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Abstract

Spherical electrostatic probes are in wide use for the measurement of electric fields and

plasma density. This report concentrates on the measurement of fluctuations of these quan-

tities rather than background values. Potential problems with the technique include the

influence of density fluctuations on electric field measurements and vice versa, effects of

varying satellite potential, and non-linear rectification in the probe and satellite sheaths. To

study the actual importance of these and other possible effects, we simulate the response of

the probe-satellite system to various wave phenomena in the plasma by applying approxi-

mate analytical as well as numerical methods. We use a set of non-linear probe equations,

based on probe characteristics experimentally obtained in space, and therefore essentially in-

dependent of any specific probe theory. This approach is very useful since the probe theory

for magnetized plasmas is incomplete.
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2.1 Particle collection by spherical probes: Orbital motion limited or sheath

limited
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1We will here use the convenient convention of refering to Tph, which according to (6) has the dimension of
potential, as a temperature in eV. Other temperatures will be treated in a similar fashion, implicitly assuming
normalization to Boltzmann’s constant and the elementary charge.
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2.2 Validity of OML theory

 14@F:/<�.OC6EF>xdPC�C6>�LM<O5�B{DF798�14:�~x14:/�F<�C�>4Y �
p t�� D

<�?f8;>��F?(56<�36<�N�@{B^UJ7/�(7/?F�^14?fN��f36<��61h��d}EF798tE�L�1�B^@�<
8;>�LMDf1436<�N]56>o56EF<�8;367/56<�367/>�?�>4YV~x14:/79N-7/5WBOY�>�3=H[Z&\¬56EF<�>�36BPa�.Yc ,  EF<�8;>�?f8;:/�fC67/>�? 79CJ56Ef145[56EF<�H[Z&\14D-�
DF36>4�{7/L�14567/>�?R?F>�36L�14:/:/B[79Ck14DFDF:/798�14@F:/<��x14:/56EF>��F��E=7/5�L�1rB�Y 147/:�7/?=Df143656798;�F:91436:/BRN-<�?fC6<�DF:91�C6L�1�C�<�?f8;>��F?{56<�36<�N
@{Bo�f36<��61F,

`



 EF<z8;>�?f8;:/�fC67/>�?�56Ef145�H[Z]\®14DFDF:/7/<�C�79CMC6�FDFD�>�3656<�N«@{B <��-D$<�367/LM<�?{5K14:�~m<�367¨§$8�14567/>�?¬>4Y[14? n
P �

