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ABSTRACT

We show that Io may be considered to be a unipolar generator which develops an emf of 7 X 105 volts| = > B I n a ry Of
across its radial diameter (as seen from a coordinate frame fixed to Jupiter). This voltage difference is

transmitted along the magnetic flux tube which passes through Io. The induced charge separation on the
surface of the flux tube causes the plasma within it to rotate with Io’s orbital angular velocity. A current

of about 10° amp is driven across each foot of the flux tube in the Jovian ionosphere. The current flows up +

along the half-surface of the flux tube which faces Jupiter, crosses the magnetic field in Io, and then flows

down along the opposite half of the flux tube’s surface. Because the number density of charge carriers in
the magnetosphere is low (we use # = 0.5 cm™ in our calculations) the current must be carried by keV
electrons which are electrostatically accelerated at To and at the top of Jupiter’s ionosphere. We argue
that beam instabilities in the current sheets are responsible for the Io-induced decametric bursts. The
geometry of the beaming of the bursts strongly suggests coherent cyclotron radiation as the emission
mechanism. In addition, we are led to predict that Europa should modulate decametric bursts whose max-
imum frequencies are below 8 Mc/s.

Bigg was the first to demonstrate that the position of Io in its orbit was strongly correlated with the
reception of Jovian decametric bursts. Previously it had been established that the detection of the bursts
was influenced by the position of Jupiter’s magnetic dipole. Our aim is to explain the origin of Io’s great
influence.
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* EMF Ex10°VIQOD) L

* Current | =v/R=~10°A] C

* Power p_|v~10"erg/s] @

n n - >. F1c. 2—Current circuit in the meridian plane (not to scale
Velocity Vv/c=0.1

* Two stream inst. e Unkown for

->Decameter Burst compact binaries

Coherent Cyclotron
Rad. @ w_B=10MHz



Magnetosphere of NS

 Merge of Mag. NS + Schwarzschild BH
Lyutikov (2011) PRDS&3, 064001, 124035
McWilliam & Levin(2011) APJ, 742, 90

» Merge of Mag. NS + (Mag.) NS
Piro(2012) APJ, 755, 80
Lai (2012) APJL, 757, L3
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Order ot Magnitude

(Mag. )X (Vel.) X (Size) = EM Power

* Two Steps
. Ep E,=-Vv,xB,
* Bt B, ~vxB,

Ideal MHD

* Poynting Flux P — J‘dAy(EgB¢ _ E?BH)/AJT

Bt X Ep

Current circuit (I,V,R)
ExL=V

=0
Stat. & Axisym.

Bt/L = I/LA2 P~VBL %IV ~V*¢/R

Resistance? V=IxR

R, =4x/c=3770hms

Vacuum impedance




P~Vv°B*L“~ IV ~V?/R

* Pulsar P~ 170" ~10%rg /sy, Q)
dipole B, Rotation, Light cylinder

 Kerr BH (BZ) P~B*(a/M)°M°
Bin dis.k, S-pin, .Horizon z1045erg/s(M9)2(B4)2
+ negative ingoing flux

O or finite? Big Problem

How realized?
Resistance?
- Merge of NS Problem”2 ?




Merging Ns+(Ns, BH)

Current circuit (I,V,R)
EMEV = (u/r)xrAQxL*

Current | =V /R

Power  p1v~V?/R
Potential E x10%ev

Two different points
Virt) reQ
v'Not synchronized

M=0-0, o 0" o



Luminosity before Merge

R=0c"'=4x/c=3770hms
[1Piro(2012)

P ~10%erg/su,, ' Q," (AQ/ Q)
B,/L~1/1%1=V/RV/L=VB,
ClLimit (Lai (2012))

Circuit broken for large
twist

c=B,/B, <1
P ~10*c[erg/s]




OOVacuum impedance(Resistance)
R, =4z /c=3770hms C_lE’t =-4n/c+VxB
| =oE
* Displacement current is
important when 51> R, /274

* Rvis large

* Rvin stationary problem?
BH -> ingoing flux

NS -> 7
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More Constraint(study), Less Power?

2D(no?)
->3D+Time-dependent=4D (yes?)



