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Introduction

i

This ‘paper summarizes progress that has beén made in under- F

standing the distribution of electrons in the lower and middle

a.nd s brief account is given of progress in improving our under- :

- standing of the processes controllihg the structure and hehavior

rocket observations revealing the ionoze.tion structures thought to
be responsi'ble for sporadic E a.re presented and mechanisms that -
ha.ve been postu.'!ated for producing these ioniza.tion gradients are
discussed. After a review of an outline theory of the F region, as

given in 1959 ’ recent extensions R els.bora.tions ) a.nd modifications

-ty
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e

s.re summs.rized. Only the sub-pea.k F region is considered, since
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the difficulty of applying conventional ground-based radio sounding f L

techniques to the D region because of the strong radio wave ebsorp-

R
4 tion suffered by the exploring signals. Also, many of the direct 1 o
- ‘ measurement techniques used for rocket exploration of the E and F - “1‘ '

ﬂ n‘ regions of the ionosphere are not suited to D-region studies either A

vr because of the low electron denaity or the high neutral gas density

-~.~5'. v
i+ or both.
e "

e F

1 4
H

‘Nevertheless, within the lest three to’ four years ) 8 '

si@ifica.nt quantity of o'bservetional information on the D region -
: has be¢en accumulated. In the main, three different ground-based ' Lo

techniques ’ along with an increasing number of rocket experiments PR O

. CEE
.1'

k have ‘peen used to obtain these data. The three :i.ndirect techniques' " T
invol?e cross modulation, . partial réflections and redio vave . ; ‘ a v
. absorption experiments. . ” o ) N )
| :‘The cross modulation experiment s first introduced by Fejer . :I.‘ ; Lo . , -
(1955), makes use of a powerful "disturbing" transmitter to heat the N
lower i ionosphere, with a second transmitter employed to determine the

v amount of hea.ting ‘that has been introduced. Measurements of the | ; "-' o

\perm:l;t determination of the electron density and with less a.ccura.cy, '

(7
l - o ; . [

the céllision freq,uency :Ln the D region. Recently, interaction
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('.Resee.,rch Establishment group (Iandmark and Iied 1960; Barrington and, U

'f“mne 1962; Barrington, Thrane and Bjelland 1963; Piggott and 3
i Thrane 1963) though same work was reported in 1960 and 1961 by the i = ‘, .
S ' Geophysical Institite of the University of Alaska (Rumi 1960, 195;2;? e
A second ground-based technique for D-region studies was " SR
" developed by Gardner and Pawsey ( 1953) and has since been used ' :..'l
extensively by Belrose of the Canadian Defence Research Tele- . ' .':
."';.3,coxmnu_z),ications Establishment (Belrose 1961; Belrose and Cetiner | . e
4 ‘1962;uBelrose 1963a and 1963b), and by Gregory (1961) and, in . , 1‘ ,'
modified version (Gnanalingham 1954) by Titheridge (1962a) of

U New Zeala.nd. This experiment depends upon the existence of discrete '-f_.\-'. L

irregule.rities in the lower ionosphere from which s 8iven sufficiently ‘_" ’
" nigh Yransuitter pover, partial reflections can be obtained. Measur- ', o
‘ ing the ra.tio of the amplitudes of the reflected ordinary a.nd. extra.- ; o
-: ordinary magnetoionic components as:h function of heisht allows f " .
: - determination of the electron density at the height of reflection ";'f r '

“in temns of an assumed coJ.'Lision freQuency profile. Reaults‘of

-region profile studies mde uaing the pe.rbial reflection technique

- will a.lso be given la.ter. . ,;;-,.,‘-.";;“ ';;, IR iff;%f'. L RS BRI

tataad 1'._. B

b third indirect ;technique for .investiga.ting the D region during
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! groups in this field, a.nd the theoretical studies of Wait have been
particularly noteworthy Specia.lly.,designed low frequency 1onosondes

1

3
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I.erfald and Little (1963). "This exper:!.ment is ba.sed on simulta.neo

:»x

studies ’ a‘osorption measurements on’ four frequencies between 10

\

and 50 Mc/ 8 were used to determine representative D-region electro B
I

on the propert:les of the D region. 'I‘hese include oblique a.nd. steep

transmissions.‘v The ea.rly work of the Ca.mbridge and Penn. State -

. Elldng 1n South West Africe. Recenbly, Pe.ulson, Gossard a.nd Moler

: (19631) of the United States : Nav'y Electronics Iaboratory have re-'{,,

: D-region studies. Opera.ting on several fixed frequencies between‘ ')
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Lg - ionosphere have been reported by Kane ( 1959 , 1962, 1963 ) Helkkila
;-
Lo f

(1962), Yonezawa (1962), Bowhill (1962), Mechtly (1962), J’espersen .
.et al. (1963), Smith (1963) and Hall (1963). The majority of the - . A

X :.:' . .‘::' s ‘~ :l-. . , ::‘:- -y
L .';'".:"-;.3;,.‘.;{_.:‘.D-regipn rocket experiments reported to date involve the reception .‘ PR
in the rocket of CW radio signals transmitted from the ground. ' -,; G
R ’ b RN
- l‘- \‘ .

g observed differentlal absorption with the difference in a.‘bsorption

| of the. ordinary component of.& rela.tively low frequency (2.5, ,Mc/s)

Y and’a relatively high frequency (22.5 me/e), ‘both electron densit}' :“

and collision frequency can be obtained. . | T

Several types of direct (in situ) measurements have also been. ] !

) employed in D-region rocket experimenta. Smith (1961) has reported
L

RO TS

S Lila rocket observation of positive 1on conductivity between about 50

and 901km from which positive :l.on density can be deduced. Also,

AT
ry e s P); o
e J\ » Smith:(1963a) has suggested that the+ Ia.ngmuir probe technique s which !x S

