—

-

R

1.

2.
3.
4.
5e

Ta
8e

10.
1l.
12.
13.
14.
15«
16.

TABLE OF CONTENT

Relation to other named regions.
Tonospheric layers and their formation.

D region chemistry.

E & P region chemistry (main reaciions )a

Ionospheric equations.

Dyramo theory.

Elec"c.rod:mwaics.

Components of mobilitye
Conductivity.

current systems in dynamo layer.
A simple summary of dynamo theory.
Thermospheric temperature a1_1d pressure
Thermospheric winds.

Formation of the F2 peak.
Electrically-driven wind.

piffusion in topside of F2 layer.

variations.

INTERNATION AL ATOMIOC ENERGY AGERNOY
UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND COLTURAL ORGANIZATION

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

34100 'P'RIESTE (ITALY) - P.O. B, 746 - MIRAMARE - STRADA COSTIERA 11 - TELEFPHONES: 2242A1/21074i5.:8
CABLE: CENTHATOM - TELEX 480392-1

SMR/98 - 19

AUTUME COURSE CN GEOMAGNETISM, THE IONOSPEERE
AND MAGNETOSPHERE :

. o (21 September — 12 l‘fovember_l982)

TONOSFHERE 3
(Lectures 1-4)

H, RISHBETH

Rutherford Appleion Laboratory
Chilton

Dideot OX11 0QX

U.K.

ie are préliminary lecture notes, intended only for distribution to participants.
zingr or extra copies are available from Room 230.







=
L

O

lonosPHERE 5 (lecruaes t—4) H RisegeTH
AT o
The D,E,FI,F2 lwes ame foomed wWithio regeons D (ciow abod Grkad PN
E (9o AN 2 NP (?_,Js‘o kn) wikhin the Jonosphere
(ONOSPHERE  “The ot af e Lpper atmosphere where free
“loncsd” giectrons exrsk i SWfficiat aumlers o infleence.
. - the Prcp-ajo.twl.« of radio  waves "
_ §[ . Réiation ta cther Named. 24ions ) ] .
VMoSf:' of the lonosg lees withdou  the &ermoéi:‘ - the. requon 4‘100
of h‘ﬂk_ (red Voriabla) tempernlure heatz - [nj X rags a~t 1% ¥

from tha Sun — the Same redialions thal cause. Jon(Zabfion aad.
issomatiam of akmespheric qases. Ak te Tep , the thermosd
rmeeg23 wnts  the EJL_C’E’..CF ¢ et tha betbame R tha 'ﬂ'\ErMCScé &S .
bruadeda oy be mesopasise — tha temperaline. mitinem ar BO-%8G =

ke . Thae lowes Ionowd lies withias tha mesoié Lin whack E’
there is Sovms  heabing due be the obyorpben. of  long UV a ezene, % ey
but that hes ot muche to cdo with the ;oﬂﬂscf——)excep{' {umu,,jﬁ)
The tercsd  atso les ot the bare of o mMognelssd , D
rejuéwu in which. Chaged Poctrcte. metieny are Controiled

by he eorth's Magnebie flald.

K

§2_ - leorios;;heﬁ'c: lavers. . ard . thedr formatian, .- . - 200
Fig . ¢ Typest mittatituda  N(R) ctistribtioss of eldctodosaty ¥ feight
" Fig. 2 Neutrad: oad Lo Species | ayercfe. Sunspol munimwrn condutiens
Neta, © Above (00 k. Qack Mewuad qoa will e dAdstrdndad-
vertieally oaccorling tn U own seale heght H
1 e porbak pressee. P ooC p=h/H L4 H= RT AR -gwwut

Mg (M -melasr
lonizoticn: Limiks fgjm) Seme. ipartant fadioticns GO
N, 79 6 nmu He I 30 4 nm-
- [&] S ) . He. L 58 4
imporbant u
- S 2 pretoncsd
O . e3> L .
2 toz.7 impareaag in Composn ‘Y ﬁ o2&
NO 124.. O D reqiens > Ly ot i21- & ) | |
(02 iA) tir- 8 , , ij. 'bﬂ;z"'s i : et W 2 i | i - l " . '"E':
0, dissocinted radiation, 175 nm obal Sclorem - sl kwm : . =
§ _z issociabed (o (seter arstnntd Rug, | - 108 | 108 IOQ tO'O lO 10
Fz loyer : same as Fl, see §4— 5 H =3
= ’ Not sharply disbingusshas Eleciron dansity m
I oteger 20— s ns v i e e
Ol e (02°7 e u . . . - ‘ ‘ (|
E (0»34.’ { ] —_— Z0 N X "‘:1-‘ gl‘omus ol L;.t‘:;pg\:; :\5.;( T‘yPICaL de.LO.tL'b-l-d-e/ e.fe,otforb d‘svlbu-tlons
o-f — I nm Houat X VB é.lon-m atl | veny varalte . ’
D '°ﬁ'-"' . mportant of Stam S stucbed
- Lyot ! lonizes NO onty . Magor saurce-
(F‘S‘ 3) DV (<iit.8) loaizes O, (fa) metasiabtes

C laﬁ-nf Cosmic ans _fonga.u__mw smalk



i
‘
i
i
{

of neutrel

a\ytf‘me

s

and (on specles at
Sunspot Minimum. .

distributio

75/1‘:’: cal d
10!

Fig. 2

Hz

Concentration, m~3 .

AHea
lola

Ar

700 F
400 -
300

109

wy *ydoM

106~

a5t "E Region Taal”
lyf + EUV + X

60 by {NO} o

® U0, 0’6, 8

Height {um}

70

€655 C.osmic Rays .

