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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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Galileo DDS G28

~22.5 hr

~45 hr

~11.2 hr

Io

27 hr?

20 hr?

Day 217 Day 247

(30 days)
¹Year 2000
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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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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
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 Ýs + ¢Ot?�~� + ��|X}A ÚtOÞ#� + wzy � ��s ��ß v,s8t�v�v,s + à.�E� |~}8t?}�vV�]s8tO-�{O|~}.{<���.-�- + }�v��Ct?- + B tO{EtO|~} Dv,s +á+ � + �=v�- � }!� � �~� + �=v�| � } �=�.-�- + }Hv�tO} à v,s + � + � � } à t?-�â + � + �'v,- � } +�� |~����| � }����.-�- + }Hv�y  Ýs +
� + � � } à tO-�â + � + �=v,- � } +�� |~����| � } �=�.-�- + }Hv�u.�ètWâ	� t - � � + |X} v,s + � � �ètO- ß |X} à � + ��u + ��|~tO�~�Zâ > � -t�u8t?-�v,|X��� + v�s8t?vks8t?��� à | + � + �=v�-�|~���üu#- � u + -Âv,| + � B ¯ � ±#y @¸D y	� � -�v�s.|~��v´âzu +á� > u8t?-�v,|X��� + �Fv�s +u.s � v �	+ � + �=v�- � } +�� |~����| � }ü���.-�- + }�v�|~��tO�~- + t à âh� ��ß y  Ýs + u8tO-Âv,|~�=� + äÖ� +�¬ �.|X�~|~Þ#-�|~� � u � v + }�v�|ètO�
|~� � }.�Xâô±#yq� � ß s + }!v�s + � + � � } à tO-�â + � + �=v�- � } +=� |X����| � } �=�.-�- + }Hv |~��} � vk� � }#��| à#+ - +=à �Í� �
v,s + - + > � - + �Ív,s#|~�0���.-�- + }�v�� � }�v�-�|XÞ.�#v + �ãt?Þ � �zv�
U� � v � v,s +hà �#��v�u8tO-�v�|~�=� + äq� +�¬ �.|X�~|XÞ.-�|X� �
u � v + }�v�|ètO�:y�� � -ÍtC� � } à �#�=v,|X}.{�u8t?-�v,|X��� + B ¯ � @¸D �Kv�s + � + � � } à tO-Ââ + � + �'v,- � } +�� |~����| � }ã�=�.-�- + }Hv
� � }�v�-�|XÞ.�#v + �VtOÞ � �#v

 @�� v � v,s +&+�¬ �.|X�~|~Þ#-�|~� � u � v + }�v�|ètO�:ÿ ß s + } v,s + � + � � } à tO-Ââ + � + �'v,- � }
+�� |~����| � }k���.-�- + }�vx|~���Ìv,�.-�} +�à �Oç �.�#v,s + u.tO-�v�|~��� + äq�Ýu � v + }Hv�|ètO�½|X�Ý�.y � w � y

