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1.Introduction:Saturn ring 

atmosphere and ionosphere
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ABD C

Source:https://kknews.cc/science/38l8

rm8.html



2. Introduction : Cassini INMS(Ion 

Neutral Mass Spectrometer)

Can know:

Chemical composition
𝑞

𝑚
, 𝑔𝑎𝑠 𝑑𝑒𝑛𝑠𝑖𝑡𝑦



3.Analysis data

ABD C

𝑆𝑎𝑡𝑢𝑟𝑛

xy component



4.Charged particle trajectory integrating

1.Steady state 

2.Changing charge



1.Steady state 

Motion  equation:
𝒅𝒗

𝒅𝒕
=

𝒒

𝒎
𝑬 + 𝑽 × 𝑩 −

𝑮𝑴

𝒓𝟐
ො𝒓

𝑬 = −𝑽𝒄 × 𝑩,𝑽𝒄 = 𝒓 × 𝝎𝒔

Change force Change velocity Change position

Initial condition



Simulate the trajectory of particle

𝑆𝑎𝑡𝑢𝑟𝑛



Simulate the trajectory of particle

𝑆𝑎𝑡𝑢𝑟𝑛𝑆𝑎𝑡𝑢𝑟𝑛



2.Changing charge

The charging equation:
𝑑𝑞

𝑑𝑡
=෍

𝑘

𝐽𝑘

Source: 許翔聞 2004



𝑖𝑜𝑛、electron current:

𝐽𝑎 = 𝐽0𝑎 × ቊ
exp −𝑥𝑎 𝑓𝑜𝑟 𝑥𝑎 > 0
1 − 𝑥𝑎 𝑓𝑜𝑟 𝑥𝑎 < 0

𝐽0𝑎 = 4𝜋𝑒𝑎2𝑛𝑎
𝑘𝑇𝑎
2𝜋𝑚𝑎

1
2

, 𝑥𝑎 = ±
𝑒𝜑

𝑘𝑇𝑎

𝜑 =
1

4𝜋𝜖0

𝑞

𝜎
, 𝜎 𝑖𝑠 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒



Non-isotropic plasma effect current:

𝜑 > 0: 𝜑 𝑖𝑠 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙

𝐽𝑖 =
𝐽0𝑖
4

(𝑀2+
1

2
− 𝑥𝑖)

𝜋

𝑀
(erf 𝑀 + 𝑥𝑖 + erf(𝑀 − 𝑥𝑖))

+
𝑥𝑖
𝑀

+ 1 exp(−(𝑀 − 𝑥𝑖)
2)

−
𝑥𝑖
𝑀

− 1 exp(−(𝑀 − 𝑥𝑖)
2)

𝜑 < 0:

𝐽𝑖 =
𝐽0𝑖
2

𝑀2 +
1

2
− 𝑥𝑖

𝜋

𝑀
erf 𝑀 + exp(−𝑀2)

𝑥𝑖 =
𝑒𝜑

𝑘𝑇𝑖
, 𝐽0𝑖 = 4𝜋𝑒𝑎2𝑛𝑖

𝑘𝑇𝑖
2𝜋𝑚𝑖

1
2

, 𝑀 =
𝑉𝑓

2𝑘𝑇𝑖
𝑚𝑖



Photoelectron current:

𝐽𝑝ℎ𝑜𝑡𝑜 = 𝜋𝜎2𝑒ℵ𝑓 ൞

1, 𝜑 < 0

exp(
−𝑒𝜑

𝑘𝑇𝑝ℎ𝑜𝑡𝑜
), 𝜑 ≥ 0

𝑓 ≈ 2.5 ∗ 1014 ∗ 𝑑2𝑚−2𝑠𝑒𝑐−1, 𝑑 𝑖𝑠 𝐴𝑈 𝑢𝑛𝑖𝑡;

ℵ~0.1, 𝑘𝑇𝑝ℎ𝑜𝑡𝑜 = 2.5𝑒𝑉



Secondary electron current:

𝜑 < 0: 𝜑 𝑖𝑠 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙

𝐽𝑠𝑒𝑐 = 3.7𝛿𝑀𝐽0𝑒 exp −𝑥𝑒 𝐹5
𝐸𝑀
4𝑘𝑇𝑒

𝜑 > 0:

𝐽𝑠𝑒𝑐 = 3.7𝛿𝑀𝐽0𝑒(1 − 𝑥𝑠𝑒𝑐) exp 𝑥𝑠𝑒𝑐 − 𝑥𝑒 𝐹5,𝐵
𝐸𝑀
4𝑘𝑇𝑒

𝐹5,𝐵 𝑥 = 𝑥2 න

𝐵

∞

𝑢5𝑒𝑥𝑝 − 𝑥𝑢2 + 𝑢 𝑑𝑢

𝐵 =
−𝑥𝑒
𝐸𝑀
4𝑘𝑇𝑒

, 𝑥𝑠𝑒𝑐=
−𝑒𝜑

𝑘𝑇𝑠𝑒𝑐
, 𝑘𝑇𝑠𝑒𝑐 = 1~5𝑒𝑉 𝑀𝑎𝑥𝑤𝑒𝑙𝑙𝑖𝑎𝑛 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛

𝐽0𝑒 = 4𝜋𝑒𝑎2𝑛𝑒
𝑘𝑇𝑒
2𝜋𝑚𝑒

1
2

, 𝑥𝑒 = −
𝑒𝜑

𝑘𝑇𝑒



Voyager 1 background data

 Source:http://blogs.discovermagazine.co
m/crux/2013/03/20/did-voyager-1-leave-
the-solar-system-or-not/#.WaUiBj4jHIUSource: 許翔聞 2004



2.Changing charged

The charging equation:
𝑑𝑞

𝑑𝑡
=෍

𝑘

𝐽𝑘

= 𝐽𝑖(𝐻+𝑂) + 𝐽𝑝ℎ𝑜𝑡𝑜 + 𝐽𝑠𝑒𝑐 − 𝐽𝑒(𝑐𝑜𝑙𝑑 𝑒+ℎ𝑜𝑡 𝑒)

Initial condition

Change force Change velocity Change position

Change charged



Simulate the trajectory of particle

𝑆𝑎𝑡𝑢𝑟𝑛



Simulate the trajectory of particle

𝑆𝑎𝑡𝑢𝑟𝑛



Compare of stable charged and 

changing charged

steady state                                     changing

𝑆𝑎𝑡𝑢𝑟𝑛 𝑆𝑎𝑡𝑢𝑟𝑛



Future work

1.Add Cassini background data

2.chemistry of Saturn atmosphere
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