GoL—t - .
TVCIRTs LI R RS | I L (o

lon pair production rote {camiss™)

Fiq. 3 lom-mbja.n_whzl‘:a; u'ul' qx,u.e: D Wglon , Sunspet miimums
(TFomas ,1574)

3.7 D resion chemus

: Negative. ions formed by attachment of electrens to newbals
Neads 3-body colitscone (t conserve. energy & momentum)) se only
{mportact @ D ~eqeon (ges deascey s tao fow i E & Fragions)
e + 05 + MV — 0,7 + Mv(nrgmpmn&)

Negotive ions dastroged g

bhotodetachmant (VHWEa, W) 1 O30 +ho — 0, + <
d5sotallve debuhmect : @-g, O+ O O + €

BuL : maay futhal resctund Creabs Complax lons (O , NO, , NOy
Wheeh may  becoma- hydietzd

Foscbive ons fonizing processea give N;' 0," no*
G- gots convetend ta 5
Complex chawns of reactums with H, 0 Jive hydmbes s
Sueh as HY. (H,_O)n_ . lon masses = 200 have (eos-
delectnd n. rockal espeaimects — P"—“‘:L'fd: et et
Necessondy , ossonslad with. h...gk-t.:z;—.tuu_ noe brlucent cloudy

fon_bolance. eqpatssna  (simpiifiea !)
Chum‘s&j detesrmenay Aeqakive lon vatic A= N_ /Ng__.
Representntive vabion : 90 kme BOkw 7Skn 70 km 65 km
A — o3 103 o™ 1~ 1 DAy
Given. A we qet the balance ; -~ P > Niar
2 we - {on - elte brop- foft - (o
. (’:'f CG“\SCdeIWj + T wera ¢ | Pholoionizelien, \ fecempbination., \fecombinalosn,,

Neta: Ny =N + N_ =  eNiNe + oG NN

q

. 2

=+ AN } : = (H—-Agg«g + Ao ) NgF
( ) = (é&nﬁ%i_bfg in lower D freqion. where. A i5 Diq




®

§4-~ EY F regqcen. Chefnc;strj (mawi reactiens)

Photoron zation Recombinabich

Ny + hy — e + N’—FZ > NS +esN+N
N, F +

+0— N+ NO

O + hv-— €+ o“‘{"o“w N,— N + No"‘} Note—>N+O
0t 4+ 0, > 0 + O::'{

- Ot e-50+0

07_""' v — E"f"og_‘f.

Notes — OF can@ recembine directly : (o conserve Lech rwmm!l-m,
dnd energy need Lo emib phlims (vey suw) or 3 body cliscon
(tro rove v € & F +2gre3 )
— sz' s v‘ér&uablaj' absert ; fwed reackusas With O as well o
recoemininalion (0 ordes ta explaca
—> Recembinatioh Moy leave- (macaty) O atema in exelzd Stalia
giving Cli(jLU‘N (Whlch also ariges frem Men-oosphanic raclions )
Simpified Scheme. ; @ssumig Steady stale (2fze =o)
e give essebiads of loss Pproeassay /

N ,
04 bt —» 0% b e (mie q) | o8] = q — k[IN:]
Of +Na —> NOT 4+ N (el k) [ BT = keIl NN,

+ et
No"+e& — N + O (Ei‘ff-d’ "é_ﬂt_Nq_ = g — xNGIN,
AL lower haiahts AE higher  heighis

GAD,

N, s sca<e

(& lage)”
Aznty of N

L 01- rn.pudiﬁ anvertad o NC>+
" Neaty att oms ore NO™
[rvofl = N
TRt eqprabion. qLves -

a s
;{iNa =0 =g —ah”

Crapman

AL ifermedeats  fouh
(Fl Logor)  Con Show that @ = = _—‘I\TL +
W«:&u O; thas CLU.M(Q/&C (21,_”\_, s cp oL e f?)Ne
. : n*
Ne = ‘i% [t 1 +46 ] s G= b

Skows N, vz he:_jkt for different values of G .

ot Ve slaly Convedsd ta ot
. -+
Onca formed. , the NO recmbvies ‘*Uj

: . Fist equativie beremes ;
i Ea&.[oﬁ] =0 = g, — @Ne
. Wwhere !5 = K[N;T.

= _ G [ol pess
Ne’— waﬁ;] D.St&f-’.s‘z

1

Fig. 4

. e :
. J\/\za,x:[ afl (ona ace O)[oji— Ne

Fl-layer Shopes , &y
Solving tha q'pwmfic @,

h
is a mMmokad Fl ?
G & g oced peome
G s small.. Thss gives a
clue o> 5 why e FIL S
Samebumes Seen , and Someburay
Ne_(mf_(ua& N) —_— pet at mid lattudex
B pcc [N,] 30 G gete iger § thare is more
G = -E—- ' N, a5 happeas in Semimer, So sae.
_,,OCQ/ = _ FU lages beftar oy Sunmas tRen winlis
<,-"’ T q, gets bigqur with worensly solar m(w%
o “doesi & vang mesch. Se See Fl (g bellas ot suaspet puiieay
(dependa stxgikisg (alse sometrnes see Fl layy Leles dicing

en (-_::npon,u.._fe_.) an eclipse whear Qy s Aeducad )

FZ  foyesr The N = % [l
< oges Ceqpration B o N
oxplacas why N Reesssn wpwamta above Be F] Lﬂda./.-Ru-t
(F coes neb oxplecn. wWhat (anits N ond cawses Ra.
FZ pear. The answes 5 thet the ’dmm’?vqcmu
ceprodudtasis and. loss — gek Weopal wieh :":”“"“‘3
ark . Evma»%‘ cennat. breveak
Z‘:‘Sm asd (o &Wﬂ_uua f:o-b.m-j u{f o 5ra.w'{:4:t¢;¢1\-.ﬂj~
Conunlled dustnldied, , Wik N deaeesing upwads,
Just on  the newsat Feses oo (Fig.2) (314)8)

85 lonosphenc Eguobicna
The cqualicns We have Solved are simple cases of Tconservation.’
eowd&ams that ore very (mbportant w ibﬂosp)m.f(c U‘Lurd-_