æ´} � - à#+ -Rv � �]s + �]£&v,s + � + � � } à tO-�â + � + �=v�- � } +=� |X����| � }½äq�®- � � + > � -�v,s + �]s8tO-�{O|~}.{ � > t à �.�Âvu8tO-Âv,|X��� + |X}�v,s + � � �ètO- ß |~} à �ÊæÝ-�tO}þt/v + �Âv > � -xt à �#��vTu.tO-�v�|~��� + �]s.tO-�{E|X}.{�|~}�v�s + � � �èt?- ß |X} à� �#v���| à.+§� > v,s +§« tO-�v�s½äÖ� � tO{O} + v � ��u.s + - + yxæF�WtO�X���.�~t?v +=à ¢ + -�â���| � |X�ètO-�- + ���.�Xv��xv � v,s + tOÞ � ¢ +�Wt?� + > � -�t à �.��v/u8t?-�v,|X��� +C� �#v���| à.+�� > P �.u.|Zv + -�äq� � t?{E} + v � ��u#s + - + y�� � -�t à | + � + �=v�-�|~�&u8tO-Âv,|Z���� + ��v,s + � + � � } à tO-�â + � + �=v�- � } +�� |~����| � }����#-�- + }HvÝ� � }Hv�-�|~Þ#�#v + ��
 � y�w � v � v,s +Íà �.�ÂvÝu8tO-Âv,|X��� + äÖ�
+�¬ �.|X�~|XÞ.-�|X� � u � v + }Hv,|èt?� B � + � � } à tO-�â + � + �'v,- � } +�� |~����| � }&�=�.-�- + }Hv �?ç ÿ�±zyJê � �	� + � � } à tO-�â + � + �c�
v,- � } +�� |~����| � }á���.-�- + }Hv � }½ÿU�#y�w ��D y�� � -Utk� � } à �.�'v,|~}#{ u.tO-�v�|~��� + �½v�s + � + � � } à tO-�â + � + �'v,- � }
+�� |~����| � }C�=�.-�- + }HvÝ� � }�v�-�|XÞ.�#v + ��
 @ yJw � v � v,s +Íà �.�ÂvÝu8tO-Âv,|X��� + äÖ� +�¬ �.|X�~|XÞ.-�|X� � u � v + }�v�|ètO� B � + �c�� } à tO-�â + � + �'v,- � } +�� |~����| � }��=�.-�- + }Hv �?ç ÿ��#y � � �l� + � � } à tO-�â + � + �=v�- � } +�� |~����| � }��=�.-�- + }Hv � }½ÿ°#y � ��D y
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����� �� �¡X¢\£X¤¥ �¦¨§;©�£�ª|©p«�¡�¬�£,­¯®|«�¡T§;°J¢6±P£
æ´} tO}i²O�.u.|Zv_³y´Ì�´��³�}Hv_³�´K³ à |~},³y´�v�|ètO��µ^´,t � ³O�	v,s�³ ��� v,| � } � µÚt��]s8t=´�{G³ à à �.�Âvx{=´,tO|X} � µ � tO����¶á�
|X�Ý{ � ¢G³y´�}�³ à ÞHâkv,s�³|³ ¬ �8t�v,| � }½ÿ

¶�· �:¸¹·Gº � � ¸»�¼ 
 ¸»�½I¾ 
 ¸»�½ 
 ¸»�¿_¼
ß s�³�´K³ ¸»�¼ |~��²O�#u.|XvK³y´�äq�V{G´�tW¢z|Zv]t?v�| � }.tO��µ � ´���³O� ¸»�½I¾ |X�§v,s,³��~|X{EsHv�u�´0³�������´0³�µ � ´���³O� ¸»�½ |~�§v�s�³ÀÑ� ´0³�}Hv_Á¥µ � ´���³O�ëtO} à ¸»E¿_¼ |X�&v�s�³ã� � �èt=´/{G´�tW¢z|Zv]t?v�| � }.tO�tµ � ´���³�Â úx� ´�ÃtO}Hâz|�³=v�tO�Ãy�Ä�êOêH�GÅ'y å�³
� tWâ�},³�{E�Y³��=vxv,s�³§}�³��zv_´,t?�Ú{HtO�ÍtO} à u#�ètO� � t�ÂÃr � �#� �E� ÞÆÅ à ´�tO{fµ � ´��y³=� � }ãv�s�³ à �#��vUu8t6´�v,|X���Y³
Þ�³���tO�.�K³�v�s�³�v,| � ³V���WtO�Y³����.�K³ à |X}þv,s�³=�K³�´��.}#�§t6´K³���s � ´�v�Â�s � ��´���v � t à t�â,Åc��� �E� u8t=´K³ à v �
v�s�³Uv,| � ³T���WtO�Y³�� � ¢G³y´ ß s.|X�]s v�s � �K³rµ � ´��y³=��s.t�¢=³�t?}�³ ç ³=�=vWy

� �



�?� rFs8tOu#vK³y´�Ç#y�ÈÍâ	}8t � |~���
 Ýs�³ {G´�tW¢z|Zv]t?v�| � }.tO� tO�=�y³=�4³y´�t?v,| � } à ��³�v � ²O�.u#|Xv_³�´Ý|~�=ÿÉÊË ÂÂ°�Ì2ÍlÎ\Ï�Ð � ÅRÑ\Äë° � �GÒ �:Ó=ÔTÕÖr× � Ó � ��|X} ��Ø °�Ä × °ÚÙÛ ÒGÜ ÓGÔ,ÕÖr× Ü Â � wé� � � Ü Ø ° �GÝpÞ � � � Ø 
 � ÅmßáàÐÂÂ°�Ì2ÍlÎ\Ï�Ð � Å Þ � � Ø ��|~} Ø Ñ � Ò �RÓ Ô ÕÖ × � 
 Ù� ÒGÜ Ó Ô ÕÖ × Ü Â*� Þ � � � Ø ° � ÅJß àØ âdãä

