � | � n � Ý ÜdÜ Ý ���»� �8p[� � n | n^p Ü q � p0� l ±��N� 	 Ü Ý�� n^à � �8p |[Ý �^� n �
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\�u���� /ÿ° � l ± ¶ �8pøq�p ��� n^ð � Ý � Ý � p Ý �N�°`/ l ± l /Ní z p Ï � n�ð � Ý � Ý � p Ý ���s Ï Ý ��� pdn^� Ü Ý � µ � Ý � nK�8p � � y , p[�áà Ý ��Ü q�p ��� P ��� Ý�| n�p tl ±`/ l í l ,�íu/ l z p Ï � n�ð � Ý � Ý � p Ý ���s Ï Ý ��� pdn^� Ü Ý � µ � Ý � nK�8p � � y , p[�áà Ý ��Ü q�p ��� P ��� Ý�| n�p tl íu/ÿí8± l /Ní z p ' n^�8p � � n^ð � Ý � Ý � p Ý ���s Ï Ý ��� pdn^� Ü Ý � µ � Ý � nK�8p � � y , p[�áà Ý ��Ü q�p ��� P ��� Ý�| n�p tí8±`/ � ± íu/ � z p Ï � n�ð � Ý � Ý � p Ý ���s Ï Ý ��� pdn^� Ü Ý � µ � Ý � nK�8p � � y , p[�áà Ý ��Ü q�p ��� P ��� Ý�| n�p t� ±`/ ¿ ± � / ¿ z p ' n^�8p � � n^ð � Ý � Ý � p Ý ���s Ï Ý ��� pdn^� Ü Ý � µ � Ý � nK�8p � �Nt¿ ±`/ ³ ± ¿ / ³ z p Ï � n�ð � Ý � Ý � p Ý ���s Ï Ý ��� pdn^� Ü Ý � µ � Ý � nK�8p � � y , p[�áà Ý ��Ü q�p ��� P ��� Ý�| n�p t� ³ ± � l ± W�� n Üd�-ç | pdn^� � z n�ð � Ý � Ý � p Ý ���
Ï � Üd���/� �8p � � | z nÙà ��Ü | � �8p |dÝ ��� n y Ý*| z Ý � P ��� Ý�| n�p çèÜ�� �8µ � n | ��Üf� z n^pfn � n^n�à�n^à l / ³ z ��� p Ü| � pdn^� � z n^ð � Ý � Ý � p Ý �N�:�·� | n � |dÝ � �2� Ï � | z n ��� � Üd� � ����� à Ý*|[Ý �8��Üa� q | z n Üd��� �8p y Ý � à-� | z n�à ��Ü |



³ � � �\W��8� Ý � � � | ²�� pfpdn � | Ü ° �
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æG�H� � |~�4�K³ Þ ��| � � æU� �.��ß � � ³�³ � ³ Þ �,| � � � µ�² � ¢	| � � à �.���V�I�K´K³ �O� � � ´I��| Þ �Y³�� � � � µ��J� Þ �,| � � � µ� � ´I�,| Þ �Y³§��|4Áy³�Íæ Þ �E� � � ´K³K� � ³ à âL� �O� | Þ ��µ � ´ � � � ´I��| Þ �4³ � µ õ û ³ à Þ ��� ´�{G³M� � � � ³ à â*� �O� | Þ �
� µ � � � ´��,| Þ �4³ ß |2� �N� ¢ � ´�| � Þ.�4³ Þ �J� ´�{G³�/æx|X�~�~�#�I�_´ � �_³ � ´ � �.{G³ � µO� � ´��,| Þ �4³���|4Á�³���PD� � ³Q�K´ � ¢G³=�
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Dust Trajectory from Io, potential fixed at +3V
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Figure 6.1 : Trajectories for Jovian dust stream particles of di�erent sizes, carrying a

�xed potential of +3 V. The small numbers in the �gures indicate the particle's radius in

nanometer.
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Dust Trajectory from Io, Variable Charge
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Figure 6.2 : Trajectories for Jovian dust stream particles of di�erent sizes, with a variable

charge.

