Solutions, Tutorial 4
1.

a)

The maximum height of a Chapman layer is given by (Equation 3.5.8 in F&lthammar)
Zoo = HIn(a,nyH)

where the scale height H is given by

The pressure of the neutral atmosphere at the Jupiter surface is given by

p=nk T =

p _ 100-10°

Ny = ——= o ——=24-10"m"
keT 1.38-107-300

For atomic hydrogen:

Here we use the mass of the atomic hydrogen in the expression for the scale height
and the appropriate value for the absorption coefficient, E(H ) .

kT 1.38:107%°-300

= = — =107 km
gm 1.67-10°-23.1

Z,o = HIn(a,n,H)=107-In(3-10*.10* - 2.4.10%°.107-10°) = 1700 km

For molecular hydrogen:

Here we use the mass of the molecular hydrogen in the expression for the scale
height and the appropriate value for the absorption coefficient 5( HZ) .

b _keT _ 138107300

= = =54 km
gm 2.1.67-10%.23.1




Zyae = H INn(8,0,H) =54-In(6.1-10"°-10™ - 2.4-10% -54-10%) =819 km

Atomic hydrogen gives the more realistic altitude of the electron density peak.

b)
dn, _ q-an’
dt )
q=0 =
dn, 2
=—an, =
dt

1
— = t, —t
. +a(t,-t) =
N - 1 _ Neo
e i+a(to—t) 1+aneo (tO_t)

neO

Jupiter’s rotation period is 0.41-:24 h = 35424 s.

For atomic hydrogen:

Neo = 2.5-10° cm™
a =10 cm3s?
Thus

5
n = 25-10 =2.49-10° ¢cm?

1+10%.25.10° -35‘2124




Virtually unchanged!

For molecular hydrogen:

Neo = 2.5-10° cm™

a =108 cm3s?

Thus
5
n, = 2510 35424—5.5-10‘°’cm’3
1+10°.25-10° - =———
Changes by a factor of 45.
2.
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b)
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What is VB ? It is actually easier to calculate VB? =2BVB. In polar coordinates
oB? 6 ;.
VB?) =——=B.’R(-6r"cos’4——r"sin*@
( )r or P E( 4 )

0=90° =

(VBﬂr=—§B;R§7

The 6 component is zero:

(vB?), :%% = % BPZREr‘e(—Zcosesin0+%2cosesin 6)
0=90° =

(vB?), =0

Also

0=90° =

B=%&R34

Then

267
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I.e. pointing towards Earth..

The drift velocity is

FxB ,u(VB)xB

Vit = =

qB’ qB’
Since all angles are 90 degrees

4|Vl

qB

Varie = ‘Vdrift



Further

2 2

mvi mv- W .
u= = =— since
2B 2B B

a=90° = v =v
Thus

3 2.6
_W|VB| _W|VB| W.3B,RE-2°r _{r=5RE}=6-25-W _0379W

V... = =
“ B gB  qB? q-2r*B2R? B, R, q

For electrons with W = 10* eV = 10%q J we get

vB s
Vg = W IVB] 5379200 _ 3790mys
B qB q

The revolution time T is

O 2z5R
\" \"

T =14.7h

For the ions T will be 16.8 years.

4.

Seeing the magnetosphere from “above”:

®B

L=20Re

The induced electric field from the solar wind is

E=-v,, xBg,



If we just care about the magnitude
E =B
This gives a potential drop in the east-west direction over the magnetosphere of

EL =vBL =350-10°-7-107°-20-6378-10° ~ 310 kVV

The distance r from Earth’s centre is 10 000 km + 1 Rg = 16378 km. With 8 = 0 we
get

Mo 1
B(r)=—"—
() 27 13

The electron is mirrored when the magnetic field is

B
By,=——— =
turn Slnza

Ha 1 pa 1
27 1’ 27 r3sin‘a

turn

=

= r(sina)®® =16378- (sin15°)*"® = 6655km

The altitude h will then be h = 6655 — 6378 = 273 km. This means that this electron
will have a reasonable chance to collide with a neutral atom or molecule to produce
aurora.



E =18 mV/m
B =51000nT

06

ExB_E_ 18.10°
B2 B 51000-107°

=353ms™

Vy =