	
36<�:914567/>�?�,  EF<"�FDFD�<�3JDF:/>�5[7/?]��7/���F36<M+�C6EF>xdPCP56EF<�DF36>�@$<�8;�F3636<�?{5�56>�DF36>�@$<MS�N-�F367/?F��Df14365J>4YI1o�f36<��61
>�36@F7/56�$14?fNzC6D$<�8;5636>���3K14L >4Y�EF7/��EOYp36< � �F<�?f8;B�d�1�~m<�C�N-<�56<�8;56<�NzN-�F367/?F�M56EF< CK14LM<R567/LM<=7/?{56<�36~x14:�1436<=C6<�<�?
7/?�56EF<A8;<�?{56<�3 Df14?F<�:¦,  de> 7/?(56<�36<�C6567/?F�]Yp<�1456�F36<�C 7/?¬56EF79C�C6D$<�8;5636>���3K14L 1436<O?f143636>xd @f14?fN¬<�LM79CKC67/>�?fCY�
CK<�<�?&N-�F367/?F��LM>mC65}>4Y�56EF<=567/LM<=7/?{56<�36~414:�C6EF>rd}? a�?F<�143[+�B BM��O�b"145��  Bm+�a�+�B Bh�FYp>�3}7/?fC65K14?f8;<4c2�f14?fNz14?
�FDFD�<�3=8;�F56>4¤H��Yp>�3_<��-14LMDF:/<�?F<�143R�wS�B�� OPb�145 Bm+�a�B4� BF,��J1456�F3K14:�7/?(56<�36DF36<�5K14567/>�?fC_>4Ye56EF<�C6<�Y�<�1456�F36<�C_7/?
56EF<�C6D$<�8;563K1X1436<=7/?&56<�36L�C�>4Y2\�14?F��L��F7/3�d�1r~m<�C�?F<�143P56EF<=DF:91�C6L�1MY�36< � �F<�?f8;B � p ��14?fNA56EF<=�FDFD$<�3[8;�F56>4¤>4Y�56EF< d}EF79C656:/<�3JLM>(N-<���36<�C6D�<�8;567/~m<�:/B apC6<�<��$Y�>�3[7/?fC65K14?f8;<����c7/���F36<M+X>4Y��,'�)(1��9	�¨.���i�S43$c ,[��C � p � � 	@��7/5
CKEF>��F:9NO@$<RD$>mC C67/@F:/<R56>MEf1�~w<J56EF<RDF36>�@�<"8;�F3636<�?(5eYp>�:/:/>rd�56EF<RDF:91�C6L�1�Yp36< � �F<�?f8;BX<�LM79CKC67/>�?fCe7¨Y2d�<R8tEF>w>mC6<
C 8�14:/<�C�C6>�1�C�56> Ef1r~m<J1 ~414367914567/>�?o@{B�1=Y 1�8;56>�3	� 7/?O8;�F3636<�?{5e8;>�3636<�C6D�>�?fNX56>�1"Yp1�8;56>�3 � � 7/?XYp36< � �F<�?f8;B5�
7¨Ye56EF< DF36>�@�<�8;�F3636<�?(5[79C[:/7/?F<�143_7/? 56EF<MN-<�?fC67/5WBw,  EF<�@$>�5656>�L DF:/>�5RC6EF>xdPCJ56Ef145[56EF79C_79C_14DFDF36>Y�-7/L�1456<�:/B
56EF<[8�1�C6<m,��P?�<��{56<�?fN-<�N�CK56�fN-B�>4Y�EF>xdq56EF<�DF36>�@�<J8;�F3636<�?{5IN-<�D$<�?fNFC�>�?XDF:91�CKL�1=N-<�?fC67/5WB5��1�C�N-<�56<�36LM7/?F<�N
Yp36>�L DF:91�C6L�1oY�36< � �F<�?f8;Bz<�LM79CKCK7/>�?fC6��Ef1�C_@$<�<�?�L�1�N-<M@(B�
H&�1K= F��(' �¨.����x�(3��¥d}EF>�Yp>��F?fN 56Ef145[56EF<M:/7/?F<�143
36<�:914567/>�?A@�<�5�de<�<�? n�14?fN 	 CK�F����<�C656<�NX@{Bo��7/���F36<=+ 79C}14DFDF36>Y�-7/L�1456<�:/B�~414:/79NoY�>�3�N-<�?fC67/567/<�C�~41436B(7/?F��>r~w<�3
14:/LM>mCK5}5�de>�>�3KN-<�3KC}>4Y�L�14��?F7/56�fN-<m,

£H�{D�<�367/LM<�?(5K14:�C6�FDFD�>�365=Yp>�3"56EF<o14DFDF36>4�-7/L�1456<o14DFDF:/798�14@F7/:/7/5WB >4Y�56EF<zH[Z&\�14DFDF36>4�{7/L�14567/>�?«79C"14:9C6>
Yp>��F?fN�7/?�56EF<PEF7/��E�N-<���36<�<�>4Y�:/7/?F<�143IN-<�D�<�?fN-<�?f8;<P>4Y�56EF<}DF36>�@$<[8;�F3636<�?(5�>�?M56EF<P~w>�:/5K14��<�Y�>��F?fN�Yp>�3�DF36>�@$<
D�>�56<�?(567914:9CJde<�:/:c14@$>x~m<=b�<�36>o7/?]56EF< <��{D�<�367/LM<�?(5K14:/:/BO>�@F5K147/?F<�N]DF36>�@$<�8 Ef143K1�8;56<�3679CK56798�C	ap��7/���F36<o.Yc ,P��?]1
DF:91�CKL�1Od}7/56E^C65636>�?F�zC6EF7/<�:9N-7/?F�A<;¤¥<�8;5KC6��56EF<MDF36>�@$<o8;�F3636<�?(5_de>��F:9N�3K1456EF<�3R@$<�<��-D$<�8;56<�N�56>AYp>�:/:/>xd 56EF<
��EF7/:9N{�ª\k14?F��L �F7/3Ja t +�D�>rde<�3�:91�d ��
 % 9�'!��.���`�S43ª,