M ”
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he has: used to good a.dva.ntage in nm:gv E—region experiments, may ' , SR ‘_.',-"', '
M a} ~, .
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"1onf' deneities in the upper D, E, m F
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i ; _E:'lregions (Yonezawa 1962) Such D-region rocket results as were )
e ' aveilable at the time of preparation of this su.rvey have ‘been ‘ :i ‘ .
L dneluded in the sumary that follows. . R e
PR " The 111ustrations presented 'below, represent an attempt to ”t ~ ’
' _summarize the principal features of our present knowledge of the’ E ‘
height distribution of electrons inthe D region. For the purposeg" ’
] ’ of yhis ‘survey, the D region is ta.ken as that portion of the ¥ ‘ri:’ ;'
ionosphere lying below sbout 90 km. It will be seen from same of ‘ ’ :
i the results given belov, $hat Witinately as the cbeervational facts = .. .
] i
‘. into two parts; an upper region betwveen 65 and 85 km and a lower o ;
region between 50 and 65 km. The designation "‘C region" hs.s been } .
jl‘""suggested i"or the lower region.* . 'l.'i ' o " , ‘ ’ . y
g i | ﬂ;he ground~based expex)'iments described above have provided the, f ’ ' B
, | . : ma,jori::ty'of the data go:Lng into the smnma.ry.illustrations. Clearly,: b :
‘ . these: .experiments would be expected:to furnish the best synoptic | , L .; )
| 3 ':Lnformation on diurnsl and seasonal variations in the gross struc- E ‘\", ‘:.:
| ture of the D region. A.lso, unpredictable natural disturbances such;;' a '
: ‘a8 sudden lonosphere disturbances (SID), and polar cap absorption. ' ‘.',
i : events (PCA), are best studied by aiprogram of continuing systems.tic e :
. obsenvations. In contrast, rocket experiments are capable of provi - ,"\‘
' i { 5 : ,z- T g ",..,
: ~_'=.‘~““ *rhe term g region" was' first used by ,-; e
i to a.pply to a portion of the troposphere between:l and 12 km from j"
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in the D region determined using the cross modu]a.tion experiment
(da.sh a.nd two dots ), the partial reflections experiment (dotted -

curve ) , and rocket experiments ( continuous a.nd broken curves)

cycle.' According to Smith, ‘the portion of curve 5 ‘below 90 lcm
% should be considered. questiona.ble because the behavior of the

Iangmuir probe at these ‘altitudes is not yet understood. 'I'he thin

™ .
JRSREUL-PQUIES S

dashed curve shown on the figu.re is an attempt to derive a -smoothed

midday profile 'ba.sed on the six individual electron distributions. _

The basic difference between the D-*region profiles shown here a.nd
" those smnmarized in 1960 'by Ratcliffe and Weekes (1960) is that the
present profiles contain between 5 a.nd 10 times more lonization 1n

the 50 o 65 km height re.nge. Midday E-region ma.ximum electron -

dens:!.ties for periods of sunspot minimum and sunepot ‘maximm as
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: ;""' L Figure 1b shows the few nighl:time D-region rocket profiles that 'i, \
'.: ‘ ’ E.re avallable. At night the D region essentlially disappears, lea.v-. :H “’ '
. ;’ ing behind an E region whosg ma.:dmn,q electron density is reduced ‘ ;'
] i, by hea.rly two orders of magrﬁtude. The exact shape of the profile ‘
. ; : x e:b heights ‘below about. 90 km and densitiea less than 100 electrons/ _’
o emte voery mom, C e g L
',N Figure 2a 1llustrates the diurnal variation of the electron 3 "'
' h }l, density profile in the D region. The curves shown are necessarily i : . ‘.
. | %p based: wexclusively on the cross modulation results reported by | ER
’ ':~ '. Barrington et al. (1963). Because the cross modulation experiment :P
::' 12 ie nob pa.rticula.rly sensitive to the detalled shape of the electron : - .‘ ‘-.- x
;i?'.' density profile, these results should be ta.ken as representa.tive W: . )
of the dlurnal changes in average behavior of the gross structure » ' B
ST Such data a8 are available on the seasonal: varia-.;';"-‘,.' , .
tions An the D-reglon electron density profile are shown in Figure 7,' ' N
2'b. Here the results obtained by Belrose (1963a) using partial re-{’ ‘ .
flecticns are compared with the crosgs modu]ation resu.lts of . | -
| ;
S

.,

tr . P
l’ $ 0 ate
.
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: suggest , (Isgow et al. 1960, Kane 1962 Jespersen et al. 1963 ), ueh}»
© R -} seasons.l variation in collision frequency does exist, then the - ; o
apparent seasonal changes in D-region profile suggested here might --"° 0,
f |

be entirely fictitious. Obviously, additional observations ,perta.in- AN

ing to diwrnal and seasonal vsria.tions in the D-region electron AR

density and collision frequency are- sorely needed. “- '

. | SRR DA
Frcm time to time,. depending on the activity of.the sun, the -:‘j{ o t

;‘ loca.tion of the observing stationm, and other factors probably.

- -'...V-;_..i . -m«.._ R

meteorological in nature, major perturbations take place to the

.:_.,,.. e

L

, non‘ml height distribution of elections in the D region. A

1

important class of perturbations a.re assoclated. with three types

-
2

PR v

X PR Pl

[ Vg, -.... fen e v
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" of so&ar-terrestrial Phenomena N . o o :.'

in,jection of corpusculs.r ra.dis.tion into the earth's'

': 2 upper atmosphere, ps.rticula:cly within the au.roral

'
o
:

' zone ," during times of mgnettic and ionospheric

.

x storms. ‘ .'7 | - N
51 A fourth type of pertu.rba.tion, even; more frequent than the first

three > is connected with the periods of snomolously high absprp-

tion that are observed frequently during the winter months s.t ,
(7". ’J'. O '.'. W

4,“tenn>emte ls.titudes; Eflectron densi)ty profiles representstive of' s ;.
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Figure.3a shows the smoothed midday D-region profile from
Figure la along with the D-region profile o'bserved by Belrose
and Cetiner (1962) during a. solar f]a.re of importa.nce 2+, - Also '.

'r
fi A"-
N ‘(j' i

‘average solar flare disturbances (SID) represent a.n increa.se of

D-region profiles during threeltypical pola.r cap absorption
_events (PCA) using three different observing techniques are shown
in Figure 3b.
Curve l was obtained from the partial reflections experiment (Belroee

19639.) » curve 2 during a rocket experiment (J’ackson a.nd Ka.ne 1959) iy

_ agreement over the height ra.nge betWeen 50 e.nd 85 km 1endi.ng some

confidence to the validity of the observa.tionso It can be. seen
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..An exa.mple of the variability;in winter D-region electron ‘',

deneities at temperate latitudes (the so-called D-region winter ,‘.'