{En.ﬁe ;{} = {gg,_,{g- — {L_sgs__s};i {Tonpert}

EJ(cm_LE les ¢ hmja.
' Be combs - D e,
Continwty equn.. I\r{'wntf-ri f’ Produs cbesin k:t:mt :Df{g't“
Drivin 5 Frictional Aa yeclion,
Momeritwn_ Rres Ar‘ad Vrscgzs Lt_\l

Eapn of melion-

Heat balarce equa . (% nductedn
| Conve el

Tempenlece [Heatiiq Cootus
(2racqy Cqpadion ) A ;) (Rmm:rj;\)



@

8¢. Dynamo Thecry (Fig.s)
‘ The atmosphance danare IS dives by  Winds tn the
atmosphare. thet blow across  the Senmaﬁm (ﬁ.n_l.db (.u{e.a)

@

Creating  an  inducemd electne fold. , Which will dave
eleckne. current f the auwr IS Condiscting . Howeves |

the Condirckivity s only  good enoujh % o

Cerocie heghts (roughly e E lager) for smnificont

currents te flow horizoa . Above tha E layer

there 15 o Vary I’uﬁk.. conduckivity a-Lcnj the Geomagnetes.

fleta. Lines | whech has three importoat Cem :

F~ layer
Drift
W=E xB/B°
Effect
(24")

Magnetic

Eiectric .

(1) Electni polanzabioi £atds qenarnted G e E loyesr o .
troasmibted. T the overlyly F layesr (the 'motor’ effeet)

(i) Electna Cuments con flow frealy aleng Foid loes ok
meddle gnd lew  lalitides ta tha opposile. hemusphze

(‘u'i) At !u_'ji\, {atiticRan | electine fubaa Gensmizd. w e

mognilosy coa be brangmutted. aleng fleld lLaes o =)
ik B (onesp.
Tn the E lager cGaf, fieta oligud aurents flow & Prevet veltages building wp.
_5'ou.:ces i (173 O-twh}«u\-c 5;‘1““‘“‘0
) Solar heatius  (Much Mae unpertant for atmesphene dhon forr
Gceon todos | [Ecage the otmeosphue Con be haatad. pr“—‘-kh)

polarization
charges

NN

Total
Field

P

UV, X_rbys  heet the thamamg } Basic diwnel (24 hnv)

pPercrtt , withe harmanics
Leng LV heets the @zone. er 2.8, - hous .
- - inn the mesosphese.

Infon Red  heats He (owes cbmesphice  aned grouad

ricld E

MOﬁﬂétoSPhen’c
E]e ctric
Fieids

¥

Pelarizction

{ such that

div J=0})
v

(pwdb‘-é'(—j of Manor (npetasce fire tiass)
@ G ravibntmal  [ore Ma.«'dj linar. Thrauce, weaker 124 how Gde

Dynamo _Theory

THepe forecea escite Variows 24 12 % (24 (d-c) hew—
sscill ateena  Wiho d,x.w yerticel Wa-ve-'.z_ndﬂt—% and

induced

c;ugaa-q leattodenald Structioes . The O-tmrslpkn(e_ Teapaonaiin
e theaz Sedeetiveday Sn cdtitem, thes om Leﬁjl:zxuﬂ
varatiens  (plostery waves ok, — vp te 26 moncls perod ),

- - T o e Cycras pus day | drasasd ol

The. Mmajor Cdat., mowes ope designated (rf ,m.)
Each has s own. RoriZowtat £ vestecal. structo.e ™

Fig. 5

. lats Gard€ structiie.; con bbb —VE

(¢} Venatoon of sumplitide wicl }m_‘g.c:(— The oamptutiode AV}: (e tha
relate o pressare Puf.udu&..w) (rcreoses Lpwards A3 @ Cour dm{_[ﬂ)deu-cm_,
ond 5o dwer The amphisan (U] of da Osceeted bddl wind ) Swl et
the Kitete €nemy danslty -{_P!Uiz remdny  Conatind -

Gt Lovet Orp) ~ 1072 , (ul~ 5 ams }P_@Nfo"

foa km Y R T , o] sems” Ple)

lzetive

s

(
TLoord
S

irizontal

e wpward. pcreone of omplitude mey be ntermphd by o ) I
) Hfiection. o+ broppoy ot cetas Gvels  — dopandy on  lempeoalive Strudi.e

) n,onbm./‘[,m&'.j’ o wWordd ode smeller -scaka malins  whan S —3 )

(1) Viscad onh eloctasal dissopalGan . He Sy d



@

We wse sumples “kinetic theery' approach .
Bag winds (Say tens of m 37') Canm be Shparempecd o mich t
rondem fhosmat motieis ([ km 5 fiv jons , 200 km 57! for aleatena ),

87

Electroa ynam ics

lonosd  almost exactly noubumk , pestolily o within | poc w 0'°
Thaa Ne = N Moo ool N, = N, +2N,, ~ N_
elec pescteve rams Fan s e .
- g A e s e
Genemity weita Ne=N =N, anpt veteeey ¥, Ve

For newbot- Boncartiotion. M, Wok aseteegy U
% nend 6o (deatify whet pecies ,ust [ T

Gurs epain = Ne(¥: = V.)
Must have chiv] = 0. I nst tue , imnesds potoci zotum chares
- bl vp (to the extmar ot [Ni-Ne | < 107" Ne )
cad the ru.u...:f Potorizati g !!
e \l; A Ve Swik thet div j becomea Zarso.
S50 have induced. filsd UK B ona  potenizaticn fiatd _VQ'\, et
Thus Eten.f. = Eimud."_ .,E_,pc(en:."' = ng - V§

ks ¥ Londacelive (e —_ ’
o corents is goren by o Sty G = @B
(Lmur we fina that E s constont with heght (alnesc) -

can then kse ‘u.!‘sh-l-mf!ﬂr'lh-l-cfﬂu) Carreat g,wu:tvw;_}" J = Z . E tolad

i ==
ions etectrc fiekt.
To compule the Gurent We must see howqglel crpngfresbore & {wr £

e — — - —em e =
Tonsider motion article v Mmagnatii. fisld, - FORCE
Microscapre pictoe - .  fmars f Eeten]
) N PR
gsm-ﬂ.n-\.- abmt magretel Fald (3 inkerup@ol {‘51@ (B‘) {Q’ (B)
i e 2PN
by cotlisima .@' many  coltisigms bes Jyotion , AN !