To see the `z-direction e�ect': notice that a particle of size 7 nm and �xed charge

is ejected in the +z direction and a particle of the same size, but with variable charge,

is ejected in the -z direction. Slightly larger particles: 11 nm, 20 nm, 35 nm, 50 nm

are ejected in the negative +z directions for the �xed charge cases, and in the positive

+z directions in the variable charge cases. Particles of sizes 120 nm and 180 nm are

ejected in the +z direction for �xed-charge-particles, and ejected in the -z direction

for variable charge particles.
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ØA· v ��� ���K³y´�Ç��È Ô � � º�| Þ ¾
ê �SöÚ|~{�Ò�´K³�¾aÇ�_� � ��ÈjÇ��Ç�Ð ê ¾ � ¹�Ó � � ³´ � �,|h¹V¹=µ\� � ³ À ¹G´0³8�A�_Á�µÖ¹G´ Þ ³M��¹6� � ³V{=´ � ¼	|h� � �,|Y¹�� � ÌµÖ¹G´ Þ ³�µÖ¹G´M� � ³8¾0³n�GÓÏ¹S� � ´��,| Þ8Ì ³�¾f¹=µoÈ.|hÉ�³y´0³8�A�Àº � �_³�´�| � Ì �,´�¹���³y´��,|4³�¾8 Æ:� ³n��¹���ÐWº�|YÈJÈ Ì ³ � �JÈÑ#¹�����¹�º � � ��³ Ì ¾ Þ ¹=´K´K³�¾��#¹��JÈn��¹f� � ³^¾ � º�³l¾�|4Á�³8¾ � ¾´� � ³u��´0³�¼	|Y¹�ÒJ¾Ï�GÓ´¹ õ {�Ò�´K³�¾bÂFöÚ|X{JTÇ�_Õ � �JÈöÚ|X{JÆÇ� û Å'j÷o³K¾K³�³q� � ³�³ ÍTÞ Ò�´I¾�|Y¹��J¾l¹=µD� � ³b´ � �,|Y¹�¾mÑ�³��GÓ:³y³��õ� � ³ À ¹G´K³��A�_Á � �JÈã{=´ � ¼	|h� � �,|Y¹�� � ÌµÖ¹G´ Þ ³8¾�ÐÂÓë|h� � � � ³ÀÑ�¹�����¹�º � � �,³ Ì | ÌhÌ ÒJ¾��_´ � �,|h�.{6� � ³Q¾�|2��Ò � ��|Y¹��õÓ � ³8� � � � ´I��| Þ8Ì ³³8¾ Þ � ��³8¾u� � ³º � {���³'�,| Þ:õ ³ Ì È� Æ:� ³�¾ ��� ´��e´�|Y¾K³ � �JÈQ��³ � î�|h�f� � ³O�GÓ´¹qÑ#¹��I��¹�º�³O� � �,³ Ì ¾�|h¾pÈ�³���³��JÈ�³8�A�´ÒJ�#¹��� � ³ Ì ¹ Þ � �,|Y¹��r¹6µp� � ³qº � {���³���¹�¾�� � ³y´0³qÑ#¹�ÒJ�JÈ � ´ Ô ÇO� � ³2´�|Y¾0³q¹ ÞyÞ Ò�´�¾oÑ�³'�GÓR³�³8� û\Ý � �JÈS� Ý�÷�ø Ð� �fÓ � | Þ � �#¹E|Y�A�¥Ðp� � ³?� � ´I�,| Þ8Ì ³C|Y¾M¾�ÒJÈJÈ,³8� Ì2Ô �J¹ Ì ¹��.{G³�´�|Y�N� � ³¥²�¹�¼	| � � º � {��,³���¹�¾�� � ³�´K³ Â �Ñ#¹�ÒJ�JÈ � ´ Ô ê |Yº6��¹�¾0³C|h�N� � ³?È Ô � � º�| Þ � Ì ¾�|YºfÒ Ì � ��|Y¹��DÅ� Æ:� ³?� � ´��,| Þ8Ì ³6Óë|h� � ïz|�ì^ïfº � �K³y´�| � Ì��´I¹���³�´I��|4³8¾Ú|Y¾ Þ � ´K´ Ô |Y�.{ �^� |~{ � ³�´ Þ ��� ´�{G³O�#¹��K³8�A�,| � Ì Â � �JÈ � ¾Iº � ÌYÌ ³�´ ç Ï6¶¥Å�Ð�Ó � ³8�/|2��³8¾ Þ � ��³8¾�Ð� �J� �K� � ³j� � ´I��| Þ�Ì ³pÓë|h� � ï�ìlíjº � �K³y´�| � Ì �,´�¹���³y´��,|4³�¾8 � ¹�Ó�³ Í � º&|h�.|Y�.{:� � ³jÓë|h�JÈJ¹�Ó�¹6µJ� � ´��,| Þ8Ì ³¾�|YÁy³�¾8Ð�µÖ¹G´OÓ � | Þ � Þ ��� ´�{G³�È!ÈJÒ�¾I�m� � ´��,| Þ�Ì ³�¾ Þ � �¥³8¾ Þ � ��³�GIHKJ�LMLMN0O,PRQRSTJ&U�VWGIUYXZN\[^]_Sa`@b)N0c$P4UM]dVÆ ¹ õ �JÈn� � ³ 3'k6ä�å�å Ú 3'Û {G´ � |Y�?¾�|4Á�³aµÖ¹G´�{G´ � |Y�f³ � ³ Þ �,|h¹���Ð�¾�� � ´��OÓë|h� � � � ³U{ Ô ´ � ��|Y¹��?¹6µ � �,|Y� Ô{G´ � |Y� � Ì ¹��.{�²�ÒJ�#|h�_³�´8Êë¾�º � {���³���| ÞVõ ³ Ì È Ì |h��³8¾bÂM�o¹G´�Ã� � Ô |pÄ¥ø�øGÇ�@;Å�Ë