'1s shown in Figure kb. Although the 3 days shown were all

. occurred, D-region electron deneitﬂ.es in the 60 to 75 km height b |

) -.ra.ngé were a.pproximtely 5 times greater on February 22 tha.n on ,:i*_? «

a.nomly) as observed by Belrose (l963a.) using partial reflections '”_' "

: magnetically undisturbed end PCA events were not known to have '_' ESN

. ’}.’.2 )
Sns February 20. Titheridge e‘ results.‘(1962) suggest ’ however, that s
‘_‘z j‘ .if‘l'[ ;”1“ -‘\, 7 ;'.’_ "“ ‘ . " . ‘ ,":'f" o
“,”.J‘ *'the .averege D-region elec

'rr

tron dens:!.ty increase durlng an event bl ]

;a.‘» : ;: by‘ the Sca.ndinavia.n group (Jespersen et al. 1963) as well as e E.-f" '
;{ i average profiles’cbtained by Holt et al. (1962 and 1963) employing . A
) i : mboth. the partia.l reflection and the.cross modulation techniques r "
' 5 : during auroral disturbances at Tromoso, Norway. Note that curve b (;
s i ' ! represents the rocket obeervatioz:s taken at a time when the ,f :
f > absorption as mea.sured by a 27 5 Mc/ & riometer was &bout 6 av; g: .:
L :f I _curve 2, sbout 1 db; and curve 3, sbout  db. The general egree- e
. ~ “ * ment’ between Holt's average curves (h and 5) based on Sl‘ound'based } -. :': i
‘ I -;A~-',observations during e number of auroral sbsorption events and the : | ’
é ' rocket results is quite good.. The correspondence between a partial:'
) | ."""‘: reflections profile (curve 6) determined by Holt and the rocket - sl
: ‘ profile obtained within 10 minutes Of the same time (curve 1) AR
. P : .




It would seem, therefore, that

' the‘ e:{p]anation of the D-region anoma.ly may likely involve meteoro-"'f

logica.l effects of one type or ancther. That is, relatively local KR

Recently Gregory (1961) and Ti'&heridge (1962b ) have summarized :
' a large body of date that pertains to the D- end E~region altitudes ~.;
! ‘at vhich partial reflections tend to occur. Gregory, using 1.75 . _'
Mc/s s observed a dietinct preference for heights of 55, 61, 66, 7h & v
86 ln| for the bottam edge of daytimg; D-region stratifications in %<

;_ 1 New Zea]and Titheridge ’ a.nalyzing itwo years observations on 0.72°

‘ h

( N

those obtained by Gregory. The exiatence of simila.rly favored
' em for wind, sheara (Seddon & Meon 1958) suggem that; the
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C X [ fe]ationship recently postulated between wind shears and spox;adic._:' A

B (Whitehead 1961) may also apply in the D region. As a result .

of h:!.s stud.y, Gregory concluded: tha.t the observed parbial reflec- .' ’)* )
tions were due to turbulexrb scatter in the presence of a gradient
" of electron concentration. . layzer (1962) has dlscussed the
ma.intena.nce of a suita’bly turbulent scattering layer by wind

... . . -y . . , . 1 . . . . "
¥ hea,rs oo, )_'. . ' 1 “ . 5 PN
R ot S . - - D

I3

Befoz:e morving"on to the higher regiena of the lonosphere ,,: a
:-brieflé-eﬂew will be given of the current theories concerning the /‘ gh
’ formtﬂ.on of the normal D region. “The first satisfactory theorieg -‘
for the production of the D region were developed by Nicolet )

i'(19h5) and Houston (1958). The photolonization of NO below 100 km

first considered by Nicolet in 1958. Shortly therea.f‘ter Moler

N (1960). demonstrated that a quantita.t‘ively reasonable two-la.yer D

4l

Wy e Ay
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h,ad earlier suggested that a photodeta.chment mecha.nism could

"'“account for the diurnal con:tanc; 6; one °°mP°nent of D-region
: aﬁsmti;n- . R | | ”‘ Coo
| Nicolet and Aikin (1950) also undertook & comprehensive . ,{M *
theoretical treatment of the formation of the D region and reached .; .

;e
. LY

: - the following conclusions. aThe separation between the E region and.

ST
B
-
-

the D region occurs near 85'km a.t the mesopause level. While the g ' ]
» lower tail of the E layer is due to:ionization by X-rays of 31A or x}'f '
L. shorter wavelength, the portion of the D region between 65 and 80 ) L '
km is chiefly the result of. the ionization of NO by Lyman o - * I
: redia.tion. The part of the D regioﬂ below 65 k:m is formed by the
ionizing action of primary cosmic rays on O2 a.nd N Some of thev % \'
featu’.r:es of the.lower ionosphere during various types of solar " ‘ plt ‘.

‘disturbance come about because markedly different solar radiations LS

R .

"are responsible for maintaining ad jacent portione of the electron
density profile. Nicolet a.nd Aikin'also trea.ted .the question of the -

height distribution of negative ione during the day and showed that '-‘;1':, e

a.t heights below about 65 km, the ratio of nega.tive ions to electrons

o
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region profile obtained from Figure ls. Though there are ai@ifi-. ‘:‘.. :

L '?- ca.nt differences in structural deta.il,

u‘(

/-
at 1east the gross shape of the distribution of electrons in the -

Sbip reglon seems "to be tmderstood... o {f,’" L

A further refinement of the théory described above has been ’

given 'by Adkin. (1962). . In this work he a.nslyzed the sunrise effects

i K

to be expected in the D region and showed that the combined e.ction !

of cOBmic rays and photodetachment trom negative ions leads to & ‘.;

Py
N
~

)
P

repid. build up of the lower portion: of the D region within a short
time efter layer sunrise.' However, sols.r X-rays and ultraviolet

radiation do not penetrate the D reglon to any great extent e,t the

" time of optica.l sunrise at D-regiontaltitudes (layer sunrise).

Consequent]y, it is only Just before ground sunrise that the mjor

¢

f .
. A T
u! ETRRE

;4 dependent two-lsyer model for the D- region. _’/ However, studies of ;3 L

' sunrise s.nd sunset effects during PCA's and a.urors.l s.'bsorption

events suggest that even this pictute may be an over 'simplifiee-‘-’ RIS

: tion (Bultquist 1963, Reid et al. 1963). -
Sumnnrizing ’ 4t would a.ppes.r ths.t at least three different

ionizing agents play a role in detemining the normal D-region

,.11\

‘reglon, (beloy{ 70 km),.Iymn a in the"mid-D region (70-85 km),

,x-rayg,_in the upper D-E_region.trsnsition (above 85 km)

. eieetron density profile - lcosmic ray primries in the lower D

‘r.,r v




” form of the resultant electron density profile depends on balance-’
v ‘betVeen the number of electrons produced by these agents and the

numbei* of electrons lost by recombination and attachment at each.’

certain observational results ’ it. seems necessary to suppose: tha.t
;5‘ wind shea.rs or other localized meteorological effects regularly
g , distort the mean profile R producing stratifications of varying

.thicknesses "and intensities'. In addition, tu.r'bulent stra.ta.