� ¸»Eå¶
ß s�³�´K³|Ì |X�Rv�s�³T{G´�t�¢	|Zv]t?v�| � }8t?� Þ � }.�Âv]tO}HvW�ÆÍlÎ�|~�t²O�.u.|XvK³y´=äÖ� � tO����� ¹ Î�|~��²O�#u.|XvK³y´�äq�t´�t à |~�#���,Ð
|~�xv,s�³ à �#��v4u8t=´Âv,| Þ �4³?äÖ�xu � ��|Xv�| � }ã¢=³ Þ v � ´=� Ø |X�Ív,s,³�{G´,tO|X}½äq�T�èt?v�|Xv�� à ³Vt?� � ³�tO����´0³ à µ^´ �O� v�s�³³ ¬ �8t�v � ´�|ètO�Ñu.�~tO}�³?�RàÐ/t?} à àØ t=´K³�v,s,³§�.}#|Xvë¢G³ Þ v � ´�����tO} à Ò � tO} à ÒGÜ à ³�} � v_³�v,s�³§�K³ Þ � } à t?} àµ � ��´Âv,s!Á � }8tO�Ñs8t=´ �&� }.| ÞVÞ � ³�æ Þ |4³=}Hv,��� ß s.| Þ s�´0³�µ^³�´ëv � ²O�.u.|XvK³y´=äÖ� � Þ.�~t?v_³=}�³�����y

 Ýs�³§t ÞyÞ ³��4³�´,t?v�| � } à ��³4v � �X|~{EsHv��»u�´K³=������´K³ µ � ´ Þ ³�|~�=ÿ
� ¸Ò ³cç�ècÖ�GéXê · � � àÐ � ¸»�½I¾¶

ß s�³�´K³ Ò ³ |~��v,s�³�� � �èt6´a´,t à |èt?v�| � }¥³�},³y´�{?â ý � û t?v�Ä�ë µ Â � ÄEy � ÇlìíÄ Ý=î ³y´�{�° Þ � ¤ � ° �'¤8¥'�
u � |~}Hv,|X}.{ � �#v ß t=´ à µ^´ �E� v�s�³Vï	�.}DÅ'� ç�ècÖ |~��v�s�³a´�t à |èt�v,| � }�u�´K³=�����,´K³ Þ � ³�æ Þ |4³=}�v à ³�� Þ ´�|~Þ�³ à |X}�K³ Þ v�| � }��.y�w	�Æé�|~�ëv,s�³ à �.�ÂvÍu.t=´�v�| Þ �Y³Oäq� à ³�}.��|Xv´âO� · |X�Ýv,s�³4u.�èt?}�³=v�äÖ� à |~�Âv]tO} Þ ³4|~}¥ë µ µ^´ �E� v�s�³ïz�.}��DêT|~��v,s,³4��u�³�³ à�� µÚ�X|~{EsHv��.tO} à �C|X��v,s�³|´�t à |~�#� � µ
v�s�³ Þ s8t=´�{G³ à ��u.s�³�´�| Þ tO�Ñu8t6´�v,| Þ �Y³Oy

 Ýs�³ ÀÑ� ´0³�}Hv_Á t ÞyÞ ³��Y³y´,t�v,| � }k|~�Ý{E|Z¢G³�} ÞHâKÿç Â º Å¶ ð ¸�)
 ¸ñ ê ì ¸ò�ó � ¸»�ô¶
ú ³�´K³ ¸ò |X�Uv,s�³�� � Þ tO� � tO{O}�³=v�| Þ
õ ³=� à �
tO} à v,s�³�³��Y³ Þ v_´�| Þ�õ ³�� à ¸� |~�Uv�s�³ Þ � ´ � v]t?v�| � }.tO��³��Y³ Þ �
v_´�| Þ|õ ³�� à ÿ Ó ¸Ð
ì ¸ö × ì}Â ¸ò Ï=ê�Å'�K|Yµév�s�³ à �.��vUu.t=´�v�| Þ �Y³�|~�Í� � Þ t?v_³ à |X}.��| à ³4v�s�³ � tO{E},³=v � ��u.s�³�´K³?�
ß s�³�´K³�v,s�³/Þ � �.} à t=´�âã|~�U� � Þ t�v_³ à t�v|Ð � w Ý{÷�ø yVæPµ®v,s�³/u8t=´Âv,| Þ �4³�|~�T� � Þ t?v_³ à<� �#v,��| à ³ � µ�v�s�³
� tO{E}�³'v � ��u.s�³y´0³O��v,s�³=}&v�s�³�³��4³ Þ vK´�| Þ�õ ³=� à |~� à ´�|X¢G³=}CÞHâ�v,s,³ Þ � }H¢G³ Þ v,|Z¢G³ ��� v�| � }.� � µ�v,s,³x� � �èt=´
ß |~} à y�ïT³y³xv,s�³rùxu.u�³=} à | û µ � ´Ft à |~� Þ �.����| � }0tO} à v�s�³ à ³�´�|X¢?t?v�| � } � µ6v,s�³ Þ � ´ � v]t?v�| � }�³��Y³ Þ vK´�| Þõ ³=� à tO} à v,s�³|³=�4³ Þ v_´�| ÞVõ ³=� à0� �#v���| à ³ � µ Þ � ´ � v,t?v,| � }½y