~ i '

pubte ruves - dimetim of Spled fove . 156 i 8 xelmas?

¢ e Colllouvs , Pasticle mows scaswags  (Cyclodded Grpa nctigh)
Geniing ﬂt[‘c‘sb\j Cnagy on Eadh  GYrailess.

Macroscapre, pichpe. : we Waat (elation bftucon VWATTLL ond fore

Pm#ha., mass Mo, chorge T€ (=+¢.§'.vpm,—1,ﬁ,:atub“.)
Colliscon frequarasy VT wick nowtat potecled . Gyofeparey &= Befm.

Electns fiea: impres fmce TEE (ippar sigas on | lawes sign clain)

Nawtisb~ar wird imposea  forea  mil (with St Aaflibics of 12).

37.':,!. vebas
100k idiabibals

So forcw o € =t BE +-rmaal)
O avngr pa¥jar = © = F— muV 4 eVxB
{Stanay ange Forivns fmad ftreg 3 flomarz a3

Take z-oxis pamiel & B.:
Fepctre ! o =

c =

Fx — mvV, + O\GE,
r_y _— va_,T— vas

L = Fz_mvvl

. Note core thet (evel W=
is different

Stz & 2 ¥V =

k. F

g‘nr{.:,rmum&} compeneat  §F csa B k, = "_l:_J - -i;_e %’_

T
Transvaie P copowe IE 0t LBk =k oo = G0 g
i o L wlf ek B2e g gt
Note that Voo T 5o decreorss exporslially with haighk T

' So thise
Whertats m:_B_"% vanea Slowly with Amjid‘: (MB% pot {foims

daffers by 200 behukorPle § eqlator

MO.bI‘L.L'tj versus heaghts
! o portiele

r one Rind of

" ke increaten wpwords cxboniflatly

. ]
i ki has ‘;c.a.&vﬂobx,zs—-;
b (evef (o o= AN

W= > leg seata.
, ! . Rormalized
ky s efso g at lovet wall, T Ve
ncregacnyg  Lpwossl t=
Y A Scale
‘ hm-.hm_, Vodus Be

ko

:Nﬂw usa these equalioid 5 see how lons £ elactons mavzt‘i{ffasdue_'bﬂ.
D fidl E ov wind U dlrected. elthes paniiet b B (z) or pop & B (o4 %)

(Upper sgn- Tons  lower sighn el Y.
giecie Penn (74 71 wivo [Fy ]

| Foree Ao

T o050 we@u e
! o o2

Forea o Vi = %‘x LTVJ_%,?— ]I Vx=@u'<m’-

S | |

E [ _ @ v

Yy = @'BX Vet Vy =\&/Ux TS
; Ky ®

Mot iy = 8t e s s 8 ooy 9 b Koy 00 K

: SumMmARY oe  H lone £ ELECTRONS MoOVE

: HiGa Uf
TN . - . Low BOWN, mlLe)

Pt | 1B eyl LB vwe lja s 118 P&
e o-a;‘m. Commet| o5 applas . Mave Motion inchasa b | Beth fove withe

: Ex/en
Fiete £ ws frecty o | paulish ta £ f [force ok ayla 8. | velaty =75/p
Flue 2 f‘ﬁ:‘l"“ﬂ’*"ﬂ’ S Iﬁ*""‘"ﬁ,‘:::sg I NO_ cormRENT
" ) . CaLLER - .
Wina ¥, | Move w f"‘{," g] Move with wisd! elestrons mave. | Don't Move (ﬁ:i:ﬁ

| oi fFerenkly

'. J—

125 — 140 km long NIpeser
70 - 80 ke for uectms\

for

electrons ond tonS




Yooy

above 100 km

PR
wne
'L
""""
.
. .
.t
anv®

Y20 e
below 00k 7
. Y

70
km

[Fig7] Drifts Due to Electric Field
- EL,,B;_ Electric

Current
Electrons — — — ==

Y

-~

Fig. 8

lons ——+ e

AN
above [00km

e -

{ v di=l
] i below 100km

km B8 km
(in) '.
Drifts Duz to Wind

Electric Current -ve-«««-pm '
A
Electrons — — = =



®,
§9" CM 3 " . E
. Ohm_‘s Law or 1onos¢: :1 = g“ NV(NE)
We alse hove Jo= Ne(V, = V) ans (V= k. eE
(using menliey eguoGa with just F = +eE Yy Ee =-§9.e5
Fb.u:aa these fogalles , W€ find
I g = Ne*(k.+ ki)

=

The Componanty o : T, = Ne* (k,u + _ku")
a = Ne* (ke + ) .
6, = Ne*(k — kzi)
To see how theaw vony with
heght , we have to adel aae O = g -0 o
twe diogams like Fip- & =~ ©
- (o fir eloctamy ok cbwt JO km
ona fo Conn ok ahet 130 &m} I

[.." oL = ﬁnmapor&mtrm-bn koe,
T

To et ﬂsrtdu.d:tlvit_y Ccm*MJ

the mability compsrants have & be

mulkiplicd Iy the thick curve whik
N(h.) represets tha ton & electrmn, N(h)

: Aistrilnution . The mulicphication {.\-J NG
Suppresses tha lower (¢f¢cﬁm_)m.
PeaR aad cuts off “da Hadl

<o koo € vey lame atove almit §Okm
L Whih. Mesas that there & o

‘gh o ndas By ik
oy Iigh ooy alory
tha h-gu meoksitity Of electrors

(_(E.ven Y we took bhe bruulble Ga incheda Aeqative
tons , thay weuldn € Conéributn much.