ce.pa‘ble of. scattering radio waves must also be frequently produced

v

Lo THE NORMAL E REGION AND SPORADIC E

fAs in the treatment of: the D region, recent observations

i .
. v

L
l'

wi].l ‘be discussed briefly. "

data that has been accumulated over the last decade and a ha.lf

: same |features' of the E reg°ion are wel.l known. In parbicu.‘la.r the B

. R. W. KNECHT -16 - . ST

level. While the detailed shape of the distribution of electrons

Because of the large volume of”«conventional vertical smmdings L

. 4n the D region is not yet well known, the general features of the . )

;‘ average profile are beginning to emerge. In order to reconc:lle :f_-'

'by the Sa.me or similar meteorological effects. S L

i pertad.ning to the structure of the vegular E region and sporad.ic " ¢ 'l',

”::‘ E wi].‘l. be first reviewed and then current theories of foma.tion T T

I
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obtained from ionogra.ms. '(At 1east"one worker, ;hoviever, has' ques~

‘f_usi.ng conventiona.l vertica.l incidence data. Specifically, progrepé

obsemd.ng location, supports the vibw tha:b the gross sha.pe of the

midday E-layer profile :ls relatiVely constant.; Notc tha.t du,ring
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Figure 6b shows three rocket profiles of electron density

Also ahown

ta.ken in the nighttime E layer (Smith 1962 1963‘0)
on the figu.re are average midniglrt va.lues of the me.:d.mmn electron

density 1n the night E layer for solar ma.xinmm a.nd sola.r m:mimum

The on1y~ f :

:»‘;

"'.other va.lues of night E-la.yer maximmn electron densities that bave -
; been- reported, those published by Elling (1961), are'in substa.ntial

In fact, on more .

"time:distri'bution of electrons in the E region.
than' 50% of the nighttime iow-frequency ionograms examined by

PR

’ Hough! the regular E-layer penetration frequency was obacured by
It ahcmld 'be noted tha.t the ;

, "b]a.nketing" sporadic-E reflections.

3 3

'-Some resulta pertai.ning to the diurnal va.riation in gross
These profilee were'

ot -
i
KRR

i N s
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data, the a.nalysis does give the proper height step 'between the

E-la.yer peak and the base of the F Js.yer as well as the’ sta.rting

These results show that the

slope at the base" of the F layer.

P et

region Valley also decreases.

Emo_rning and» as 'sh.allm_r as 20% in the afternoon. However, in view " .A

I

. of the. fs,ct that none', of the da.y‘b:l.mé E-region rocket experiments .

s

. disturbance effects. It has long 'béen known, however, that

increa.ses of 20% or more in jpeak E region electron density '

sometimes occur during sols.r flares..(Taubenheim 1957) OnJy-. very : E“}.
5 minor perburbations to the’ temperate' la.titude E ls.yer are: observea.' ‘: .
' ‘during 1ornospheric 'e.nd magnetic stormso While most E-region ":

a.nomalies are not'larg : enodgh 6 :be tics ) M,

VY




* interest. Appleton and Lyon (1961) have reported the results of a’

ra.ther complete survey of these effects. Of cou.rse , in the a.uroral

zone, under the 1nf],hence of Ilarge corpuscu.‘lar fluxes during

N knowledge regarding the distribution of electrons responsible for

_ sporadic E.. The term ' sporadic E" (or Es) has come to include a

4

rockets. Rocket profiles taken duri.ng times when nea.rby ground

'either sharp gradients in the electron density profile or thin

,strata. of enha.nced electron 'density at the appropriate height.

time of day, season and other fe.ctors. ~ The relatively few rocket
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:. ’ Recently, rocket profiles showing the best evidence of spore.dic; g
+ E have been obtained by Smith using a modified Iangmuir pro'be :

Py

~ s

N ;
e e -?.._..A.:. e o

W g* “to Sumith, show strong stratificatione presumed to be associated ,_;"-;_,

B 1 e it

techniqne (1962, . l963b) The two profiles 1 Figure 6b, attributed

i

1‘ v

% witn sporadic E. It can 'be seen that these stratifications - b .
; .';’ represent enba.ncements of ﬁ*om 2 or 3 to 20 times the backero‘md | ‘ “
; electron density and are gererally 2 to 5 lm in thickness. The . '
( ‘nighttime evidence shown here is not inconsistent with the view '; R
; that sporadic-E echoes received by ground-based sounders are the .. ’ |
! result of reflections from over-dense relatively thin strata ‘ .‘"‘
‘iéé?embedded in the regular E layer. -However, Seddon, in & recent = "¢

slmnnary of older sporadic-E:rocket results (1962 ) , Btates that the T »
ea.rlier data, derived prima.rily from daytime rocket experiments ’ g N
indicate that ’ in the majority of cases, a steep gra.dient in - .

electron density, rather than a thin over-dense layer, seems to

fit the oObservations best. n o ) !

P
r.

T
LRt

Results of a late aPternoon rocket firing into sporadic E ha.ve ‘ 'I. ',

[ g

recently been given by Smith (1963‘0;) Figu.re 8 shows the principe.l

._ - features of the electron density profiles obtained on the ascent .n";"j L
; porté,on of the-flight along: with the' ionogram obtained TR '
t', at the time of launch. It ican be seen that strong sporadic«E '

T

echoee were being detected 'by the ground ionosonde on frequencies "_'

X i
ki " ‘. e rot
E . . l,‘.l .

up to- 5 Mc/s a.nd greater.. If the Es returns are to be attributed v |

tu -~
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Co 3 x 10° would have to be present.~

it

?,.'Seddon's sumary :Lneluded a.<;bebulation of preferred heights

'___for high E-region electron -denhity gradients as observed in ‘seven B

: [/
‘rocket experiments. The preferred ‘heights were about 100, 105 R

1

m,,‘;ii'z,f and 129 km. He noted that Manring et al. (1961) have
/ ¥
'reported a tendency for wind shears to occur at 92 lOO s 107 ’ J_'l.O ’