 Ýs�³ {G´�tW¢z|Zv]t?v�| � }.tO� t Þ�Þ ³=�4³y´�t?v,| � } à ��³�v � v�s�³úïz�#} |~�=ÿ

Ì2Íoû¥üýþ Â ¸¹ ° ¸ÐGÅÿÿÿ ¸¹ ° ¸Ð ÿÿÿ � ° ¸¹¹ ������ � ¸»E¿_¼¶
ß�� ³�´K³2Íoû&|X��� � ³ �	� ��� � µ
� � ³�ïz����




Ç�
 � 
 «�� ³ Þ �,| � �!µ^´ �E� � � ³�² � ¢	| � ��� � {���³�� � ��� � ³y´K³ ���
����� ���\£�¢T§;°P Æ¦��P¡\ �� §;©�£! � #"Æ°�«Æ¦%$ú«,¬]¦�£D§� �¤'&:©�£G¡X£
(�)~í*)2ø +#, ñ.- ö ó î ô0/ló21�ñ.3 ð ô#465�ó ï ñ.- ö ó î ô�387:9�ó<;zñ�46=83 )?>8ðOï ó ðA@ ò~ñ6BDC ðOïFE ñ
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=�
à �,´ � ��| � �R�,| � ³=� Þ � � Þ �#� � �K³ à µ � ´{³ � Þ � � � ´��,| Þ �4³ã��|4Á�³ � ´K³S� � � �J�#|Yµ � ´ � ÿH� � ³h� � ´�{G³y´Ì�´��|4Áy³ à� � ´I�,| Þ �Y³��e´K³ ¬ �#|4´K³ à ��� ´K³T�,| � ³ à ��´ � �,| � �U� � Þ � ¢G³y´V� � ³ � �O� ³!�K´ � ¢G³=� à |~�I� � � Þ ³�
 «W� Þ � � µ� � ³ à | ç ³y´0³8�A���»��|4Á�³ à à �.���V� � ´I��| Þ �Y³�� � ´0³0�I� � ´I�_³ à µ^´ �E�X� � � ��|2�,| � � � ��æ � äq� � ´�Þ.|2�W��|Y�.|2�,| � �~�Zâ�K´ � ¢G³=�~|Y�#{ � � � Þ |4´ Þ �.� � ´:Zr³8�.�Y³y´�| � �k¢G³=� � Þ |2�´âE�.��� � ´��_³ à!� � � � � �_³8�A��| � � � µ\[ �U� � 
� � ´O� � ³ õ û ³ à Þ ��� ´�{G³ Þ � �K³O�J� � ³]� � ´��,| Þ �4³?äÖ�:� � ´ �O� ³��K³y´�� � ´0³^� � ³rµ � �X� ��ß |Y�#{.ÿ

[ �U� � � ¯ � ÄE��é � Ä�
_��{�� Þ � �
  � ³ �V� �_³�´�| � �`��´ � ��³y´I��|4³=� � � à Þ ��´0´K³8�A����µ � ´O� � ³U¢ � ´�| � Þ.�4³ Þ ��� ´�{=³ Þ � �K³ � ´0³]� � ³rµ � �~� ��ß |Y�.{.ÿ
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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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5 nm

6 nm L = 3300
Time = 4.5 hrs
Potential = 7.9 V
r = 6.2 Rj
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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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