Frg. 9 Electron & jon mability
and conductivity Vs he—LJL{‘

./ i/‘ée For actual exomples | maasured y
kie / Koe ) Chatancka (Alosko) sea ]F";. o I
Note on Coilisior. Fregquencc We have uLsest o definitiel of V2 .
(Somewhat diffarcat e Linilicra Such that tha 'Force por Lk voluma' betwaeda
Maay (e forand vio bhas httn.ﬁu-o) onyg bwo kinds of porbcla (Call ham a f{b)lg
Sea §13 Fap = NamaVy (¥ —¥a) o= Fea = Ny my V0 (Y, —Y0) 7

Sinee. Fob = —Fm qaneatl we haya ‘V‘b-ﬁ‘v_b‘_»

Conductivities méo.SurecL at Chatonike. (Aiﬁfa-)

0.2

02

0

OCT. 13~14,1972 UT.

15

0.6
o 12 3
ELECTRON DENSITY (10%el/m )

0.8

04

02

02

(wi) 3aAnLiLTV

CONCUCTIVITY {millimhos/m)



$io.

&/
Current S [ namo
e queat day  5q, cumeat systems Flowing (A tha fonosphare.
(eimost ot . Ha £ Laf:!"‘f) has a great doy-tn -
vanatosn  impeed byt Varoteoh of Conductivity — tha

E_Lc.:ja.r electron, dang, {5 non atout 50 tmaa Jreats
Yy day Ben by mght, Iﬁg-n | shows  the pottem of

thee 3q cwrreat,

The- cenducting fleld loea at mialatopzpo,

link oppeste. hemisphares ana casry qucte. hugh oloetis
Cuefeata w%%bﬁt&vobtujawop,mgf@a— 'KUB.
Furthermere , thay taasmt {ha £ lager polavizetoon fota &

At gt Re Fz layer. oy Od’JAcJJqP Comy Move cuaent
thaa tha E l.a.ju(d-ﬂ-spd:.a &y low Pedersen Cm-Mob.m,(-j)
Tis o8 becowse He retalively ~ FZ2 EAje/ dammut&“

Compined with fhe Strorg Winds (g !3) Mmay makae (Ra.
ught €2 logor o bebtas dyrame thon fro rgit E layer.

Sinca E s h.uSM —indepesdests 1E (% oftan usefnt to dofile o
hp;ah&_(ntednizd_ laji.’ Cosrend™ and ng_a{ Ccmd.a.nc.tn:v.;tj Comprreads
j=fJ~'d,h, Z = [oran S, = % an

o~

“mo&tz!_bfj Contriladron. o ioncphanc elactae

gt Rritisagrwates) el
Mmoqaatos e ‘ injectnd at qin 3
For e;;ecbs of polarization. f.'yas s.u,

§it. A Simple Summany af  Dynoms Tﬁzu:‘ (usuar "ot Lion)
a. Tidab winds are Prosbuced. h“"t"‘j at &ﬁm} loyals
Tha atmesphae. (esponds in Yoriows medes (24,12,8 | 124 b o)
b Wia U() prokeces an” induced ferat, E = U x B :ourent flous.
e donosphae. s boundest , So current is Festrickid., res e
Pelanzatzgn, fleid. Eanz. which. So acfusty (Gaif that b
resulting Ginrent flow | -_—’g‘.(g'_“-o— Epatz) Sotisfiea ay j=o0.
d. B compute conductovidy @ | hove to Conawder (on & electyin,
rotions Sepﬂa‘ﬂ-tn.&\j, Sutcm Covments J = NQ,(&\CL—_.\_'/L_)
e. Therefom satve Cqpuotion. etion. v(a..;s.wm] S@ady ctafe V
d¥ide = & = E—f:i“\_/i-e—v*g fb.,)
£ Fore 15 prticed by fuis anifor ok E= £el + mv{
g Selaben s _‘\{-_-2.5 wheee, mability i: -Fﬁ;,_ti,:,z 2)
Pepards an.,{Co“ns:m\_ v (leearid u*mdd) L. o  Ke
Jyrofreqpansy Befm=
N Level 4= co s 7o—gokm,ﬁ, ebetung 5 le«-l‘!—ok«-\&q(N

Ht temg & elech-umuw [ Gt Cumet. Fna g = Nez(k..f.!s )
Net 2aough N bedow 100 ien Ly yive much o, se uuwn:@,au ‘;‘-ff::m
reet day -G -peg bt vanadzes . Uswdly posita

o e f(u.ntg/ W{m_‘ L o 7 lb

F2lager,

U
W e 2
) =2z Wz o
- .‘.’»U_J_—J' LRI
- | & 2 o
B w QZ~wde
- = Cj:(ﬁ) - = O 3 2
- — = <20l L o
al O gV, e A
o S Co i«
= O LHomPO A2
g ' CailEZE =Y
- = sEGiEEoE
! > 5. b '
H 8 <£u.155¢2>u) Z’E/
S <t
wn N
=
Z 2
Q| -
=2 4
: S
o
L
o .
- :
T TN |
Q ; =
ul| { 0:3. i :
=O .\""\‘ 'o:
N
Z O ]
—R > 8 g
- (SBE]HE)EG) AANLILYT DILINOVYA
.




3
megnatic ' .o . suoml
wsion B N e

When Hall currents due to an applied £ ficld {out of the plane of tke fgure) cannot [ow
becausz & consluclive Tegion is boundsd in the # « i direction by stropg negative conductivity pri 2 lents,
polarizaiion charges apaear, and 15cir Hall effect raises the effective Pedersen current (paralic! o the
spplicd ficld} This bappens permasnently at thr inagnetic equator povause of the fiéld gromsity, and
sporadically in auroral arcs because of a locat increase in condugtivity by precipitations, cxpintiig the

existence of the equatorial and auroral ‘electrojets’. (Giraud % Pelck, 19?8')_

[The result o the pelabization. fleid 15 To rodse the east-west

. . 2z e
C‘Or\d.u.cb-vd::y tr tho GDW'lﬂj volue | Of?’ = d; avtﬂ’?_ , wiuch cen be
g i

almost as lage  as the ‘nro fele.’ abee. O ]
. 270

§iz.

