


Primary lonospheric Regions

Region Altitude Peak Density
D 60-90 km 90 km | 108 -1010 m-3
E 90-140 km 110 km | Several x 101 m-3
F1 140-200 km 200 km | Several 1011-10%2 m-3
F2 200-500 km 300 km | Several x 1012 m-3
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Simplified view of the layers in the ionosphere over the period of a day
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lonisation

1) Photo-ionisation

A+hy > A

A+hy—> A +e

dne
dt

=q—L+T



1)

2)

Deionisation

O"+e — O+hv(10ev)
A +e > A+hv

A"+e+M > A+M +hv

% = —a.ne.n(A")
dt
dne ;
= === .Ne

dt



2) Detachement

a) Electron photo-detachment

O, +hv—>0,+e"

O +hyv—>0+e

A +hvy—>A+e

dne
dt

=y .n(A7)



b) Electron detachment via collision

A +M o> A+M +e

dne _
7 =v.Nn(A").n(M)

7/ - 10—15 _10—16



3) Attachment
O,+e" >0, +hv

O+e -0 +hv

A+e A +hv

dne
— =-h.ne.n(A)=-p.ne
at
dne
—o ~Adt > ne=nege —neoe‘“f

n(0,) ~10% p(,)~10"  7(0,)=10"sec =3h

Z =100km . :
n(O) ~10¥ b(0)~10" 7(0) ~10°sec =17 min



4) Recombination dissociation
Xyt +e o> X +Vy
Xy+ A" > xy" + A
At night, recombination can result in the loss of the D region
O,"+e- >0+0
NO"+e —>N+O

N,”+e" > N+N



dne f
{Wl =—k,.ne.n(xy")
Mdn(A) | T
] dt 1 _ kl'n(A )'n(xy)

according: A+hv —> A" +e”

dn(A") | | dne |
[ dt } » [F} k"
g =k;.n(A").n(xy)
q=Kk,.ne.n(xy")
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we know n(A")+n(xy")=ne

9 9

+ = neé
k,.n(xy) K,.ne

ke n(xy).ne?
T kn(xy) +k,ne

1) k,n(xy)>>k,.ne= q=k,.ne’ comparing with q=—ane?
2) kn(xy) <<k,.ne= q=Kk,.n(xy).ne = pne

comparing with q=-/ne
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f xy=0,, A=0

-

0,+0" >0,"+0+1.53 ev
O, +e0 - O +0 +6.96 ev

e

O"+N, > NO"+N+1.09 ev
N,”+O — NO"+N +3.09 ev

(NO*+e" > N+0+2.76 ev
N,”+e" - N+N +5.02 ev
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1) Negative ions total changes Formula

A ATEEARE AL

IN(A) _ 4 n(A )n(A")
dt
dn((jf‘_) =—a..n(A").n(A")+b.n(A).ne—y.n(M).n(A")—y".n(A")
dn(A™) 0
a0 .

b.n(A).n, = 7.n(M).n(A™) + 7' .n(A)
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,N(A")

b.n(A) = ».n(M). ”(nAe_) ry

ne
n(A) _, L _N(A) __ bn(A)
ne ne n(M)y+y

2) Electrons total changes Formula

d(ne)

= —anen(A*)=b.n(A).ne+ yn(A).n(M)+ »'n(A)

dn(A°)
dt

—a,N(A™).n(A")

14



d(ne) L q-crnen(A) - dn(A")

™ r —a;n(A7).n(A")

N(A")=n(A")+ne

n(A") = ne(”(:e) +1) = (1+ A)ne *
i N(A) >N(A )=Ane **
ne

dn(A™) ¥ d(4.ne) i /1% ) ned_i -
dt dt dt dt
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d(ne) = —Ot(l-l- ﬂ).nez _A%_ned—i—aiﬂ(l+ ﬂ,).l’]e2

dt dt dt
(1+i)m:(l+i) i_(a_l_l&i)neZ_ ne dﬂ,
t 1+4 1+ dt

dg'][e) :qe_ae'nez
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lonosphere layers formation theary

dne lonosphere

— =(-an’ - Bne

£

—
(4]

rad

=

2

=
=

10°
Plasma density [cm's]

17



Transport

OIE:q—L+T
dt

dn

e —q—L —div(NV
~ g (NV)

d
T=——(n.V
dz(e 2

dn,
dt

:q_L_i(ne'Vz)
dz
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Ditfusion

1 dp
N
Z N dz d
p=NkT > P 7 I
Z dz
= _ kT dN_mg
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dv dmyv

F, =ma=m—2= Z
dt dt
Amv , =F At
. _Amv, mv, my,
; At t 1/v
KT dN
yYmv, = — — Mg
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y :_kT (1 dN +mg

1 vm  NEaz & ki

KT 1 dN 1
Vi — — ( +—)
vm N dz H

N _ Noe—Z/H

WU
vm

D

VZ=—D(1 dN+ 1)
N dz H




VAT N
V, :BFZ
kT
1 mg 1 _mg
H KT | H, KT,
N = KT, | N = KT.
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viRY, , m <«m

my, <my, = D,>D, =V, >V,

- kT dN mg-e8
N dz
e kT dN _mg-+eE
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1 dN, 1 eE,
-+ =

-D
2 N, dz

1 dN, 1
+— +
N. dz

1 dne  iSENCES
g
ne dz

(V).
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Une-Fluid Theory
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iy
+

1 dN, 1adN _
N, dz N, dz

0
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b) Formation of the F2 region

Photoionization:

O+hv—>0O" +e” (A<911A)

N,+hv — N,y +e"  (A<796A)
(fast)

N, +O — NO™+N
Q+hv—->Q +e (A< 1026A)

Dissociative recombination (rapid) :

Q +e »>0+0+hv & 200

“Airglow”
NO"+e — N+O

N, +6 —N-+N

Qf +N(*S) ->NO+O

key reactions

1)

(2a)
(2b)

©)

(4) k,, ~3x107 cmis™

) Ko ~3x10'cm3s?

N

(6)
(7)
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Radiative recombination (slow) :

O"+e >0 —>O+hv (7774A)

Charge transfer:
O +Q, >4 +0
N“"+O—->0"+N
QG +NO—NO" +Q,

Ton-atom interchange:
O +N, >NO" +N
N"+Q, ->NO" +0O
N*+Q, >O +N(“S)

(8)

(9)
(10)
(11)

(12)
(13)

(14)

~2x10*em>3s

~1x10%cm>3s
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