Ð)egf Ö ú ÿÿÿÿÿ h ¶i#ç ò ÿÿÿÿÿÓ � ³�´K³ ò ú òj! Â ¹ ÎGÏ6Ð6Å ÿ |h¾�� � ³]º � {���³���| Þaõ ³ Ì È{µÖ¹G´ � � � Ì |~{��,³8È Þ ³��A�_³y´0³8Èõº � {��,³��,| Þ È.|h��¹ Ì ³�Ð� �JÈ h Ð,µÖ¹G´ � � � ´I�,| Þ8Ì ³T|Y� � Zr³8� Ì ³y´�¹G´�Ñ#|h�Ý|h¾bÂ��o¹=´ÆÃ� � Ô |pÄ�ø�øGÇJ@;Å'Ë
h ú Ð ölknm Â�Ì�ÍlÎGÅÆÏ6Ð

ö�¹G´V³ Í � ºV� Ì ³�Ð � � ê ¹JÊñ¾ Ì ¹ Þ � �,|h¹���Â^´ ú �Lñø ÷�ø Å'Ð h ú �L_¿�· û Ä Ý î Þ º ¾ /�1 À½!¹G´ õ�ÌYÌ ³�� � Ì pÂJÄ�ø�Ø Ý @;ÅÈ�³�¾ Þ ´�|YÑ�³	� � ³?ºV¹��,|Y¹��N¹=µ:��|Y� Ô {G´ � |Y�J¾qÑ�¹�Ò��JÈH��¹!� � ³?º � {��,³��,| Þ�õ ³ Ì È Ì |Y�,³6Óë|2� � � E$o ÜÝ4�Ü�à E- Ú à�Û Ú âMä'éAé#â�Þ�;�Ü�k6ä�ÛÝÜßÞÄà ÐLÓ � | Þ � |h¾O¼ � Ì |hÈk|Yµ¡ËÐ)egf Ö ÿÿÿÿqp òò ÿÿÿÿ E Ýr% Äïz|h� Þ ³ts p ò Ï ò s ú Õ\Ï�Ð |Y� � � ³j³)� Ò � ��¹G´�| � Ì � Ì � ��³ ¹6µ � � � Ì |~{���³8È Þ ³8�A�_³�´K³�È È.|h��¹ Ì ³�Ð:� � ³8�Ð)egf Ö ÂFÕ\Ï6Ð6Å E Ý.% Ä� Æ:� ³�´K³�µÖ¹=´K³�ÐÄÓR³ Þ � �q¾I¹ Ì ¼=³�µÖ¹G´�� � ³®{G´ � |h�|´ � È.|hÒJ¾8Ð�Ð)e Ö Ð�µ^´I¹�º � � |Y¾�³ Í ��´0³8¾I¾�|Y¹���Ð¾�Ò�ÑJ¾I��|h��ÒL�,|Y�#{^� � ³ë{G´ � |Y��Êë¾pÈ�³��J¾�|2� Ô ébµÖ¹G´�¶ Ð � �JÈQ¾IÒJÑJ¾I��|h��Ò��,|h�.{^� � ³ë{G´ � |Y�`Êñ¾p¾IÒ�´0µ � Þ ³:�#¹��_³�� ��| � Ì[oµÖ¹G´O� � ³4{=´ � |h��Êñ¾ Þ �J� ´�{G³�Ë ç ú Âß[�Ï�Õ ÝGÝ Å�Ð)e Ö Ë