§|2

Tﬁe.rmesphmo Tempentive. G Tressare  Vonatierd

Higimal, Exparsion. , with ceoling ol Coenfraction af m_SM-g

L Thase ove really lasge tidal Stcllabieng > pv'unml,i

A laanal (m_dﬂ_a wilh r\—_:t) et wibhe hadmenilt .

A ocommen way B clisplay tha Metls & by Maps of (Sothermd of
‘exosphenc. tempeglioe. Too Ces_;e.o-ll-oiv(-j the Bmperti-e obove 400km_
o 50} The tempoelire (S defred (R Sweh o Wey as. s

| Cepresent e denscty and preasaca- vorodiens cleducsd fram
Satellite. dveq or otkars te ‘es . Use of such data. S

Compute WINAS 13 rioky bnE' is neverthaless offen deone .

The simple  Jocchea meael feprasects the dasbima Maximum
( 14 LT} and Minimenm. (04 L) contiad. o low . o Othar
Moy by to represest - b enhonced.. duroral - Zend. tempeali-eg
D due G aurord padticle and __‘jo'u-(.ﬂ-»_h.ﬂ_n..t inputs.  Expermastal.
Mmodels (066-6, MSIS) Shew more dobaile | rsally Wk -

A Scaunes -fa wentzs 9 o ' 5 ona By
Cenda, Mo farmonich . [See Fig. (3, 4

- More recant monels o pocely Computalienel ,based onw 3D
Selubicns G the Conbanily Momealion. ard :

?

for e oir (eg. UCL | NCAR) ana thew also goe e winds .

’\NW\NWWW\N\/-V\_
Note | 8n the fongsphere. g Wind. blowing from.

TRermesphenc: Winds Soueh ta noreh. IS Coltad o forthwedt !
Computntional Matcls of Witds ore- bnzed on maorels of (ko
brassure distrindions (oven thoagh thesr may be tarellaltel )y

The edquabioi of matoh of e aw G- (simplifad.)!

U/t +(UDY + 22xU=8 —LTp + W (L) + EVY

Acczlembion Coridis force Pressuie~

Adveckon Grawviey _3"“‘-"“ fer. Dr2g M

V"s(nh'ty
By for the lagut tems o Graviy ot Ta veril frossuce
_ y . Thay e qf order (0 ms—%, whereas clhas Torma
e af masl ~ B emsTE Mmrmmmm
they mecty gve tha h:‘d.msh-bi:-% 3=-—I—ge' :
comletely clomuetes o yetical Aistrbnntion. of the aw (Say
othes Veticed Occalemitrer (BlUzfot) s of oveter o= %m 572y,
Flvehaimens e ‘Ronbmaes cAvecln. temm’ (_g.g)_lg 15 only
fobicaolln Gidis Cerfasi. ClrCumithrces “Tha- wm{ Eerm. e
an impevtont- Verticak. comporant U LT s sigrfesant
s marely Lo Smedth out verticel Vm‘ of U, sech
thet He oz, wodd @€ almest h.uju' |'n-d.n+-wﬂ-t



{s4n0y)y aunj 1o207
.00 b2

074

o5

. (zunr) TIFgon 9 OO0
_w&jw?m&ecmrw draydsoxy  Jo | suuaylos) ey 514

?&OOM I v T FpVIM .h.u.d)..uoﬂ +0)05 abpraao 4ol sarryeraduwey Q.C@imoxuv
: § FWL NYITAN WO
o & 4 £0 ¥

T F

(S3I3WOZG ZaNL,lv

ozt

e i 7

SPUm PaowsRS % dow o]« eeon oo CI b1

apDT Yinog

3pNYISOTT YL ioN




ot % =4 ¢4 |
- i
whee Ha ‘I)W&Wé}u_ a: - _..P V];nn—tfP
and Pp, L5 elelad G tha con — Retpd 1
colics cons W 4 Cm,cne. PPM 3 Mm) taed o dj“-ﬂ"‘ﬁ ’
:j(§3)‘{j N.m:v,, = TLMm, VY

Scace. N%L = -,';‘};;, w tha Frequon (ers 0 =m0 )

wE hawe v, =™ (owe VYai

-rgp‘.r‘.li vealudos ol 300#‘«\. - f\)U\ et 8- 5 s
NiGHT/ DAY v, = (1—5) o=*s = (03~ 1-5) has!

-

Ih can Goriglis Cerm.

-—_Mmﬁm.&).zﬂa = MA“'M o~ pdxie s = 0.8 hosr™!
(s eartt r onguier Veletuky o pote her Z U comtacis ao&,{.{sm?\(&-ﬁ:ﬁ'—@_
Heace the iom aag (S meve npotoat Uhars
the. Corcolis Aoz , eapeers at"low lattides |, wdeas
the (on denaity % fu-e-:awfc-w. As a-#ésu—(b)!im winds,
fad . Dlow down Prezsue Gridunts (“aervts U

igm"> (nsGead <f formal t Ha e ro-diieat,
- 18 s tecrefogieal Wi
(" otong e 1 8% ) on  Med c.(lo_jt wirndsk do. o700

000N

So S dmg > Gonoks forca  : Wind [ Resse goteant
i - <& o - . " ___!_ M o«
f_"_“ . H\dé:-&é- - -

u "

TRere s an IMReealing  ofateny b o mdtien af a portite §F
We fos meton melwed ol angla B-_-[ar.—..c.,v%’-)b.th.{sm_z
‘Lresdy Stala’(BYft =D