 E(�fC6�456EF<PN-<�~{7914567/>�?�>4Y�56EF<P1�8;56�f14:/:/B ~x14:/79N�DF36>�@$<�56EF<�>�36B=Yp36>�L H[Z]\A56EF<�>�36B�8�14?F?F>�5�@�<P~m<�36B=:91436��<m, >=<�C6567/L�1456<�56EF<P<�3636>�3KCVL�1�N-<P@{B��fC67/?F�=< � �f14567/>�?Ja��0c2�mde<P�fC6<P?{�FLM<�36798�14:F36<�C6�F:/5KC�Yp>�3V14?X�F?FL�14��?F<�567/b�<�N
DF:91�CKL�1z@{B]+C& � 1<&( 8;<�("\FG9 �¨.���`�`43��21�CKC6�FLM7/?F�z56Ef145"56EF<o1�NFN-7/567/>�? >4Y�1zL�14��?F<�56798�§f<�:9N^N->(<�C"?F>�5"Y��F?fNF1x�
LM<�?{5K14:/:/B�8 Ef14?F��<z56EF<]C6EF7/<�:9N-7/?F�^DF36>�D$<�36567/<�C�,���?qEF79CM5K14@F:/<�CoS48&14?fN�SrY �e\�1xYp3K14L @�>�79C6<A5K14@F�F:91456<�C�56EF<
DF36>�@�< 8;�F3636<�?{5J1�CJ1�Y��F?f8;567/>�?]>4Y �

P t�� D
Yp>�3P~x14367/>��fC�~x14:/�F<�C�>4Y^k

P t � e
1�CKC6�FLM7/?F� �

i
p��

e
14?fN �

i
p Bh�

36<�CKD$<�8;567/~m<�:/Bw,J_�B 56EF<��fC6<o>4Y�8;�F@F798oC6DF:/7/?F<o7/?(56<�36D�>�:914567/>�?«>�?¬56EF<�C6<o36<�C6�F:/5KC6��d�<oEf1�~w<X8�14:98;�F:91456<�N 56EF<
<;¤¥<�8;5KCP>4Y2§f?F7/56< � D

>�?]56EF<"~414:/79N-7/5�B�>4Y,a��0c�Yp>�3�36<�14:/79C656798=�$36<���1�Df143K14LM<�56<�3KC�,}�ª5J8�14?&@$<�C6<�<�?z7/? �c7/���F36<
a�56Ef145R56EF<M<�3636>�3"7/? 56EF< � 	 t 	 0

<�C6567/L�1456<M79CR:/7/?F<�143R7/? 56EF<�14LMDF:/7/56�fN-<�Yp>�3_�f�f8;56�f14567/>�?fCR�FD 56>A56<�?fC_>4Y
D�<�3R8;<�?(56��14?fN&79CJ~m<�36BAC6L�14:/:�<�~m<�?AYp>�3[N-<�?fCK7/5�BA1�C[EF7/��E]1�CRS � B B B�8;L

−3 ,,Q <�8;>�?f8;:/�fN-< 56Ef145[56EF< <�3636>�3
7/?{5636>(N-�f8;<�N 7/?(56> a��0c_@{B&§f?F7/56< �J<�@{Bm<M:/<�?F��56E^<;¤¥<�8;5KC=79C C6L�14:/:V7/?«56EF<X8�1�C6<�C=>4Y}UJ7/�(7/?F� 14?fN^�f36<��61h�kC6>
56Ef145}56EF<�H[Z&\ 36<�:914567/>�?fCza +�ce14?fNPa��0c�EF>�:9NO56>M��>w>(N&1�8�8;�F3K1�8;BXYp>�3}56EF<�C6<RC6Df1�8;<�8;3K1xYp5�,