a.nd 3.30 km, providing some observational support for the theory

' given by Whitehea.d (1961) ~< Tt would seem - that more study on the
. B

identified from the study ot’ ionograms. For exa.mple A rocket

3 SR L
o oatr s ELET IR SR R oy KD AR «aS-
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: Ground-based experiments have provided some information:on the ; ‘, .' )
‘ : question of Es lonization structures. For example, oblique ,‘ | z ,f" e
: . incidence VHF propagation studies at temperate latitudes suglgest}.::" , g N
S , . that sporadic E occurs in "patches" that are typically hundreds '7
. ‘;, of kilometers in extent. Also, studies of conventional vertical ‘ L :
R soundings data have shown tﬁat three very different kinds of ' f
o f. ' . sporadic E ‘exist, depending on geogra.phical location (Smith 1957)
;f | i' ' . In and near the auroral zone*, Es’ ionization occurs primarily at
;& ) ) night » Whereas at tempera.te latitudes, the principal variation is*
" " seasona.l, Es being most prev.alent during the summer months. u’In o
» : t' a narrow belt about 700 km wide along the magnetic equator, a “n"
: E " third :variety of Es occurs that 1s an almost permanent feature of, - -+ ' . ‘
X ':L-'l: ; - the daytime equatorial E. region. Borwles and Cohen (1962) R uaing - -
‘ e radiolwave scattering at VHF, a.ttributed this type of Es to:: L f'
ionization irregula.rities Zu.rlng in~the height range 'betweeri 100 \_
to 107 km. The present position with respect to our tmdersta.nding A, ‘ A
" of thé mechanisms reeponsible for producing sporadic E will be ' ' |
.-fj"" . outlined following a dbrief review of recent progress :Ln the theory ' '
- . of the regular E region. ' ‘n" ’ _'.;"t ‘: ) ‘v;;“ T _
Lo 1 . -y . . M L
YRR S *on the polar cap; _well instde ‘the a.urora.l zone, there 13 less Es - ;. ' L
- . %~ than'along end Just outside the zone, and 1ts- diurna.l variation :j .
RESRUS wi ° ‘]ﬁ?f.;wk?‘.i";‘"%m 5oy ‘ o e
S
it il
e
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* density, the regular daytime E .layei' was found generally to follow

" an equilibrium a-Chapman law (Ratcliffe 1960). Subsequently, as

Through studies of the 'variations of its maximum electrom

i
" more ,precise information on, atmospheric composition and solar - . ;

ionizing rediations. In a recent paper on the formation of the D .;:, :

" to :I.nclude several ioniza.ble constituents as well as severa.l RS i

——

‘radiation has become available , the simple theory had to be modified ’w W

tl
Conkre

sy

. and E ‘layers, Nicolet (1962) concludes that the ionization in the T

o E Ja.yer is due to:

" ‘was possible to formulate a model atmosphere between 100 and 300

' solar flux in many lines ofv‘the solar spectrum.” They were also N }':

4

,-‘ s,

L _-",;»1.'_‘ molecular oxygen ionized by X-rays between 100A and: - o

s " ‘ 314, by oltraviolet radiation of Lyman B type, and . o
'l. -l "“also by the Iyman c¢ontinuu, at A < 910A; ._ ; '
' . - }g. ~ molecular nitrogen,‘,’ionized.;gby X-rays between.31A' and} | | -

i3« atomic oxygen 1oniv;ed by ultraviolet radiation of the T S
i mea.n continuum at:A<910A and by X-rays. { "

Also Norton et al. (1962) have'recently demonstrated that it -

) km thdt was consistent withr:'both rocket observations of the:neutral‘ - '

" atmosphere and with rocket observations of the height variation of

-l.*\e.ble 1;0 deduce an a.ccepta'ble model ionosphere 'based on these. data.
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Lo . ) s AR
-1+ the peak photoionization rate in the E region for/ e

' il % are derived from photoienization by solar ra,.diationgi e

' about 100 km

e are derived from

_-25-,.

Na

!/ in the LL4=105A ba.nd, and

- overhead sun is about 4200 ‘ion pairs cm “sec

-3

-la‘b"

i, the effective recombina.tion coefficient in the B

(and F1) region isiof the order of 10

decreases with increasing temperature.

and also because the photoiqnization rate and effective recombina-:}'
tion COefficient are a factor of ten or more greater than those: '
previously accepted, the conclusions Just given should probably °

" be trea.ted as tentative.

gl

-T.3

cm sec

a.nd

2, about 75% of the electrone in the E region at 110 lm .

f3..':- about 90% of.the electrons in the E region at 100 km

i .

' Because uncertainty exists in some of the soiar fluxes and cross

sections used in the Norton.analysis, parbic‘ula'.rly below 26QA,

It would seem that the-major factors contributing to the

" formation of the regular E J.ayer are general:ly understood (see,

photochemical rates are still not well known owing to uncerta.inties

" coefficients.

“for example » Bowhill 1961).-v However, magnitudes of the pertinent.

‘in some of the importa.nt ionizatiom ‘cross sections and rate..

In part at Least ’ .ﬁmrt;her progress depend.s upon

impréved laboratory mea.sure;nents ofneane of these parametera.

i g n . TS‘-
* . i Y ) w e
.. for sunspot number of ‘a.bmxly; 50: .

P

e
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Until quite recently, obtaining a physica.l understanding of '

First , one has

o sporadic E has been & double pronged problem.

RS
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Several-notable a,dvances have been made recently in our

5 ‘understanding of sporadic E: The first pertains to a possible

* explanation for much, if not all, temperate latitude sporadic E.

; ’.;:Three:years ago, Heilsler and Whitehead .(1960) called attention to. |

i horizontal wind for the formation of a sporadic E 1ayer could lead'

'_ to such a correlation. It ean’ be demonstrated that a horizontal .
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A second new theoretical contribution concerns the mecha.nism
responsible for producing equatorial sporadic E. Fa.rley ( 1963)
Ly recent]y developed a 'theory '-that involves, two-stream .plasma
."instability as the source - of the ionization irregularities in the

& equatorial electro.jets He finds that irregularities should arise - :

'be a.ssociated with equatorial sporadic E. Fa.rley also suggests

LA ot

-,.to limi‘bed a.mount of data presentedu Another ‘approach vwhich! ma.y

-

ultima.tely adVa.nce our undereta.nd:lng of' sporadic E involves the

P
cl
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Y

S

release of various chemica.ls withinnthe ionosphere.. If certain

‘...}'

i

i

L ams ~y
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on diffusion and recombination rates and on the E-region wind system.
- ionizable material into en existing stratum of sporasdic E may give -
S i useful date on the structure and maintaining mechanism of sporadic :
l "’I Eo ' ' r

Clearly, additional direct observations of the nature of the

s
S

o=
L)

& i'._ A ) N
"~ ‘ionization structures responsible for the several varieties of
l B ) . M
’ v sporadic E are urgently needed. Insofar as possible, crucial

{ ' '

~ supporting experiments, pertaining to wind shears and electric

current systems for example), should.be conducted coincident with
""" the electron density measuréments. There also appears to be'a .._';_'