Ç�_·L�¸ � ³ Þ �,|h¹��!µ^´�¹�º»� � ³�²�¹�¼	| � �!½ � {���³���¹�¾�� � ³y´K³ Ø�Õ
ÿÿÿÿÿ h ¶i#�Ð ÿç ò"!;¹ ÿÎ ÿÿÿÿÿ ÂÖÕ\Ï6Ð=Å E Ýr% ÄÐ ÿe Ö h é û 26#cÐ ïç ò"!c¹ ÿ Î E Ýr% Ä
Õ Ý=Ý Ð ïe Ö h é û 2B#�Ð ï[ ò"!c¹ ÿ Î E Ýr% Ä

Ð,e Ö ú u Ýr% Äg[ òj!;¹ ÿ ÎÕ ÝGÝ h é û 26#cÐ ï4v@wxÆ:� ³Q¾�º � ÌhÌ ³8¾��Í{=´ � |h� ¾�|4Á�³2µÖ¹G´V³ � ³ Þ �,|Y¹�� ÒJ¾�|h�.{n� � |h¾V³ Í ��´0³8¾�¾�|Y¹��jµÖ¹G´o� � ³�ïz| ì^ïu� � ´I��| Þ�Ì ³�|h¾øT�Jº � ��ÈáµÖ¹G´u� � ³�ïJìoí6� � ´I��| Þ�Ì ³�|Y¾K¿* û �Jºr=�:³ Þ � ÒJ¾K³6� � |h¾b³ Í ��´K³�¾�¾�|h¹��Hº � î6³8¾K¾�|Yº6� Ì | õ ³�È� ¾I¾�ÒJº6����|Y¹��J¾�µÖ¹G´a²�ÒJ�.|2�_³y´�Êñ¾mº � {���³'�,| Þrõ ³ Ì È�Ð#¹���³]Ó´¹�Ò Ì È!�J¹��a³ Í ��³ Þ � � Þ8Ì ¹�¾K³Kº � � Þ � ��¹V� � ³� ÒJº�³y´�| Þ � Ì ´0³8¾IÒ Ì ��¾8 � ³�¼G³�´I� � ³ Ì ³8¾�¾�Ðo� � |Y¾ Þ ¹�º6� � ´�|Y¾I¹�� ¾ � ¹�Ó�¾?� ��� �	� � ´��,| Þ�Ì ³�¾6Óë|2� � Â Ì ¹�ÓR³�´³ Ì ³ Þ �_´I¹���þ?|h¹��þ|Yº6� � Þ �a³���³y´�{ Ô Ð Ì ¹�ÓR³�´^¾K³ Þ ¹��JÈ � ´ Ô ³ Ì ³ Þ �K´�¹�� Ô |4³ Ì ÈDÅ�º � �_³y´�| � Ì ��´I¹���³y´I��|4³�¾T{E|h¼=³´�|Y¾K³^��¹Q¾�º � ÌYÌ ³y´O� � ´I�,| Þ8Ì ³8¾:Ñ�³�|Y�#{�³ � ³ Þ �_³8È!µ^´�¹�º � � ³�²�¹�¼	| � �!³�� ¼	|Y´�¹��Jº�³8�A�8ê �¥Êë¾ÀÒJ¾0³�µÖÒ Ì ��¹ î �J¹�Ó � � ³ Þ ��� ´�{G³'Çß��¹�Çeº � ¾�¾´ � �,|h¹0¹=µ:� � ³?