2.3 Parametrization of probe sweeps

 EF<"Y��F?f8;567/>�? 	 
 7/? a +�ce79C�<��{D�<�367/LM<�?(5K14:/:/BA1r~x147/:914@F:/<_Yp36>�L DF36>�@$< @F791�C�C6de<�<�DfC�,e�ª5�79CP>4Yp56<�?&C6���X8;7/<�?{5
56>�N-<�CK8;367/@�<X56EF<�<�CKC6<�?{567914:9CR>4YP56EF<XDF36>�@�<oD�<�3�Y�>�36L�14?f8;<�@(B 56EF<o:/>(8�14:eDF36>�D$<�36567/<�C�>4Y}56EF<oDF36>�@�<�8;�F36~w<
?F<�143e56EF<�D�>�7/?(5e>4Y�>�D$<�3K14567/>�?�>4Yk1 DF36>�@$<m,  EF79Ce14DFDF36>m1�8 Eo79CI�fC6<�NX7/?dm(<�8;567/>�?Aa-,/,HOP>xd�<�~m<�36�mY�>�3�L�14�(7/?F�
N-<�5K147/:/<�No?{�FLM<�36798�14:$8�14:98;�F:914567/>�?fC�14?fNoC67/L��F:914567/>�?fCV>4Y�56EF<J8;>�LMDF:/<�56<JDF36>�@$<;�ªC6Df1�8;<�8;3K1xYp5��¦DF:91�C6L�1 C6B{CK56<�Lv�
1�CPd�<_d}7/:/:kN->M7/?bm(<�8;567/>�?fC}�f,T+�14?fNzS-,Ta �-7/5}79C�C6>�LM<�567/LM<�C��fC6<;Yp�F:�56>MDf143K14LM<�56367/b�<R56EF79C�Y��F?f8;567/>�?�,HQ <=N->
56EF79CP@(BX§f56567/?F�MLM<�1�C6�F36<�NAC6de<�<�DfC�56>�14?A<��{DF36<�CKCK7/>�?

n
P
a:k

P
c@p n

e
a:k

P
c � n

i
a:k

P
c � n

ph
a:k

P
c a S�c

d}EF<�36<#n
ph
79C���7/~m<�?]@(B a a�c2��14?fN]56EF< >�56EF<�3[56<�36L�CJN-<�C 8;367/@$<�8;>�:/:/<�8;567/>�?]>4YVDF:91�C6L�1o<�:/<�8;5636>�?fC[14?fN&7/>�?fC6�

36<�CKD$<�8;567/~m<�:/Bw,2�$>�3 n
e
�-d�<_�fC6<

n
e
a:k

P
c@p

�� � n
e0
a�. � k

P t � ∗
c � k

P � B
n
e0
<��-DCa:k

P t � ∗
c � k

P � B �
a `�c

h



��7/���F36<Ja-G  EF<P<�3636>�36�wN-�F<P56>=§f?F7/56< �
P t�� D

�mL�1�N-<�d}EF<�?X1�CKC6�FLM7/?F� � 	 t 	vp ��� t � , � e
p;BFQ �=<�U�� �

P
p�a

8;Lv�F14?fNJk
P
p . BMU�Ef1�C}@$<�<�?z1�C C6�FLM<�N�,@_�1�C6<�N�>�?A?(�FLM<�36798�14:�36<�C6�F:/5KCP@(B +-& � 1 &( 8;<��"ZF69��¨.���`�`43ª,

i



d}EF<�36<
n
e0
pu��� � 2

P
� �
	 � � � ∗

+�� �
e

a¦h�c
14?fN ��	 14?fN �

∗
1436<"Df143K14LM<�56<�3KCP>4Y256EF<R§f5�,  EF<=Y�>�36L�>4YMa `�ce79CP7/?fCKDF7/36<�NO@(B�56EF<�H[Z&\«56EF<�>�36BoY�>�3�14?

�F?FL�14��?F<�567/b�<�NzDF:91�C6L�1v� �����������! #"$�$%D&�'�)�+C&('0.( #/�"\1���.���+�`43��-d}EF<�36<=56EF79C}36<�C6�F:/5}EF>�:9NFC�d}7/56E���p .=14?fN
�
∗
p�� �

e t � ,  EF< 8;>�?fN-7/567/>�?fCJ>4Y2~414:/79N-7/5WBoYp>�3�56EF79C�56EF<�>�36Bz1436<"56EF<MH[Z&\�8;>�?fN-7/567/>�? a�.YcP14?fNz56EF<"5Wde>
8;>�?fN-7/567/>�?fCP>4Y�?F<���:/7/��7/@F:/<RL�14��?F<�56798[§f<�:9NA<;¤¥<�8;5KC6�

�
P t � ge 	 . a�i�c

14?fN]����/ ;2"$'hF2��92"$'�&�'�)	+-& � 1<&( 8;<�("\FG9��k.���i�+43
� D t � ge ��� ce t � pe 	 . � a ��c

d}EF<�36< �
ge
79C�56EF<V56EF<�36L�14:m<�:/<�8;5636>�?"��B(36>�3K1�N-7/�fC6�x14?fN � ce 14?fN � pe

