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The components of the electric and magnetic fields and the electron spectrogram and number
a2 Fig., 2 caption) for an evening pass on October 29, 1981. - . :

‘"onent of the electric field, the dipole
‘7 and east-west components of the -
21d, and the electronzenergyetime )
*m-at zero degree pitch angle and the
“'moer flux obtained from LAPI, for a
“'3de pass near magnetic local time
‘ours sn October 20, 1987. Electrons
72 1n the energy range 5 eV - 32 keV.
*"~ mode 77 :geration a 32 psiat énergy
© obtairesz svery second. The electric
"2 fiela :ata are 1/2 second averages.
‘% indicate that the upward field-
~Rent region extends approximately from
7758:20, and that a downward current

‘7 from 0758:20 to about 0759:00. The
‘"r=ctions are schematically indicated by

"ne figure. The x component of the
"*21d in Figure 2 (and also in Figure 3

“huthward. Thererore the coefficient
'~*ion between E_and AB has an opposite
. X . 1 )

" ~ase shown in Figure'1. The termi-

'nningham et al. (1975) has seen found
‘etermining the rela.snsnips between

the characteristics of electrons and field-
aligned currents. According to Winningham et 31.
(1975), the electron flux precipitating from the
central plasma sheet (CPS) is relatively stable
with respect to 'substorm time' and spatially
uniform, and its variation, if any, is a uniform
increase or decrease in intensity. The boundary
plasma sheet (BPS) precipitation is characterized
by highly variable plasma precipitation poleward
of ‘the CPS region. It is in the BPS region that
structures such as the "inverted V' are observed,
as seen in the figure. As to the field-aligned
currents, it is more convenient for the present
purpose to categorize the field-aligned current
regions simply by upward and downward current
regions rather than by regions 1 and 2 as is
usually done following the nomenclature of Iijima
and Potemra (1976). _

In Figure 2 the upward - field-aligned current
region coincides with the nverted V's in the
boundary plasma sheet (BPS) precipitation and the
downward current region is inside the central
plasma sheet (CPS). In this example there is a
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Figure 13 - Electron density as a function of height.
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MELELLLUN Bl very lUw LOtal 10D concentrations, with 1UU-10,000 cm~3 heing
typical of most parts of the middle atmoaphere,

The first ion mass spectrometer equipped with a compact high speed
cryopump was built by the group of Narcisi at the AFGL (Air Force Geophysice
Laboratory; formerly Air Force Cambridge Research Laboratory) and successfully
flown on a rocket on October 31, 1963 (NARCISI et al,, 1965). This pioneering
experiment opened & new area of atmospheric research. In the meentime, various
research groups including those at NASA Goddard Space Flight Center, Greenbelt,
Maryland (NASA), at the Max-Planck-Institut for Kernphysik, Heidelberg (MPIK),
snd at the University of Bern (UB) joined the AFGL group in this difficult
field of research and contributed to make rocket-borne ion mass spectrometry a
vivid and productive area of research up to the present time,

More racently, sempling of middle atmospheric ions was greatly axtended by
balloon (ARNOLD et al,, 19785 ARIJS at al., 1979), aircraft (HEITMANN and
ARNOLD, 1983), snd most recently also by parachute-borne drop-sonde ion mass
spectrometry (PFEILSTICKER and ARNOLD, 1984). Thus, atmospheric ion mass
spactrometry now covers the entire range of the middlie stmosphere (10-100 km)
and even major parts of the troposphere (Pigure 1). These recent extensions
have revealed new aspects and possibilities of atmospheric fon research, some
of them also stimulating new interest in the upper parts of the middle atmo-
sphere, which cean be probed only by using rocket-borne ion mass spectrometera,
A striking manifestation of this renewed interest is the development of a novel
parachute-borne drop-sonde mass spectrometer payload which is carried by a
single-stage rocket to €0-70 km, Recently, this "dropmas" payload was flown

for the first time by the MPIK group (PFEILSTICKER and ARNOLD, 1984) with great
success.
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What is §?

ies
Jl (atmosphere) - is scalar up to 85 km. For a single atmospheric ion Jat dc:

G = _‘ﬁ (Spitzer Conductivity)
my P ' v

v is due to ion-neutral collisions and comes from Boltzman Equation:

—3 %+7-?—;+%@+Vxﬁ’)ﬁ- = &) (Z0 in fluid theory)

aVat uf £z (A
: aﬁ_ T e er\A f\ - FC)
ﬁ’ - -k i)f(ﬁ‘) — % T el es fo
ot I° _:—-b (V) T lision Time 7 L
Veloity Dependent F—mean < q(b o F“_’;
. 2 . [ TJiw~
set v = % to get: G = % for each species T

To get n integrate Boltzman eqtn. over V:

dn 3n

T +V@mV) = 0 = Source - Sink  (stendy’ sWQ

& Noe Cw\ V‘“) \
=11 - otn? -Bnsn o~
?"‘A"’a \.ﬁ‘"’ w*



What is o, ? (Low Atmosphere)

m-%—?— +mvV = ‘eﬁ (force eqn.)

To solve: assume plane wave superposition in steady state:

___ & P
"~ m(v - i) goe |

From which we can get o by usiug

T=¥neV, = oF (Ohms Law)

for a single species at dc:

_ ne? Sitzer C
C= v (Spizer Conductivity)
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What is G,? (ionosphere)

Op Oy O | o B
v = oy op O where using 0, = —
0 0 o, |
P = 23 = ne‘(— +
2 2 2 2 2 2
s my(g + vS) (02 + v m_ (of + vim,
ne’B o 0] 0] ’
G = > S-S ~ neX(. — + \
H — - - /
s mZ(@2 +v2) @2 +v3m_ (@2 +v2m,
NOTES:
2
1. op—a»(so:-r-l—e—forB:O
myv

2. For B - 0, oy—0

3. In E-region ionosphere ®_ » v_ (electrons) but o , < Vv, (ions)

nez

mao

S0 Oy =



What is 65?
O3 is similar to 0, except that in this region 6, — o
‘Soocpand oy « G,

Thus we treat the B field lines as highly conducting wires
for > 300 km and T > 10 sec.

So®; = 'oo%i
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