�GÓÏ¹S� � ´I�,| Þ8Ì ³8¾8Sö�¹G´K� � ³{ïz|�ì^ï� � ´I�,| Þ8Ì ³ � �V� � ³r��¹E|h�A�6Ó � ³y´K³r� � ³ À Çm´ � �,|h¹<|h¾6� � ³ � |~{ � ³8¾I�vÂ*|h� � � ³�ÇN�Jº È.| � {G´ � º!Ð�|2�&|h¾º � ´�î6³8ÈnÑ Ô � ��³ � î � � À ú Õ�Õ ÝGÝ Å�Ð*� � ³ Þ ��� ´�{G³'Çß��¹�Çeº � ¾�¾t´ � �,|h¹�|Y¾�Äg·�øA�Mv�î�{ /�1 Wö�¹G´j� � ³rïJìoí� � ´I�,| Þ8Ì ³ � �Q� � ³T�#¹E|Y�A�QÓ � ³y´0³r� � ³ À ´ � ��|Y¹á|h¾Q� � ³ � |~{ � ³8¾I�iÂ�|Y� � � ³ û �JºXÈ.| � {G´ � º!Ð�|h�/|h¾º � ´�î6³8ÈrÑ Ô � ��³ � î � � À ú^û ØA� Ý Å�ÐL� � ³ Þ ��� ´�{=³'Çe��¹�ÇGº � ¾I¾�´ � ��|Y¹�|Y¾ û�û ØA·QvÃî�{ /�1 y J&S4z_N.O{P|QRSTJ&U�VWGIUYXZN\[^]_Sa`@b)N0c$P4UM]dVÆ ¹uÈ�³y´�|h¼G³O� � ³ å2ä�â E*Ú 3'Û {G´ � |Y�q¾�|YÁy³tµÖ¹G´{G´ � |h�³ � ³ Þ ��|Y¹���Ð ê Ñ�³�{E|h�MÓë|h� � Zr´�|h¼�¹�¼2³'� � Ì ,Âß· Ý=Ý Ä�Å'Ð� ��È!¾I¹ Ì ¼=³|µÖ¹=´�Ð)e Ö Ë
� ú ç ò"!c¹ ÿ Î öÌ�ÍlÎ$#c¶Ð)e Ö ú u [ òj!;¹ ÿ Î ö�WÕ ÝGÝ Ì2ÍlÎ+#�éaÂ û Ï�Õ\Å02 v}wxÐ)e Ö ~ � Ýr%�ÝGÝ ��¿�[é��Æ:� ³ Ì � ¾��³ Í ��´0³8¾I¾�|Y¹�� {O|h¼G³�¾ � Þ ¹��A¼G³8�#|4³8�A��´K³ Ì � ��|Y¹���¾ � |h�áµÖ¹G´K� � ³C{G´ � |h�H¾�|4Áy³ � ¾ � µÖÒJ� Þ �,|h¹��¹=µm�#¹��_³��A�,| � Ì Ð\È�³��J¾�|2� Ô � �JÈ�´ � �,|Y¹���ÐWÓ � ³�´K³n� � ³nÒ��.|h�À¹6µu[n|Y¾�|Y��üW¹ Ì ��¾8Ð � ��ÈU� � ³nÒJ�.|2�À¹=µÈ�³��J¾�|2� Ô |Y¾�{ Þ º / ÿ  ê µ6��� ÂJÄ�Ï�·GÅ�Ð�� � ³�{G´ � |Y�ÀÓë| ÌhÌ Ñ�³�³ � ³ Þ �K³8Èfµ^´I¹�ºð� � ³ Þ |4´ Þ ÒJº � ¹�¼z| � �Q¾�� � Þ ³