1436<�56EF<V<�:/<�8;5636>�?"8;B-8;:/>�5636>�?"14?fNRDF:91�C6L�1
Yp36< � �F<�?f8;7/<�C6�{36<�C6D$<�8;567/~m<�:/B(,2��>�LMDf14367/?F�M56>  14@F:/<�.��-8;>�?fN-7/567/>�? a ��cI79C}14:/LM>mC65}14:/d�1�B-Ce~(7/>�:91456<�N�>�?O@$>�56E
UJ7/�(7/?F�o14?fNA�f36<��61h�(d}EF7/:/<"56EF<R>�56EF<�3}36<�:914567/>�?fC}��<�?F<�3K14:/:/B�1436< CK145679C�§f<�N�,��f>�3}�$36<���1h�{56EF<=7/?fC6���X8;7/<�?f8;Bo>4Y
�F?FL�14��?F<�567/b�<�N�H[Z&\�56EF<�>�36B_Ef1�C�@�<�<�? <��-D$<�367/LM<�?{5K14:/:/BRN-<�LM>�?fC6563K1456<�NR@{B 
@&(12= F��('#�¨.����x�(3ª, O�>rde<�~m<�36��7/?m(<�8;567/>�?X+-,/.ede<}8;>�?f8;:/�fN-<�N 56Ef145256EF<}8;�F3636<�?{5�>4Y¥8;>�:/:/<�8;56<�N�<�:/<�8;5636>�?fC279C�14DFDF36>Y�-7/L�1456<�:/B=:/7/?F<�14327/?�N-<�?fC67/5WB5�
CK>�56EF<MN-7/LM<�?fC67/>�?F:/<�C C�Y 1�8;56>�3 �7/?Ra `�c�5K14�m<�C_8�1436<�>4Y�<;¤¥<�8;5KC[>4Y�L�14��?F<�567/b�14567/>�? 14?fN C6L�14:/:�N-<�~(7914567/>�?fC
Yp36>�L H[Z&\ 8;>�?fN-7/567/>�?fC}>�?A56EF<=N-<�?fC67/5WBXN-<�D$<�?fN-<�?f8;<=>4YHn

e
,��$>�3e56EF<R56<�LMD�<�3K1456�F36<��f1
	436>��F?fN-7/?F�M>4Y�56EF<

�{?F<�<�	[<;¤�<�8;5��T+-& � 1<&( 8;<�("\FG9�&('�)��M/ ;2"$'hF2��9�"\'!�¥.��mh4` ����/h;�"\'hF���92"$'b&('�)#+-& � 1 &� ?; �("ZF69���.���i�+43FL�1�B 8�14�fC6<��
∗

56>J@$<V:/>xde<�3�56Ef14? �
e
,�HJ?"56EF<I>�56EF<�3�Ef14?fN-�x<�:/<�8;5636>�?=56<�LMD�<�3K1456�F36<I<�C6567/L�1456<�C�Y�36>�L \k14?F��L �F7/3�DF36>�@�<�Cc1436<

CK>�LM<�567/LM<�C}Yp>��F?fNA56>�@$< EF7/��EF<�3P56Ef14?z~414:/�F<�C�N-<�367/~m<�NO@{B�>�56EF<�3�LM<�56EF>(NFC���
@&(1K= F���'u&('*)#�*&�5921KF2��.��mh&Bh�I 92'hFG�(']9��^&(=BAZ��.��mh�hY3ª,  EF<�C6<XDF36>�@F:/<�L�C 1436<X>4YP:/7/5656:/<o8;>�?f8;<�36?«56>&�fC"EF<�36<m,]HJ�F3"7/?{56<�36<�C65=79C"56>&��<�5 1
Df143K14LM<�56367/b�14567/>�?&>4Yc56EF<=DF36>�@�<=C6d�<�<�DfCY�{14?fNOde<R:/<�1r~m<_56EF<R7/?(56<�36DF36<�5K14567/>�?A>4Y �

∗
>�D$<�?�,

�f>�3R56EF<�8;�F3636<�?{5R>4Ye8;>�:/:/<�8;56<�N 7/>�?fC6��d�<��fC6<�1AC67/LM7/:9143RLM>{N-7¨§$8�14567/>�?^>4Y��(?F>xd}?�36<�C6�F:/5KC[Y�>�3=14? �F?-�
L�14��?F<�567/b�<�NzDF:91�C6L�1F,  EF<"7/>�?z8;�F3636<�?(5Pd}7/:/:k@$<"C6<�<�?&56>�@$<=?F<���:/7/��7/@F:/<"7/?z56EF<"8�1�C6<=>4Y256EF<"14DFDF:/798�14567/>�?fC
56>"U�7/�{7/?F�=NF145K1F,��$36<���1[LM>x~m<�C�145V1=C6D�<�<�N��

sat � hJ�(L gxC6�wC6>R7¨Y�56EF<}DF:91�CKL�1RN-367¨Y�5I8�14?M@�<P?F<���:/<�8;56<�N-�m56EF<
3K14L <�?F<�36��B 1