L Y

- - need ifor better observations of the horizontal extent and drift .'.‘ -

Q{dmmmmmmm.mnmm@wmmmmmmm

t-" T

“ '.data ‘on the nature of the distribution of electrons in sporadic E.
B 1 “ig substantially increased r"testing of theoretical hypothesesb .- f:-:
.- "‘_ ccnceming forma.tion mechanfisms will continue to be difficult. i P
P n " . ' : T : ™ _.“,‘_wi’»‘j;,'_u
T THE SUB-PEAK F REGION ‘,,-.; |
x;fégz- This section will be r:stricteé.to consideration of the 7“7fw7§&:?.’
,' | distribution of electrons between the E Jayer and the F-laye|r » .,
- _ peak,‘lthe higher portions o?’ the profile being discussed. 1n'a '
, ccmpa:rtxion contribution by J r.1 H. Chapman o ‘ ! C ',
- *ir“ o '.Ai. sﬁbsta.ntia.l bo‘dy( of g-re’gion. electron density profile‘ data," r -
'f‘ based on "rea.l height" a.nalyses of ionospheric soundings, became ' , ; “

It has been suggested (Wright 1963a) that the release of easily e Vo




features of the s\ib-peak F region electron density profile had
been delineated. Consequent]y, in this section greater emphasis

Sowill be placed on surveying recent progress made toward improving ;‘::'

F region. These fall general]y into the following categories'
. #elaboration of . photochemical and tra.nsport processes pertinent

.to the F region, theory of formtion of the F1l ledge; discovery

R. W. KNECHT Ceag P

s Prior- to the close of the last tr;lennium, therefore, the principalf'j- ,

- T

el "

A considerable nurber of' papers hs.ve been published sihce 1960

pertaining directly or :Lndirectly to the behavior of the subpeak

Vi K

and elucidation of solar-controlledndensity variations in the

e j"composition of the upper atmosphere H studies of F-region fine
structure s including spread F; solatn' flare effects in the F-
,'.region, profile changes durj.ng ionospheric and mgnetic storms

" Following & brief review qu the basic processes influencing

1
e . our mderstanding ‘of the behavior of the F region and less S l’
attention paid to presenting a complete s\mnary of the pertinent RN ;";;t,: .
AR : . . b LR S
;;;jobservations. o S ' .:- S : ' f o '-{-.j{]’.{"'.-, 5{( -




. more -recent work. This theory assumed tha.t the Fl a.nd F2 layers ;',
"are formed. by the ‘same ionizing ra.diations which give rise to a:
. Chapman-].ike peak of electron production in the Fl la.yer. The :

increase in electron density above this level is then supposed to

result from‘ a decrea.se in the rate at which electrons are lost
(Bradbury 1938) The F2 peak of electron density was not easily
accounted for in Bradbury 8 theory, however, Yonezawa (1955) a.nd

"Ratcliffe et al. (1956) overcame this difficulty by the suggestion
/

that :plasma. diffusion couldi.'be responsible for the formation ;)/f th

. i . . , .

v"obsezwed maximm. - - 0 R T - |.Z

'
i . B

RSN e

.

(3
.

It was f‘urther assumed that most of the F-region ioniza.tion is

SRS
AEARTAR
DX el
A
[

PP

y produced by the photoionization of atomic oxygen. The pea.k rate of

35t 2R
W
-

=

~

.
-

1
250 (l + 0. 016R)cm secl‘ « . The: Loss process was assumed: to be

. one involving charge-exchange between O ions and O2 or I\I‘2 molecules

:-leading to' a loss rate (B) at a given height (h) of B = 10 hex'p
[(300-h Y, sojsec

oa
R TTIN
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This outline theory made clear the importance ‘of the ratio of

;.‘jthe scale height of the ioniza'ble constituent (hi) %o that of the:
constituent determining the’ loss rate (HB). (In a completely '
mixed atmosphere Hi/HB = l if the gases mald.ng up the atmosphere B
:are m diffusive equilibrium Bi/HB = 1.75 or 2, depending on
: ’whether 02 or N, is the constituent determining the loss process.):;._:;."i"‘ P
, ,‘:fi.Ratcliffe showed that the shape of the F-region electron density ' SRR
profile is very much influenced by the magnitude of . the ratio R the ‘
,-‘steeper gradient of electron density occurring for the larger T
ratio. On the basis of & ldmited amount of data, it appeared that
the results favored a relatively small ratio ’ suggesting more or )
‘ less complete mixing up to 300-1&00 xm. N
‘ lIt was pointed onxt that because small alterations in the
amount of mixing can produce such significant changes in the
electron distribution and the peak density, this mechanism might’ ‘:.
account for the winter'anom'aly in F*-layer -densities. ‘The F-'-layer
winter anomaly pertains to the fact! that in temperate latitudes ’ -
the F-layer pea.k electron density is much greater ‘in winter: than :
dn summer.s In order for this mechanism to: he responsible for‘ the

anomaly, the mixing would have to. he less complete in winter. than

in sunnnero With this brief summaryl of F-region theory as it was '

generally understood in 1959 . the su‘bseq_uent 'work will now be
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* L . 5 E.a_ 'aN » )N' Di (Nv) ! . 3
| - % = a(b,x) -B(n)N - Div (NV) !
. f in which the time rate of change'of' electron density, 3N/at, depende'."
AP B
« . i .om the production ra.te, qQ, . vwhich is a function of height and solar -
i zenith angle, X, the loss rate, B, which is s function 'of helght, .
Coay o

-.‘..i’ ‘ . " . ‘..’
R ' L Ve ' . " . . S
ol e T ' ; o

4 " Beca.use of mathematical complexity, most of the early workers. .

’ i found;it necessary to restrict their considerations 40 an equilib= - .

‘(; .. L:. -r: . . . J

4 rium solution of the continuity equation. Near midday this is

' . found to be an adequate a.pp'z"oximatien, the other terms in the
.- continuity equation being much larger than the 3N/3t term.
e ‘Rishheth and Barron (1960) carried out such an equilibrium study e

" with particular emphasis omnthe factors which govern the F2 peak |

4§
N e of electron density. They poncluded that the maximum electron '
L :L density and the height at which it occurs, are such that the
‘ :magnitusies of the production, loss and diffusion processes are .
‘ approximately equal. The effects produced by vertica.l drift: «l}
?} depend on the ratio of its magnitude to the product of the scale |
- : height of the ionizable constituent and the diffusion rate at the
_:;.'_ . ,h nIn a subsequent paper,vRishbeth a.nd Setty (1961) a.ttempted to ; '

R ‘ deduqe ionization production ra.tes On the assmnption tha.t the rate

. N
[
® . . e
. Ve I O
o . .
.
K
)

25 and & movement term involving the mean drift Velocity of electrons, .’