Ø û v ��� ���K³y´�Ç��È Ô � � º�| Þ ¾
|Y�A��¹�|Y�A�K³y´�� Ì � ��³'� � ´ Ô ¾�� � Þ ³T|h� � � � ´ � Ñ�¹ Ì | Þ ¹G´ � Ô ��³�´�Ñ#¹ Ì | Þ ¹G´IÑ.|h�aÂM� � º�| Ì ��¹���F��ÏÒ,´��J¾VÄ¥ø�ø�Õ�ÐZr´�|2¼�¹�¼o³'� � Ì �· ÝGÝ Ä�Å�Ð�� � ³�´K³�µÖ¹G´K³�ÐW� � ³ � Ñ#¹�¼G³{³ Í �,´K³8¾I¾�|h¹��A{E|h¼=³8¾M� � ³ Ì � ´�{G³�¾I�V{=´ � |h�H¾�|YÁy³fµÖ¹=´³ � ³ Þ ��|Y¹���Æ:� ³ Ì � ´�{G³�¾I��{G´ � |Y�N¾�|YÁy³�µÖ¹G´�³ � ³ Þ �,|h¹�� ÒJ¾�|h�.{õ� � |Y¾³ Í �,´K³8¾I¾�|h¹���µÖ¹G´q� � ³¥ïz|�ì^ïÀ� � ´I�,| Þ8Ì ³&|h¾·TÄ Ý �Jº � �JÈ!µÖ¹G´O� � ³�ïJìoí]� � ´I��| Þ8Ì ³T|Y¾rÄ�¿��f�Jº!
(�)YÙ*)�� +#,¥Ú -'ÛÝÜßÞÄà#7m/ Ú à�3'Ü�ÛFÜ�=�Ü�ÛM�6Û¡Þ6Û�C Ú èSä E à Ú ÛÝÜß-^9WÜ Ú å24 + ;�é�ä�à�3'ÜßÞÄàÆ ¹ Þ ¹��A�,|h�*Ò,³¥³ Í � Ì ¹G´�|Y�.{ � �JÈ Þ ¹�º6� � ´�|Y�.{0� � ³nÈ Ô � � º�| Þ � Ì ³'É]³ Þ ��¾Q¹=µm� � ´I�,| Þ8Ì ³8¾ Þ � ´K´ Ô |h�.{ �¼ � ´�| � Ñ Ì ³ � �JÈ � õ�Í ³8È Þ ��� ´�{=³�Ð ê È,³8º6¹��J¾I�K´ � �K³�Ð6|Y� � � |Y¾u¾0³ Þ ��|Y¹��`Ðs� � ³À� � ´��,| Þ8Ì ³�Êñ¾u¾0³8�J¾�|h��|h¼	|h� Ô��¹V� � ³qº � {���³���| Þrõ ³ Ì Èõº6¹LÈ�³ Ì ÒJ¾K³�Èá|Y�!� � ³fÈ Ô � � º&| Þ ¾ Þ � ÌYÞ Ò Ì � �,|h¹��J¾8 Æ:� ³ Þ ¹�� Þ�Ì ÒJ¾�|Y¹�� � ³y´0³
|Y¾\� ��� � � � � ´I��| Þ8Ì ³OÓë|h� �	� õ�Í ³8È Þ �J� ´�{G³�|Y¾�´0³ Ì � �,|h¼=³ Ì2Ô |Y��¾K³8��¾�|h��|h¼=³���¹K� � ³�³ Í � � �J¾�|Y¹��V¹G´�È,³y´W¹=µ� � ³ÀºV¹*È�³ Ì º � {���³'�,| Þ�õ ³ Ì È�Ð`Ó � ³�´K³ � ¾ � � � ´I��| Þ8Ì ³ Þ � ´K´ Ô |h�.{ � ¼ � ´�| � Ñ Ì ³ Þ ��� ´�{G³ Þ � �SÑ�³M¼=³y´ Ô´K³�¾��#¹��J¾�|h¼G³]��¹À� � ³|³ Í � � �J¾�|Y¹��r¹=µ
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Velocities vs. Distance, Fixed Charge +3V from Io
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Velocities vs. Distance from Io, Variable Charge�
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Velocities vs. Distance from Io, Variable Charge
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