2

�
i
� 2
sat
��d}EF<�36< �

i
79C�56EF<}7/>�?ML�1�CKC6�479C�BF,T+�S[<�U�Yp>�3NO + 7/>�?fCV14?fN��R<�UuY�>�3�H + ,��P>�36L�14:/:/B5�

56EF<�7/>�?"56<�LMD�<�3K1456�F36<��
i
8�14?"@�<I<��-D$<�8;56<�N=56>J@$<e@$<�:/>xd 56EF<�3K14L <�?F<�36��B5�rDf143656798;�F:91436:/B[Y�>�3c>Y�-B(��<�?C��d}EF798 E

79CV�fC6�f14:/:/B"56EF<�N->�LM7/?f14567/?F�R7/>�?oC6D$<�8;7/<�C�,  EF<}7/>�?�8;�F3636<�?{5�79C�56EF<�?�N-<�CK8;367/@$<�N�@(Bd�TwC&[%5=B9KFG�(' 9G�^&(=BAB��.��mhr�(3

n
i
a:k

P
c@p

��� �� � � 2
P

� 	 � �
sat � . � 2eVP

m∗v2
sat � � k

P � m∗v2
sat

2e

B � k
P � m∗v2

sat
2e

Q a�. B5c

�ªY�56EF<�DF:91�C6L�1_79C2�F?FL�14��?F<�567/b�<�N-� ��p .�14?fN �
∗
79C256EF<}<;¤¥<�8;567/~m<e7/>�?ML�1�CKC6� �

∗
p �

eff � 	 t�� i

	
i t � id}EF<�36<[56EF<_C6�FL 36�F?fCe>x~m<�3V7/>�?OC6D$<�8;7/<�C�,2�JCI56EF<[��B(36>�3K1�N-7/�fC�79CeL �f8tE�:91436��<�3�Y�>�3e7/>�?fC�56Ef14?XYp>�3I<�:/<�8;5636>�?fC

d}7/56EA8;>�3636<�C6D�>�?fN-7/?F��<�?F<�36��7/<�C6�wL�14��?F<�56798J§f<�:9N�<;¤¥<�8;5KC�1436<_<��-D$<�8;56<�N�56> @�<_:/<�CKCe7/LMD$>�365K14?{5�Yp>�3e56EF<J7/>�?fC
56Ef14? Yp>�3_56EF<�<�:/<�8;5636>�?fCY��CK> � � .�14?fN��

∗ � �
eff

L�1rBz~m<�36BAde<�:/:2EF>�:9N 7/? 56EF<M8�1�C6<�C[56>O@$<MC656�fN-7/<�N
EF<�36<m,���?X8�1�C6<J56EF<J7/>�?o56<�LMD$<�3K1456�F36<[79CIEF7/��EF<�3e56Ef14?X56EF<J3K14L <�?F<�36��B0�m56EF<�7/>�?O8;�F3636<�?{5Id}7/:/:$Ef1r~m<�1=Y�>�36L
CK7/LM7/:9143�56>R56EF<P<�:/<�8;5636>�?�8;�F3636<�?(5�7/?Ja `�c2�w14?fNM7/5KC�Y��F?f8;567/>�?f14:fN-<�D�<�?fN-<�?f8;<P>�?Dk

P
14?fN 	Od}7/:/:F56EF<�36<;Yp>�36<}@$<

56EF<RCK14LM<JYp>�3�?F<��m14567/~m<[DF36>�@$<_D�>�56<�?(567914:9C6�{d}EF798tEo79Ce56EF<_>�?F:/B�36<���7/>�?�d}EF<�36<�n
i
79C�14?�7/LMD�>�365K14?(5�Df14365e>4Y

