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Lightning has been observed not only on Earth but also on Jupiter, Saturn, Uranus, Neptune, and possibly Venus. The
conventional collisional charging theory, which assumes charge separation through collisions of ice particles or droplets,
cannot fully explain volcanic lightning, planetary lightning, or blue-sky discharges. This study integrates four mechanisms:
(1) the Acceleration-Rectified Dipole Alignment (ARDA), (2) the Dipole Proximity Electron Relay theory, (3) the Dipole
Series Battery theory, and (4) the Capacitance-Decrease Mechanism. The ARDA explains how molecular alignment is
rectified by asymmetry between mass and charge centers under external acceleration. the Dipole Proximity Electron Relay
theory explains how electrons propagate domino-like between adjacent dipoles, forming discharge pathways. The Dipole
Series Battery describes how aligned dipoles add their moments to form a potential difference (A V= a X E X d). Addi-
tionally, The Capacitance-Decrease Mechanism shows how growth of ice particles reduces capacitance, leading to voltage
amplification. Comparative analysis indicates that on Earth, aligned water vapor initiates charge layers in thunderclouds,
while ice growth and capacitance decrease trigger discharges. On Jupiter and Saturn, extensive alignment occurs within
deep water - ammonia clouds, where alignment distances of tens to hundreds of kilometers allow much stronger potential
differences than terrestrial lightning. On Venus, however, the CO,-rich atmosphere and sulfuric acid clouds provide few
dipolar molecules or ice particles, so lightning is limited to localized regions. Sensitivity analysis with alignment rate n
and dipole fraction f shows that higher values sharply increase V — I characteristics and reduce the required number of ice
particles N. Thus, in ice-rich environments such as Jupiter, capacitance decrease strongly accelerates reaching the discharge
threshold, whereas in ice-poor Venus, this trigger is absent. The integrated model is consistent with observations from
the Juno and Cassini missions and offers a unified framework for planetary lightning. Future work will involve parameter
identification from spacecraft data and simultaneous measurement of alignment, dipole fraction, and particle number.
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Figure 1. Planetary atmospheric comparison Figure 2. Sensitivity analysis of n and f
Planet | Main compo- | Pressure Temperature Main dipole Acceleration sources Sensitivity analysis of n and f
nents (bar) (K) molecules
800 —e— f=0.2
Earth N5, 0, H,0 1 288 H20 Convection, storms 700 -®- =05
Venus C0,, H,S0, 90. 730 H,S0, (weak) Thermal convection rR==i=08 a7
Jupiter. H», He, H,0, 1-10 110-160 H,0, NH3 Strong convection,
NH3 planetary waves.
Saturn. H,, He, NHs, 1-10. 90-140. H,0, NHs. Strong convection
H,0
Uranus. | H», He, CHa, 1-10 60-80 NHs, CHa Convection, rotation
NHs
Neptune. | H,, He, CHy 1-10 60-80. CH,4 (weak). Convection, rotation.
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