-~

. " -" “.
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principally on the rate of production.

the peak rate of production increases by a factor of L. 5 as. the

.; sunspot number increases from 0 to 220, They ‘also suggest that
X
o . ] .and molecu]a.r nitrogen :Ln the F region. . .
1; 'I.'he effects. of’ movements of ioniza.tion on- the rate ot/ ’ cha.nge“?; !f
= I - of electron density.in the F region at sunrise were considered 'by ;
: ifRish‘beth (1961) and Hirsh end Knecht (1962) It vas shown in the
| “first; paper that plasma diffusion a.nd vert:l.cal 4rift had very L
1 ,‘,"little effect on aN/ at in the eunrise F la.yer » though both factors'
D e.ffected the level at which' the peak was formed. Hirsh and: Knecht. &
A
3 ) :'which were evaluated with al digitab computero' Br:lggs and Rishbeth "
» : ’ 3

solve the non-equilibr:l.um obntinuity equation. As a reeult‘ iof

>
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ra.te of production. Similarly, it was possibl.e to ‘calculate’ sola.r,.:

i - eclipse a.nd solar flare effects (Ferraro 1962) in the F- resion-, :

~Also,': it was possible to see how faf & time-vary‘ing solution. of
::.the continuity equation whic‘n included only production, loss and
diff‘usion, could explain. the behavior of the F region. ' -
‘Solar .eclipse's have beén used on several occasions to provide.‘q.\_

-~ _:ionospheric deta from which production and loss rates could ,be

determined (for example, Gledhill 1959) 'Most recently, Va.nZandt

"f":v"et al.. ( 1960) deduced production and loss rates that were about

‘.ften times grea.ter tha.n those previously derived by Ratcliffe et a.l.

(1956) ‘Using these rates and an internally conaistent model

l atmosphere and solar ionizing flux, Norton et a.l. (1962) wene eble :

?A‘rea.soﬁ:able agreement with observations.. . o - Moo
Hirsh" (1959, l.962 )‘Acons;idered, lin deta.il,.the effects of the ‘."‘f : ::\
“'heigh‘t dependent loss proceases thought"to. be active in the F ’
regiotn and showed that mmhfeatures of the obeerved profiles,

nota.bly the bifurcation of 'hhe day‘bime F region into the Fl and F2

.layerd R could ‘be a.ccounted for in this manner. Major discrepancies :;" T

: remained s \however ;. between the loss ra.tes predicted by Hirsh'

JPECRpe
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: 'procelsses possible in the F region. The complexity of these_.
g p processes was recently described .by Nicolet (1962). " i . .
:, Shortly after the first satellites were launched, obser\lrations L
: f " of a.tmospheric drag revealed the presence of significanf £luctua- ; o ',,'
) " tions in upper atmospheric neutral gas densities. The observed. ' 1 ”"'{f
, .diurnla..l and seasonal cha.nges"l in density have been related to solar= J : o
_ contr'olled changes in F. region temperature (J’acchie 1§60, King- B
* ;;:'.?'57: Hele o.nd Walker, 1961). The implications of a diurnal temperature :1'-:, '
variation in ;\:he equatorial F region has been investigated by ]
: Venzandt and Norton (1961) end others. Hunt and VanZandt (1961) °
' and Ha.rris and Priester (1962) have calculated.the photoionization
heating to be expected in the F regitn and find it in general . ‘,
agreement with the temperatures deduced from the satellite drag -

~~‘-' , ». data except that Harris é,nd;Priester'- take into account a second

‘ corpuscular" heat source, the exis’oence of which has been suggested

o ~z by Paetzold (1962) and others. It seems clear that future work '
must take into account both:short and long term temperature varias ‘ ) :
‘ ‘tions in the upper atmosphere as vell as those assoclated with L w‘:
hf':."iﬁ-i-Chanses in solar activity. . ? ' _ - .
K ’ Attention has continued; to be given to examination of Fregion’
: ‘ electrpn density profiles obtained £rom :I.onosond.e data with the
. ‘ . .obJectdve of improving our understa.nd.j_ng of the tempera.ture control
; of iomospheric structure. Wright (1962b), using a thiclmess; -
‘ ‘. mﬂfer Of the F2 peak to determiné the neutral atmoephere sca.le ,
L R i i : ;;




varia.tions which may 'be caused by temperature cha.nges. He a.lso_

y presents evidence to indicate that the so-ca].‘l.ed "wintez‘ a.noma]y"

% BRRS it S curvature of the F2 ]ayer pea.k, deduced a neutral gas temperature

| I e variation of about 900‘5(1:0 1400°K from sunspot minimm to ma.ximum

- - So far in this rev—lew, lour attention has been confined to |

; ’ height distr:!.bution of electrons in: the ionosphere. However‘, for'

' E “ ‘,'.l-some‘ purposes, obtaining an't.'understa.nding of the horizontal: .
2 B X '(Jatitudinal) structure is equally important. The change in:F region . -:'
o structure as a ﬁmction of magnetic dip is well illustrated in -

Figure 9 (after ’I'homa.s 1962) "Profiles are shown for four loca.tions

(%)

-
X,
i

l

, ‘ﬁ RO ha.v:Lng aip a.ngles from T2°Nito T°N..: The effect of inhibited: verti
- {'J - Y. "..ca.l difi‘usion near the magnetic equator is clea.rl;r seen. Obher |
* : ;‘factons such as electrodynamically induced vertica.l motions ma.y
* | R AE T S ..{'_a.lso n]ay & role in eleva.ting the low la.titude F layer.
A Wright 5 using ionosonde data ’ has presented a considera:ble
e ] .- ",‘ " o ' . i ‘,‘ o
5 T 75 w mer:i.dia.n (l962a 5t 1963bb fFigures 10-12, ta.ken from his mork,
e
. ..‘i
i

v

“
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Rt ¥5-Cull L0




“

R B I DO Ry

o

o ow
. bt

N S

by Go]ﬂberg and Schmerling (1963) and Rishbeth et al. (1963):"

: These.’ papers attempt to deal quantits.tively with the problem%of"

R.w.m - (-,.".-37-’

~in.F layer structure at a high latitude, temperate and equatoria.l i

location. (The dashed portions of the profile above the F2 pea.k

1960)) Figure 11 illustrates the sea.sona.l cha.nge in F-layer

structure a.t noon a.t ‘the three locations (note that Huanca.yo is in

t

‘the southern hemisphere) Solar cycle effects on electron density

2 profiles observed at" Belvoi.r s Virginia. are shown in Figure 12
'.(Wright 1962b) 'J.‘he profiles ) obtained f‘rom ground-ba.sed ionosonde

data s hs.ve been extra.pols,ted by Wright to ‘an a.ltitude of 1000 km

using as a basis for the ext;rspols,tion the observed ‘scale height at %

the peak of the F2 layer. . 1

Progress ha.s also been umade in :several other areas pertaining
to. the F region. 'I’heoreticaﬂ. work ooncerning the horizontal :

structure of the equs.toriel ionosphere has been reported recent]yd

g T b e T}
.-

e

<.