2850 A
G s X

dn te wird cose , We con show thetin &
N Wil diredioh 15 (nobumd at an ongte (arc [ .
. . _ . o "“’———"Q.c"""\:’:mh
]Fné, ISi Shaws @ computad Wk pallesn | Viewed fom. above. e ‘ :
the. naveh Pole_) _blowmg -=Fn:m 13, a.ff.ernuon_ Seetor b [ i o= 20050 H = g0km Nm.mﬁcm‘3
the early mormay Sector This howeves neglects owrermd i{”o"'”“'“c ''''' _
Zone heating and possible magnetesphenc. -(‘Zm conthputions Winet pattern (KOhL & K!'rlﬂ)
_to the wind Syjtem. .
Fig. Iél Shows o Cempulod. Wind Wﬁ. at abmer 5r°m)
iox |, With relative- m nebudzs o dofections a_f U ac

760 ken ont 400 kv | Compored To e dureclion of U vy

force ”5L Notwe that by cowy (12 -18 LT) all are neadty

i bhe same dureetiovi (Strang i -y ) bl at nugit the wind.

vectors  |ecd o n direcCoan. (c»uot_i.s cﬁ’,ct_,)’esgwa‘ ar 200{am

wiere N (eosmes  yeoy smadd ot fght Se Ty 1S weak:



" Month y Means

(65°S)

'{5

"~ ARGENTINE

Fig.l7

a
i
A

o0

o iy}

. @ -
° R

! >

2

2

500

3
3
(W) Ty

HLNoG ol A

’ LY

R L i S,

= i nul\'\u.u —, -
e w e m,\ O
- (O 0~ 80 T~
~ PVIM )
2 ]
\ Oﬁ.
/ |
\q\w ~ T eensessrsrvan,, B E
; S 0 \
m oo-o J.e.vm e .ﬁw«. ._..w
; {002) i m
7 ; TIM ;
1 K 4
i . !
g mor.. .
; i2é e M I
! °o 00
\iZ : ~
z
S -3 -7 Eras)
' N, " A ] o
< - hd T
ISYI ol NS L7760 IET Y
~ o. 600
..... J SaPnIIviPiN
So e ol o vum P
o™ o 21 en?
_. S R i T Y (W,

. s ~NoTUg| PW -1eI0T]
N B
/.of: e m =0y



€

‘i"—! _. r—| Sheow e hew Eha Pza.k o\_‘F The FZ Cﬂj{/ ('E)Pm&_a

 the wind SYS i — tha e A2 % glseased
te be yvacsed Twhea e Wod WS fowa-dy ko,
Eqlakor ot mﬁkr » lowered whea (& bawe lowany (ho

Gapater by ey (See &gy

§i4.  Formatioa of e F2 peak

§Aff— prw M} obree R F? R N s ares U—deodA
becante  YIh ntweses  We now Consider Whats Lot
thes increare. | D s con of Ha s and electiong
; h e hewtnt g3 lecomes rapod. af great fuu_;{ka

becaiise. tHe d—!jfliot-c‘v\_, c:;eu@lm D o %H%I (ﬁukm«eﬁcﬂ-&,}ﬂ )

Vin (s Pepoitronatl to  fogtral 998 (oMcontinteoy n .

ﬁg Sk’::’g et __g“z peoi s formed. ot armead Li‘ua,
Whe.e _ )

O -
(Recatt dur the Loss caefr. B oe [Ny ] dréreaies rofatl “pwarts }
Ffu‘th.a:m-am 5 L‘F

thart. 13 o vedrenr. o Wer yoca eleptin g
Cdu.-z eithar to o Wina g}ar aéa.gq.‘{i r?m(m::w £ >
tAvmlled faom the, dyramo loyer (§i0)), tha peok. witr
be lefteat o lowepey pj‘ & AuslBuce, of ovste~

At = W/;a

e equation. of Affson fov the (3 § etectiona (tb.'[m,sm)

d"ff“"‘“"-’ QM) Mgemdrles o Orzﬂ,q_,’\_a,y d%m .

i & Mitor Constitient o o atmesploe | whik g B
o = D pry

Sl‘ﬂ(i-&; R
() Yertical gradezits (Scale size ~
6(34&/ + hoﬂ'zmti.(, (S

So km_) arfe muach_

. cale o~ 1006 km) undeys Rormat
Condileosnd . So can seplace. \J by gt oL

Aad

(> Freduction. term g, loss term —

Ce> Drgt terme - YINY), which reascas to —2 (NW),

o Sus G on Aot S nlly Ya yerliial Companant W
From 88 find : WingfU blowing towars Equatir dives eLrt -
(LU L) atong fiela Lacs™ Vertical companest 153 £ Ut [sa],
Electvic. [Feld £ (Bstwoed ) procluces verticad aepe(E/8 Ve ]

sketch (@) fetd , Sketeh () windd..

Effect a:f Electric Field ana Wind- in FZ.k:L 2

8

Fig .

L

Voesc I
1. ] L=t T -~

fectricalf

—

I/

1
14 Etn

¥
s
.

Y

Tdioven Swinde
TrlSee §5

E ¢ind

I

[ons collide.
with nmrat&:
4

them hocriL

accelerate.

<

(&
o

/

Wirkda U ‘
(e towards equator )

Feld E

(+* ea,stward-)

@® Ei

/




@

Take oalCouat of - W/
Hewght varatzon. of Dec e

NS

(ie D increoses %,\M ),
Con shew  that this necessiéates

rquML:r e Sz vﬁ

o .