56EF<"56>�5K14:�DF36>�@$<"8;�F3636<�?{5�,yO�<�?f8;<��F7/5�C6EF>��F:9NO@�<=D$>mC C67/@F:/<=56>�§f5P>�@fC6<�36~w<�NODF36>�@$<"C6de<�<�DfC�56>ba�. B5ce�F?fN-<�3
� �F7/56<P��<�?F<�3K14:f8;7/3K8;�FL�C65K14?f8;<�CY�m<�~m<�?�56EF>��F��E�56EF<P~414:/�F<}>4Y �]14?fN � ∗

L�1rB"@$<J~m<�36B N-7¨¤¥<�36<�?{52Y�36>�L .P14?fN
�

eff
,��P�m147/?C�(56EF79Ce79CI>4Y�?F>�8;>�?f8;<�36?X56>��fC6�{C67/?f8;<�>��F3e��>m14:$79C�56> §f?fNo14?o<�LMDF7/36798�14:�Df143K14LM<�56367/b�14567/>�?�>4Y

56EF<RDF36>�@�<"8;�F36~m<��{?F>�5P56>M<�C65K14@F:/79CKE�7/5KC�1�8;56�f14:�N-<�D$<�?fN-<�?f8;<=>�?ADFE{B{CK798�14:�Df143K14LM<�56<�3KC�,
�



��?���7/���F36< .��ed�<O§f?fNq<��-14LMDF:/<�CX>4YJ§f5KCX>4Y_56EF<&Df143K14LM<�56<�3KC ��	@� �
∗
� �
	@��14?fN �

∗
56>^>�@fC6<�36~m<�N

8;�F3636<�?{5��¦~m>�:/5K14��<[8tEf143K1�8;56<�3679C656798�C�,��f>�3e56EF<RC6EF>xd}?oUJ7/�(7/?F�MC6de<�<�DC�w7/5�79Ce<�~{79N-<�?(5e56Ef145�56EF<[DFEF>�56>(<�:/<�8;5636>�?
8;�F3636<�?{5za a�ceN->�LM7/?f1456<�C}>r~w<�3�56EF<=7/>�?z8;�F3636<�?{5za�. B5c2�-d}EF798tEAEF<�?f8;<REf1�C�@$<�<�?zDF�F5}56>Mb�<�36>f,

. B



�z� � �¥����� ����	��o�P��	$� �����#��
k�*�����*�K�P��	 �K� ����� 	���� �����	� �	�K�@
c��� � 
�
��	� �
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3.2 Capacitive coupling
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3.3 Influence from instrument electronics

 EF<eDF36>�@$<�8;�F3636<�?{5kDf1�CKC6<�Ck56EF<�7/?fCK5636�FLM<�?(5c<�:/<�8;5636>�?F798�C6�x56EF<I7/?FDF�F5�7/LMD$<�NF14?f8;<e>4Yfd}EF798 E�56EF<�36<;Y�>�36<�L �fCK5
@�<M8;>�?fC679N-<�36<�N�,R�ª?�8;�F3636<�?{5JLM>{N-< apN-<�?fCK7/5�BzLM<�1�CK�F36<�LM<�?(5KCKc2��56EF<�7/?FDF�F5[36<�CK79C65K14?f8;< >4Y�56EF< <�:/<�8;5636>�?F798�C
79C�1�Y�<�d 56<�?fCP>4Y2>�EFL�CY�F14?fNA56EF<R7/?FDF�F5�8�14Df1�8;7/5K14?f8;< � . B�Df�j�-B{7/<�:9N-7/?F��14?Jo � 567/LM<=8;>�?fCK5K14?(5}>�?z56EF<
?f14?F>mCK<�8;>�?fN«CK8�14:/<m,  EF<o8�14Df1�8;7/5K14?f8;<O8�14?«56EF<�36<;Yp>�36<o14:/d�1rB{C"@$<�?F<���:/<�8;56<�N�,�m(7/?f8;<�56EF<o36<�C679CK5K14?f8;<�>4Y
56EF<MDF36>�@�<�C6EF<�1456E 79CR14@$>x~m<A.�Z��U��de<�8�14? CK1xYp<�:/Bz?F<���:/<�8;5_56EF<M7/?FDF�F5_36<�C679C65K14?f8;<M1�C_de<�:/:¦,"��? ~w>�:/5K14��<
LM>{N-< a�<�:/<�8;5636798_§f<�:9NALM<�1�CK�F36<�LM<�?(5KCKc2�{56EF<=7/?FDF�F5}36<�CK79C65K14?f8;<R79C}>4Y256EF<�. B B���� >�3KN-<�36�Fd}EF7/:/<R56EF<=7/?FDF�F5
8�14Df1�8;7/5K14?f8;< �

E
79CR.�S Df� Yp>�3eUJ7/�(7/?F� �F+-,TS Df� Y�>�3��f36<��61"DF36>�@�<�CR._14?fNO+ �-14?fNA` Df� Yp>�3�56EF<[36<�L�147/?F7/?F�

�$36<���1XDF36>�@$<�C_a�56>O`-,�O�<�?f8;<���56EF<#o � 567/LM<�>4YV56EF<"<�:/<�8;5636>�?F798�CJ79CJ>�?]56EF< 56<�?(56EfCJ>4YIC6<�8;>�?fNFC[CK8�14:/<��$C6>
Yp>�3_14:/:�d�1r~m<=LM<�1�C6�F36<�LM<�?{5KC6��<;¤�<�8;5KCJ>4YI56EF<�7/?FDF�F5[36<�C679C65K14?f8;<�1436<�?F<���:/7/��7/@F:/<m,�O�>rde<�~m<�36� �

E
79C[>4YI56EF<

C 14LM<R>�3KN-<�3}>4Y�L�14��?F7/56�fN-<=1�C �
P
a:m(<�8;567/>�?&a-,T+�ce14?fNA8�14?F?F>�5P@�<R?F<���:/<�8;56<�N�,

�ª? 56EF<�CK7/LMDF:/<�C65J1�CKCK�FLMDF567/>�?C�$d}EF<�36<�56EF<�CKDf1�8;<�8;3K1xY�5[@$>{N-Bz79C_C6<�<�?]1�C_1o��36>��F?fNzYp>�3�567/LM<;�¦~41436B(7/?F�
<�:/<�8;5636798RCK7/��?f14:9C6�-56EF<_DF36>�@$<"C6EF<�1456EA14?fNO56EF<R<�:/<�8;5636>�?F798�C}7/?A56EF<RDF36>�@�<=8;>�?fC6567/56�F56<=1M8;7/3K8;�F7/5�,��f>�3}C6L�14:/:
14LMDF:/7/56�fN-<eD$<�3656�F36@f14567/>�?fCY�4d�<�L�1�BR:/7/?F<�14367/b�<�14?fN"36<�DF36<�CK<�?(5c56EF<e8;7/3K8;�F7/5�1�Cc7/?���7/���F36<��la�LM>�36<e8;>�LMDF:/<�56<
14?fN"?F>�?F:/7/?F<�143�8;7/3K8;�F7/5cLM>(N-<�:9Ccd}7/:/:(@�<I7/?{5636>(N-�f8;<�N 7/?#m(<�8;567/>�? �f,/.Yc ,c��?=56EF79CcLM>(N-<�::�x56EF<ILM<�1�C6�F36<�N"DF36>�@$<
~w>�:/5K14��< ��� 79C�8;>��FDF:/<�NO56>M56EF<=14DFDF:/7/<�NO~m>�:/5K14��<R~x14367914567/>�?A7/?A56EF<RDF:91�CKL�1 ���u@{B a �

E � �
P
c ss�� �

.
o � ��� p  �

P

s
s�� �

.
o � ��� a�.���c

d}7/56EzCK>�:/�F567/>�?

��� p � −t/R(CP +CE)

	 t � t/R(CP +CE)

� .
. � �

E t � P

s
s�� �

.
ola �

P � �
E
c � ��� s�� Q a +�B5c

�$>�3�Y�36< � �F<�?f8;7/<�C � 	 � C p 1
2πR(CE+CP )

56EF<=36<�C679CK567/~m<J56<�36L�C�N->�LM7/?f1456<��f14?fN ��� p ���[,I�f>�3�Yp36< � �F<�?-�
8;7/<�C � � � C 56EF<=8�14Df1�8;7/567/~m<R56<�36L�CP1436<=N->�LM7/?f14567/?F� �F14?fNOde<REf1r~m< ��� p �

P
a �

E � �
P
c
−1 ���[,

3.4 Application: Freja observations of high amplitude waves in the lower

hybrid frequency range
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3.5 Application: Viking observations of electrostatic ion cyclotron waves
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4.1 Circuit description
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4.2 Application: Viking observations of solitary waves
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5.1 Effects of sheath non-linearities on wave measurements
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5.2 Application: Can the solitary waves observed on Viking be rectified wave

packets?
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enhanced lower hybrid wave power
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