13

: ‘f horizbntal diffusion of ionization at low magnetic latitudes:

'.The studies of Calvert and cohen (1961), Cohen and Bowles (1961),

Pitteway and Cohen (1961) a.nd others » have done much to improve

“our understandi.ng of some of. the mechs.nisms responsible for low
/ [N

‘latitude spreed Fo Sta.tistica.l studies of world-wide spread lF
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The results of a preliminary study of magnetic storm effects

1

on eléctron density profile data have been given by Matsushita

' (1962). However, much more e.na.lysi's of this type needs‘ t0 be done

before a clear picture of tPe mgnejt:.'ic storm effects on the”F-region'
electron distribution emerge. Also, the problem of so{,‘lar flare ;
photon effects d.n the F i'egion has Been under ‘study. .Severa;l ’
workers have réported F—reg;lon ionization increases zrrb the times of ' .
large solar flares (Knecht end Davies 1961; Davies 1962). .

.In summary, considerasble progress has been made since 1960
towan‘;l improving our understanding of the behavior of the F! ‘region,
though qerta.in large gaps remain. In several instances these gaps
are related to deficiencies in our knowledge of the neutral:

atmosphere. For example, the height of the turbopause is not known
. \ o .

.and doubts concerning neutral and ion composition still exiat in the

F region. Also, intolerably large uncertainties are present in
some : crucial reaction rates) calling'in some cases for better '
laboratory measurements. FPhotolonization rates, .especia.lll,y as a

function of solar cycle, are not wedl enough known and the pertinent

loss -processes in the F region and #heir diurnal variability need

to be|better studied. The Pprecise role played by electrodynamically

induced vertical drifts, conjugate hransport (Rothwell 1962) and

._’r‘elat;'ed. mechanisms, is stlll very much open to question. The cause

of the winter (or summer) amomaly in F2-layer ‘peak electron;‘;' :

. densities 'pqnnot yet _Pe congldered %o be 'lmown, hough several
_ : »A‘:,_. ) o N
e . oae f’. ..I "."‘t . '.,,v,, ._',._,,.;...q e '. q e . A.."_. © e .',-.
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suggestions as to possible mechanisms have beén,made. Finally,

the phenomenon of the ionospheric storm renhins a maJor unsolved

problem in ionospheric physics. RU k,f'" if
__ Acxgvmmcmms S

I am inde'bted to J. S.'Belroae, Jo E. Hall a.nd. L. G. Smith

T

for providing their results in advance of publica.tion. -
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"FIGURE CAPTIONS ' :

Figure l - Normal D-region electron density profiles. (a) Typical ' A
midday profiles (1 = Belrose (1963); 2 =. Barrinzton et . B

s ‘ 1. (1963); 3 = Yonezawa (1962); 4 = Adey end Heikidila
VA SR S (Belrose' 1963); 5= Smith (1963); 6 = Hall (1963)). (b)
Lo ; 5' . Typical nighttime proﬁles (1 = Smith (1962); 2 = Smith
. >(1963b), 3 = Smith (1963b)). T
"',I_‘igure. 2. . Diwrnal and seasonal varistions in D-region electron S A,
ST .. density profile. (a) Diurmal variation (after Barrington : '~ . -
i j. .~ et al. (1963)). (b) Seasonal variation (dotted curves - '_. . ",’ d
Y Belrose (1963), dashed curves - Barrington et al. (1963)) TR
’ .:' Figure 3 ‘-" D-region electron density profiles during solar fla.res e
o -j ; » . (SID) and polar cép a.'bsorption events (PCA). (&) Ca.lcu-~ R .
q SRR ", lated and observed profiles for moderate solar fla.res ' ‘; o

| Che T u.‘:'_. (see text). (b) Sbservea i:rofiles during PCA events (see _
1 . . . l. '..nf; . :: ") " - text) ‘ . ‘ 5 ": :“ " I"~

. ] . R
! R .

‘ Figu:x’-e' h‘ Dregion electron;density profiles during auroral distur-
SO I bances and during periods of high sbsorption essociated.

L S ‘ . with the "winter anomaly”.. ! (a) Auroral disturbance : :
YL profiles (see text). (b) ‘Profiles during "winter a.noma.ly B
L ' (after Belrose (1963)) A , L -

e 1

. - " i‘. ! : L
\ COmparison of theoretica.l noon profile of D-region electrcn )
c . density derived 'by mcolet' and Aiken (1960) and amoo‘thed
. T‘. | - e o

N midda.y profile genera.lly representa.tive of the o'bserva-
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Figure 6 , Midday and night profiles of electron density in the .+
) E region. (a) Midday E~-region profiles (l = Smith . N e
) . " (after Bourdeau (1963)); 2 = Smith (1563a); 3 = T
{ e ., #." Yonezawa (1962)). i (b) Night E-region profiles (1 = ° "' ..~
I P~ smith (1963p); 2 &' smith (1962); 3 = smith (1962)).
. . | ~ Figure T Diurnal variation :in E-and.lower F-region structure . L :
B . " (after Paul and Wright (1963)). o L
Figure 8 " Rocket profile through "sporadic-E" ioniza.tion.
K _ .Wallops Island, Virginia; 1700 75°W time December 5, - *. .,
BN 1. 1962, (Smith (1963b)). Tonogrem teken at Wallops Islemd ' ~.", . '
{ .- .- k 0 at the time of firing is also shown. . AR
. ' ? ' . n‘ < : l :“. el N
A '.‘_Figu.re 9 . Effect of magnetid dip on the electron density profile o
, in the F region (after Thdmas (1962)). A
Figure J.O Diurna.l variation in the Frregion electron density ' ‘f R
' profile at high temperate, low temperate, and equatoria.l ‘
s o locations.. I : no
. - : . - " Bt | ~ N ‘ Seroe R e
TR Figure ll Seasonal veriation in the F-region ‘electron density IS '
.5' ' ..,,f\' pmﬁle. - T Lo ETE TR AR
. . re. > § B . , . ’ - |; . M. e : .
- ~ s, - N .o - I »:. ..‘4 4'1’" ., .
Figure 312 Solar cycle varia.'p;ion in 'the F-region electron density e » “:'_ ,
SR " <-.'j‘. (, Tt proi’ile at’ Belvoir, Virginia (e.fter Wright 1962b) o . .
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-0 June 1954 Jan 1954
100 June 1960 Feb 1956
200 June 1957 Nov 1957
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