RN P

—C&) grmrfat:z-n.. » Wheel trzy & mpm_ ‘o N an eprosalind. distrb”
- : oce,“‘z“" (Lu§lé) Gﬂyu-owlﬂatth-q Carey (hi. STRaw

et £ b be sepleica by (zm“*'zf?-f) "
Efeoc.e;ﬁ-l‘...e, athaclio,. lelien tma and eloctirs ContrcnaLies
t (o) and alse . m@w(»ﬁm)dnﬂﬁ qf_])
Kﬂ&hc.ﬂm-—,y ﬂw\jwq _'Dlzkr
Mmyhn
Cg) {ons £ electrons cmd%% a-!.rnj ecm m&caﬂ-_u
| lenes Mu.u:t.ff-g D Iy 5i42T G-:;‘{"f gega%‘fqm./%-"
DifFosion EQUATION  with (&)~ (F) tecome
oN '
S 0=

"G‘)"

=5

D& )G+ FIN — £ W) +q — N

CFeotiies of sittion, . (W et etue at pook)
f) Pesk is poas (layet e F(:D—:m_a Bm

() Displecea vy vertiar dnfe | Ahp ~W[E,

Cur) Well  letow peak | N o~ q,/ Cr_hamu..: Aistnbntienin) _hs2p
Gy Well  obouve }:e.m dufﬁuwe. dastrilnteen. N oo 2

(v) FPeate eleclon. densi

o Il B ey
Gy A m.j‘d”, d.?a-gs ik, Coefficuin ﬁm_p.:\'r . _—ﬂmt
Fq. 19 Iustrates fr';’) .:'n') i) =na Shows how
Dpwant arge ragses
Jowawoedt

m INcreases N
Towers ) decre«ma "

Simdady at ax bpwa, L ;
4 y’downwa.d, drige !uwers hm:ﬂ‘"‘ﬁawd"‘j

§is. Elz.ctricd,‘l.q - Drivenr Wind

eqpeation Mol of the NeuTal au-

. thermeaphece . | w:%i tHhe Jdmj tcfm. Voo (¥-0)
-1 A A a Africtienad or dragq term . EF
the lons & eglectrons ase drifting d.r\. ék&m(,
Pa[a.nzm M E Cérm.gnuM from bre dynance
lagas §’0) then the term (V— UJ Provides a
d,n.wnl :fgrce, TRe drj

:on-s Occelorote. (ha. aur

Edet vertical-
S




ARECIBO

8-9 Nov 1974

= =

\><“j>

~
i

with time Constaat G\Jm-')_, » typrcally {0-3 =t 5) hew !

Ei3). TR«s s Shown by sSkatch (a Fiq. 18
(S[C-Bech (& Shows that the r‘esmg:tla!.’c‘fwrd_—
inposes o 1op AEE Veotl along field Lz ¥
$ts veslicat componeat Ju-a“' Cahceks “the verbicat
cbm.fm of the electric 'fue.ld_ dr{% (\/ oS I) ,
The heb result (5 thet Lboth iong and Neutaly
@lse electrons) Aift horizontally at speed Vescl.

Cc8

So electric Hields can drive. wwnds . This 1S
Particsdady  important at h lattndes whare
there are S(:l’ortj electric £ s, both w tha

4 auorel Zsna dad 0 the Ppolar Cap .

* Shows an (ntecesting example of clrift Vi (along B)
ottributed ta ion —dra.s nasulf:uls eiectric.":.'ddldrm; V_LT

Si6. Diffusion. 1n_ Topside of F2 {aﬁ_{;{‘

ge hacghts | WL o collisuns oak Ao Scqack
A A o v ip et s e
| hﬂmw de stnlntions |, I-Wp'.;thm electric Mea,llfn&
o wewts be N ac exp (— AN Ne o exp (= T2
=3 . .
) Fecrwe Mm% m, these disodrbiona wodd fe auflerent-
—8-5: MWW,M;MMMQPM&%&M
f— Sbey electmatic attvoctzod. Snstena thoy toke “wp a-
tn distrbmtiaio y i which the (on3 end elecomia ore Sepanmlid,
<L on average , by o minate distance  WheR, ques e f oo
. Veticod”polanzatiet £ola® bt tn Whiill "N, =N, =W (alnsst
exactly) . fons § eleclmms AR Ban @pprodcimatdy L
equilibmum.  pndes thes Pelai(zolice, ijmﬁ L and,Thels
: atial Premsiie gradont fow L dp; bautid ( Ferces
& (ke ﬁn,& =3 W e petite fons Excatag
fon. egpalibrams " o0 = gE G —maq |0 7
(7 wpweas) N ]E?au]
KT 9 |~§
: l

4 b e NI % U
AssumeT=T, =T, (ret essential , but sinplifics) . Negloot mq T* .

04

2

40/

i
O
M

_S WHD0BA j34p L0}

eE
o Mi cqpnbuns & ger BKT 4N ,
= TN Gk — Mg LTL_.___
- . . m,

Sebedioi it Noc exp (— -—3-—2&:,“> ;o Nog exp C—z‘Fr>
Whae H (8 The Scale hecght- RT/ﬂ“les &or o- neubpe g3
Of metecwlar mass M. e accouats for the chisOAlntion

" Showa ”"ESTQJ 5 S (i) &4

*['Tru‘:‘smal.b electnc flatd ,eqpal te D, 1% an exselial port of the
Cev-"‘"""""‘“"" of the plasma. Even thaoi G,hn-saaamf)mﬁr pacaitet 6. B
A o8 B eppuaton) b con e mastiioa peimoncatty. ]



G

-t;;"ow = Protopnosphee. | MMW that
if\.lt-ﬂ.‘?‘/g‘r:ﬁ-“ Solutiors | Hhe d.({{-u.nva. Wmm
Jt»# derived N oo exp ("’%H)

i o’ sllubis ;N oo MPC_,EL)‘ _
The {atter correspornds ta a flux of fous ant ebcton,
o or from “infincty" Actuslly , o smald port of tha
distribution is of tho bipe . . Tha “Potonaphene flox'
(5 (mperlant msm tha lmﬁkmeﬁ‘;

exchang. Witk e Protoacsphase . 5 (wslyea
Schonge of charge Be‘g}ee,\_. (ohopharie Ot ions and
Protorosphans HE rona

ot +p = < + H

TRis resctich can go fasly edbher way , (ecarne 0 ant H
hove almort é_xa.ot(d b sSame ion/Zabioi PM&?_
(see tabe & §2). This flow asd exchange has
Some  (nporfonca ; o Batt & eﬁus tRe ’protonnsfﬂa.-ﬂ--
by oy , and allows the Protonosphere G
back fonizZation, (nte tha fonesphate. at mﬂu:




