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ABETRACT

Time versus signsl amplitude strip charts of artifi-
cial earth satellites have been examined in order to in-
vestigate the diurnsl, seasonsl, lstitude, and height
varretions of ionospheric irregularitvies responsible for
disturbances of radic waves., The data indicate that the
fluctuations or "sciutillations" cuused by the ircegulari~
ties are predominately night-time phenomena. The sSeasonw
al study shows that the maximum seintillation sctivily
aprears to be centered about the asutumnal equinox; the
minimun activity, centered about the vernal equinox. The
latitude variation study shows that during reriods of
strong scintiliation activity, the scintilliation depth
is strongly dependent on latitude; the maximun depth oc-
curring at high latitudes and the minimum depth at the ob~
server's latitude; The variation of sciptililation denth
with height of emitier shows that maximuwm scintillation
activity occure at heights of 500 - 550 km, The depth
then decreases steadily to heightes of 1550 km.

The results of the diurnal and seasonsl studies a-
gree with the results of other workers. The height vari-
ation svudy does not conform with any :resent theory. A

theory for latitude variation hes not been rroposed.
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INTRODUCTIOUN

Among the early workers in radio sstrdnomy were Hey,
Farsons, aud thllips.l In 1946 they detected shorte-period
irregular fluctuatioms in the signal strength of the noise
power at 5 wmeters wave length in the direction of Cygnus
4+ They concluded that these fluctuations or "scintillations"”
were due to variutiouns in the emission power of the source,
and that these¢ solntilistions wight prove particularly
relevent in explaining the origlin of coemlec rediation at
radio frequencies. Bolton and Stanley,g and Hyleuand @&ith§
established the existence of intense sources of radio fre-

quency ruadiation from the comstellations of Cyguus and

Cussiopeia. They too thought that irregulsr flustuations
notiéced on recordings of signel strenzth versus time were
inherent in the sources themselves.

In 1949 Little and Lovelié at Jodrell Bank made a
series of interesting observations. Using two receiving
stations spaced 210 km apart they observed simultaneously
radio frequency signals of wave length 3.7 meters from Cygrus.
At the same time they observed Cassiopeia at Camtridge and
Jodrell Benk at Cheshire. The results were that at hokh
sites they generally ssw fluctuubtion: or failed to see such
fluctuations on & given night. Cnly -bout 10% of the tiue
did they notice a discrepancy vetween stations. There was,
however, no significant cor.elation veltween the records.

It was woticed in geuersl, however, thut{ the mechanisnm causing
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the disturbances in signal received from either Cygnus or
Cassiopeis was responsible for the disturbances in the
other. Little and Lovell conducted another experiment
with stations spaced closer together in an attempt to es-
tablish the amount of correlation over short distances.
At 100 meters separation they saw complete correlation,
end at 3.9 km fairly good correlation. 48 a result it was
concluded that the mechanism probably lies in the earth's
atmosphere or ionosphere rather than in interstellar space
as had been proposed by earliier workers. They went {urtiher
to sug:rest that localized clouds of electrons in the ¥
region may cause changes in the refractive index of the
ionosphere and conseguently produce scintilliation.

smitn5 on 3.7 meter wave length saw no correlation of
fluctuations when two stations were spsced greater than 20
kme At Cambridge on 3.7 @ and 6.7 m there was found to be
good corvelation between rapid fluctustions. This uight
be explained by 2 mechanisu in the earth's atmosphere due
to local changes in index of refractions

A sumzary of observation snd theory of radio star
scintillation is given by Baoker.6 The most significant
conclusione of his peper are: (1) an increase of scintile-
lation iz observed with an incresse in zenith angle, (2) a
midnight meximum is observed by all workers and in Australia
a weak midday meximum is observed, (5} observers in the northe
ern hemisphere report little seasocnal variatiocn, ond (#)

there 1s & good correlatlon between the occurrence of rsdio
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star scintillation and spread F reflections.

With the-launching of the first artificial earth satel-
lite in 1957; more comprehensive studies could be made on
the irregulsrities in the ionosphere responsible for scin-
tillation. Slee7 observing the 108 Eq/% radio signal from
the sgtellite 1958 Alpha during the months of February and
march; 1958 concluded that the region of the ionosphere
causing scintillation was below 350 km because at the sat-
ellite's perigee of 350 km there was no marked decrease in
scintillation. He concluded that the regular variations
of signal strength of the satellite were produced by the
physical rotetion of the satellite. Other workers have
shown that rotation of the plane of polarization is produced
by both (1) the anisotropic ionosphere through which the
satellite signal is propagated and (2) rotation of the sat~
ellite. KentB at Cambridge (52°K; 0°) has studied the 40 ﬁe/%
transmission of 1957 Alpha., He observed very little scin-
tillation for satellites south of Gambridge; and generally
observed scintillation at lower latitudes to the west than
to the east of Cambridge. He concluded that the irregularities
responsible for scintillation (1) generally occur north of
50% N latitude; (2) are aligned along the magnetic rather
than geographic meridians; (3) occur at heights above 250
km, and (4) that they are about 1 km in size. In addition
Kent concluded that the irregularities responsible for
satellite scintillation were probably responsible for
radio~star scintillation and spread-F echoes.
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Yeh und Swenson’ at Urbuna, Illinois, (40° N, &8%W)
have observed the 40 Mq/h transuission of 1957 ~lpha and
the 20 ic/s trasmission of 1958 Delta II. Their results
indicate that scintillation is predominately a night time
effect and generally occurs above 400ﬁ'lat1tuda, but they
observed no distinct latitude dependence during the day.

Hawdsley'® sugcested thet (1) on the basisof star
scintillation data one would ex;ect the irregularities to
be elonpated slong the earth's magnetic field lines {Sp&ncerll),
"and (2) the scattering efiiciency of the irregularity de-
rends uron the angle vetween the direction of propagetion
and the direction of elongation of the irregularity, the
efficiency being a minimum when the direction of propagation

is along the direction of elonzations On the basis of these

suggestions, he conciuded that a higher incidence of scintil~
lation should be observed to the north and west of Cambridge,
and thut the irregularities do not necessarily disappesr
souvh of Cambridge.

Singleton and Lyach'® at Brisbane, Australia (27.5° 8,
152.9° E) recorded signals frouw the transmissions of 1959
Iota 1 at 20 %g/é from July to veptember, 1960. From a
study of theilr scintiliation data they concluded that the
scintiliation activity (1) has a Gaussian distribution of
amplitude, (2) is jredominately e night time effect with a
maximum shortly after leegl midnight, and (3) increases
no%icaably with zenith angle above 50°.

The theoretical aspects of the propagation oif spherical
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waves through a medium containing anisotropic raodom irregu~

lerities have been trested by Yeh.l§

He applies first order
perturbation theory to the propsgation of radio transmissions
from satellites through the ionosphere. In contrast to the
work by Singleton and Lynch, Yeh suggests that the scintile
lation index should be relatively insensitive to the zenith
angle of the satellite position for temperate latitudes.

In addition Yeh shows that the scintillations (phase and
logarithmic amplitude) depend upon the height of the satellite
above a slab containing the irregularities,

14 2% the

In a very recent paper by Briggs and Parkin
University of Adelaide, the variation of satellite scintile
lation with zenith angle is thoroughly discussed. Briggs
and Parkin flatly disagree with ilawdsley's suggestions
(nentioned ezarlier)., They suggest that the maximum scintile
lation index will be observed when the signal from a satel=~
lite is proypagsted parallel to the axis of symmetry of the
irregularities sssuming an ellipsoidal configuration and
not normel to the axis as suggested by Kawdsley. Their
theory sugzests thut the amplitude scintillaticu index
depends upon the ratio of the scatiered power to the un-
scattered power which sc¢cording to them is a maximum when
the direction of sropagation is psrallel Uo the axis of
symmetiry.

The lIonosphere

A pnumber of ionigzed regions above the earth's surface

form the ionosphere. These regions wre responsible for
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disturbances to radio waves from extraterresitrial sources
mainly because of the presence of free electrons. The regions
are arrsunged approximately in horizontally stratified layers.
They do not have sharyp boundaries and their heights sbove

the earth sre not rigorously defined. The lower limit of

the ionosphere is generally considered to be at an altitude
of 50 km and the upper limit abeut 500 km althoupgh this

figure is not well egreed upon. The regions or layers are
identified by the letters D, F, and F and differ in their
origin and influence on radioc wuves. PFigure 1 is a plot

of height (km) above the earth's suyrface wversus electron
densiby7(elsctrmna/%0) of the average daytime 1ona;§hera

for the year 1962. The Seddon two-frequeney radio=-propa-=
gation expsrimant15 demonstruted that in the lower ionosphere,
the electron density inereases monotonically with sltitude,
and thus the various regions are not well Yefined.

Until the advent of artificial earth satellites, radio
stars were the only sources available for studies of the
ionosphere above the F2 reaks Very few radio stars emit
signals which can be observed witiout very elsborate equip-
ment: thus, oniy certain portions of the ionosphere could
be studied becuuse of the limited apjarent motion of the
stars. The ionusphere above the F, peak is not accessible
%o the classical ground-based ionosondes. Now it is possiple
to measure the disturbzuces (0 radio signals as fuuctions
of the various position g&rameharé of the ssteliite in
addition to messuring ionigation radiation, electron density,

and ion composition for zll regionms of the ionosphere.
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D Region

The lowest of the ionospheric regions is the D reglon
situated between approximately 50 and 8% km. It exists
during the daylight hours only and merges into the E region
at sunset. Aikan16 has suggested that the major portion
of the D region is crested in an interval of about 30
minutes at sunrise,

Ricolet and Aikinl? have done the most detailed theo-
retical snalysis of D region formation although the complete

mechanisms resyonsible for the formation are not fully known.

They have concluded that:
(1) cosmic radiation is the primary ionizing agent

at altitudes up to 70 km;
(2) *in vhe 70~85 km region, assuming a NO recom-

bination coefficient of 3 x 10 gcmﬁsec s &8

=10 ¢ thne

nitric oxide abundance of only 10
total neutral concentration is required to make
X~-rays (2-84) unimportsnt to the formeiion of
the D regicn under guiet sclar conditionsy
(3) negetive ions are unimportent above 70 kmj
(4) the ionigation at altitudes between &5 sznd 100
km {bese of the E region) is the result of X-
rays (30-100 A) and ultraviolet radiation
{(Lywran B and lLyman eantinuam}.“l§
When the solsr activity is high, the D region is
characterized by incressed lonigation with associated electro-
magnetic wave attenuation strong encugh to prodice solar

blackouts. Simultenecusly with the appesrance of solar
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flares, large scale fluctuations in the D region cause
sudden ioncspheric disturbances (8.I.D.) and pclar cap
absorptions (P.C.A.) 8% auroral latitudea*15
E Region

The next region in the ionosphere is located approxi-
nately between &5 and 140 ku and is ctlled the E regiona
The preﬁémin&nt ionizing sources of the ¥ region for guiet
solar conditions at mid-latitudes are solar ultraviolet
}a&;&tian (Lyman B snd the Iyman contipuum) and X-ray radi-
ations () >10 A). The remainder of the iocnizing sources
are thought to bet (1) zeneral ignization of air by soft

XFraysla

and (2) vhotolonization of 0, by solar radiation
in the wavelength region between &00 and 1026 Aalg The
ions formed in the grestest abundance in the E region are
Np*, 03 4 0%

he maximum ionization density is of the.order of 10?
elaotrons//émE, but this varies in the course of the sun-

20 At night the density is lower by two orders

spot cycle.
of wagnitude. Until recently, né{th&r rocket-borne experi-
ments nor ground-based ionosondes were sensitive euough %o
measure accurately fha.deuﬁity of the night-~tinme I region.
How with low energy plasma probes in space flight studies
the diurnal chax&etariatics of the F region csn be investi-
gated.

Bporadic E

At tises lonosondes reveal, besides the well-recognized

%y ¥, and F, regions, distributions of intense ionization
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COLLEGE OF WILLIAM & MARY

close to the height of the E region. Bec:.use of their ran-

21 de=

dom occurreunce these sre known as sporadic E. Bmith
fines syoradic ¥ as a "...comparatively strouy and pro-
tracted transmission (several minutes to several hours)
‘revurned’ from the E region of the ionosphere by some
mechsnisw other thsan the normal reflection rrocess from the
daytime regular B layer."

The more probuble eunergy sources of sporaedic E are:
solar corpuscles (thought to trkg@mr the unstable upper
atmosyhere in the suroral zones), meteors, thunderstorms,
winds and turbulence, aud ionospheric currentss, The struc-
ture of the sjoradic ¥ region is not at all well known.

The three models which havé beer rroposed ares (1) "a thin
horizontal layer of high electron density embedded in the
regular E 1ayer,”31 (2) a steep gradient in the upper or
lower part of the E layer, and (3) blobs of ionization of

high or low eleciron densities ewbedded in the surrounding

medium.
F Region
The F region is taken G0 be the regiom of the iono-

sphere zbove 140 km. BourdeaulB states that the uryper
limit is generslly taken to occur where 0% ceases Lo be the
predominant ione. The primary sources of ionization in the
F region at mid-latitudes for quiet solar conuitions are
believed to be solar ultraviolet and X-ray radiations.
During the daytime there are two peaks of iogization

in the F region. The lower of these, the F, peak, 9%curs

8t a nelight of about 100 Kw with ap eleclLron density of

1



245 x 10” elecirons/cm’ at nood st sunspot miniuum. At
night the Fl peak merges with the F, peak.

For mid-and-high latitudes the F, peak occurs at a
height of about 250 km with an electron density on the or-
der of © x 107 alectrozxs/em5 at noon on magnetically quietl
days. At night the F2 preak, combined with the Fl peak,
rises to about 350 km. The ?2 region is subject to umsany
apomalies, and is affected by tidel influences (solar and
lunar), as well as by the conditions associsted with nage-
netic storms. One such anomaly occurs at the equator where
the Eg peak is about 350 ks at noon and about 300 km at
midnight, and where as at mid-and high-latitudes, ss mention-

2 host F region fluc~

ed above, the F, peak riscs at night.
tuations sppear to be as.ociated with magnetic activity.

At cerxrtasin times ionosonde returns are diffuse and broad
near the critical jenetration frequeacies of the ¥ region,
indicating that this region is anisotropic; that is, it con-
tains rascdomly cistributed "blobs" of electron deusities
differing f{rom their surroundiungs. This phenomenon is known
as spread F and, «ith reasonable certsinty, Uthe inhomogene-
ities associatea with spread ¥, the steep ionization grad-
ient &t night of the unuersurface of the F region, end mag-
netic disturbences 4t wid-to high~latitudes, are the wain
causes of radioc-star und satellite scintillistions.

Above the F2 peak the electron density decresses with
a practically constant logarithmic slope for several hundred
kilometers., This region is not too accessible to ordinary

ground based pulse technigues. With the use of artificial
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satellites, including especially the "top side" sounding
satellites, a better understsnaing of the composition and
behavior of the uypper ionosyhere is expected to be achieved.

Tﬁe Experiment

The purpose of this experiment is to atiempt to gain
a betver understunding of the properties of the ionosphere,
For example, good investigations of dlurpal, sessonsl, snd
latitude variations of the ionospheric irregularities have
not been published. Also of interest is the effectiveness
of the irregulsrities in producing disturbances on extra-—
terrectrial radio signals as functions of the height of the
emitter and its zenith angle (along the observer's magnetic
meridian) measured from the observer on the surface of the
earth., This exyeriment limits the extraterrestrial sources
to srvificial earth satellites. In particular the satellites
observed were Transit IV-A (196l Omicron 1) and three Russian
satellites of the Cosmos series. The observing or receiv-
ing stetion is locaved near williamsburg, Virginia (longitude
76° 45% , latitude 37° 17'N).

Five hundred =nd nine (509) records of Traunsit IV-A
and one hundred and forty-nine (149) records of the Cousmos
satellites have been observed from January, 1962 through
Februsry, 1963. These records have been examined for ir-
reguler fauing {(due to the randomly distributed irregularities

in the lonosphere) imposed on the regular fading due to the
rotation of the plane of polarization of the proyagated

signal and the rotation of the satellite, The irregulsr

fading has rapdom awplituaes and fading rates and is termed

13
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FLUIPMENT
1961 Omicron 1 - Transit IV A

The 1961 Omicranz;aylo&d was launched into orbit with
a Thor-Able Star rocket on June 29, 196l by the Aprlied
Thysics Lsboratory of the Johns Hopkinsg University. The
payload was the first to consist of three sutellites; the
principsl one, Transit IV A, carried the first nuclesr de-~
vice ever rocketed into orbit. Attached on topr of Transit
IV A were two sclientific satellites: 40 pound Injun and
the 55 pound Greb. The two smaller satellites separated
from Transit IV A but failed to separate from each other,

The 16 sided Trausit IV A bas a flat bottom and top,
is 43 inches in dismeter, and is 31 inches high. Its nu-
clear power device is fueled with plutonium 238 and pro-
duces three watlis of power.25 Transit IV 4 is equipped
with four radio transmitiers; two rowered by the nuclear
device, two by solar cells located on the surface of the
sutvellite. Two of the radios transmit on 54 ﬁq/% with a
radiated power of 150 mw; the other two transmit on 324
2% ntne 54 uc/s

dopyler signal is phase modulated by approximately 35° with
25
i3

Mic/s with an e¢stimated power of 80 mw.

a ring type modulstor.
The initial orbit paraseters of Transit IV A were:

nodal period -« 103.7 minutes, inclination = 67.00 degrees,

perigee altitude ~ E58.8 ka, apogee altitude - 1002.1 km.26

The nemory readout system of Transit IV A provides

15



a new and more ;recise time sisndasrd avalilable over the
entire surface of the esrth. It is wore agcurste than the
time signals transmitted by WWV of the National Bureau of
Stundards, siuce WV trsusmissions are subject to vuaria~
tions in reception tiue beczuse of refraction due to fluc=-
tuations of the ionosphere.
Russian Batellites

In sduition to Transit IV A, three Kussian satellites,
transmitting on approxisately 20 ﬁq/é, have been used in
this problem: 1962 Theta 1 - Cosmos I, 1Y62 Jota 1 - Cosmos
I{, and 1962 Ugsi;an 1 - Cosmos V. Of course, the speci-
fications on these satellites have not been made available.
The initial orbit parameters zie listed in Appendix I.

Receliving and Hecording Eguipment

The signsl transmitted from a satellite is received
by & half-wave folded dipole antemns and is then sent to
a Tepetone converter. There the signal is preamplified
and converted to l4.4 kc/s which in turn is sent to a
Collins 51J-=4 receiver. .The signal is taxzen ocut st the de=
tector, sent to a céthode—follower, intepgrated, D C aumplified,
and then recorded by & Brush penmcorder, Figure 2 is a
block diagrem of the satellite receiving and recording
equipnent and & more descriptive account of the individual
components follows:

Antennas

The antennas used for satellite tracking are half-wave
folded dipoles constructed of 300 ohm, heavy duty twin lead
(Amphenol 214~185). The calculstion of the proper length

16
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of a dipole is as follows. The half-wave length (ué&) of

a slignal transmitted in free space is:
() - 5

= 492Kk

(3 Ceons) = $BE;

where k is the "end correction™ (k = 0+95). The velocity
faetor for 300 ohm twin lead is taken to be 0484, thus the
half-wave length ( 4%» ) in the twin lead is:

(=2 ) = 0.84 (e ).

The difference in the length of the dipole ifor free
space and that for the twin lead, C.l6 ( «é‘ ), is corrected
for by adding a heavy copper wire of length half the differ-
ence to each end of the twin lead.

The use of a half-wave length balun, see Figure 3,
is employed to produce & 4-to-l step-down in impedance. This
permits the use of a 73 ohm transmission line (RG - 5?/%) to
connect the antenna with the next stage of the receiving
eguirment. Tha balunis made with RG - %g/ﬁ coaxiasl cable
with a velocity factor of 0.66.

The antennas are cornected to glass insuletors whieh
in turn are connected to %/Q~insh nylon ropes. The ropes
are fed through pulleys (to facilitste chznging antennas)
mounted on aluminum masts 27 feet high. Flacling the antennas
at this bheight reduces the efifect of obstructions on the
ground. The ground rlane is not known nor has an srtificial
ground plane been constructed. This system of antennas has
the asdvantages of being essily snd inexpensively constructed.

18
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The antennas, slong with the other receiving and record-
ing equijment are located in an open, flat field a few
miles west of ¥Williasmsburg. One pair of antenna masts
are situated s0 that one antenna is aligned along the
north-south direction while the other is aligned along
the east-west direction in such a way that they intersect
at their midpoints. A similar pair of antennas is lo=-
cated a short distance from the first. The system of two
mutually perpendicular asntennas provides a means of ex-
amining the rotation of the plane of polarization of
satellite signal.
gonverter

4 Tapetone PTC-54 converter was used to convert the
S4 Kq/é satellite signal to an intermediate frequency of
144 uq/%, In the case of the Russian satellites a Tape-
tone TC~20 was employed. In either case the tube line up
is a pair of 6BQ7/A tubes as a cascode RP amplifier; follow~
ed by a 60B6 mixer stage. The local oscillator is crystal=-
controlled, using s 12477. The TC~54 converter has a
power gain of 44 db and a noise figure of 3.2 db.

Receiver

The two Collins 51J-4 Radio Communications Receivers,
employed in this experiment, are complete coverage super-
heterodyne receivers capable of AM snd CW reception in the
frequency range of 0.5 to 30,5 ﬁg//. The tuning spectrunm
makes use of single, dual, and ¢riple conversion. Three
stages of intermediste frequency amplificstion and s

crystal filter produce the desired degree of selectivity.
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A low impeéanoe‘Avc; a good noise limitar;tno stages of
audio amplification; and a 100 k¢ frequency spotter or
calibrator are festured in the receiver.

In the frequency range of in%mst; approximately
14 .4 Hg/%, dual conversion is used. The signal frequency
ie beat against the high frequency oscillator output to
produce a variable i-f of 2,5 to 1.5 ﬁg/%. This in turn
is combined in the second mixer with the variable frequency
osc¢illator ocutput to produce the 500-ke fixed i-f. For
the reception of a satellite signal frequency of 54 &q/é;
8 3.1 ko mechanicel filter was inaorparated; which would
pass a band of frequencies spproximately 3 kc¢ wide center-
ed on 500 kes A 1.4 ke filter was used for s 20 Mq/@
satellite signal.

The satellite signal is taken from the Diode Load test
point in the detector circuit, (see Pigure 4), The de~
tector consists of one half of a 124X7 dusl triode, used
as a diode, with rectification taking place between the
plate and cathode. The grid is connected to the plate.

Cathode Follower and Integrator

The signal from the diode load test point of the
receiver is fed to a cathode follower consisting of one=~
half of & 12AX7. This arrangement presents a constant
impedance to the test point (detector ocutput) regardless
of the recorder time constant, For a year 90 volt
batteries were used to supply voltage to the plate and

cathode of the cathode follower. These proved to be un~-

satisfactory since they were both expensive and ineffective.
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in supplying a2 constant voltage for a considerable length
of time., As a result a simple Loger supply was built $o
eliminate the batteries., A circuit diagrawm of the power
supply is presented in App;ndix II. The cathode follower
has a voltage gain of about one and a maximum output of
about 2.0 volts.’

The signal is then integrated in order to prevent
amplification of frequencies higher than the linear response
of the D.C. amplifier in the recording system. 1In order
to preserve the amplitude and phase of the signal to with-
in five percent; the RC integrutor tine constant must be

less than %/i6 of the minimum period of fluetuation:ag

rC < T/,

The circuit of the cathode follower and integrator is given
in Figure 5.

Recording Equipment

The recording system employs a Brush D.C. Amplifier
kiodel RD 5211 03 in conjunction with a four channel Brush
Oscillograph Kodel 2641 00« The integrated satellite
signal is fed into the D.C+ smplifier which provides sen-
sitivity steps of 4OL, +02, 405, «1, «2, +5, 1, 2, 5, and
10 volts per chart line (mm) on the oﬁcillegragh (pen
recorder). fThis permite a full scale measurement range
of d.c. amplification from 0.4 volt to 400 volts. The

pen recorder has & d.c. sensitivity of 1,5 volts per mm

from the chart center. The recorded peak to peak amplitude
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of & constant voltage sine wave will be within } Yhchart
line (mm) of nominal 40 lines from d.c. %o 10 cps or
within * 1 chart line (mu) of . a nominal 10 lines from
decs to 100 cpez. The maximum amplitude at 100 cps is 10
lines; at 40 cps, 40 lines. The chart speed is regulated
by e direct drive, synchroanous motor which provides the
following standard speeds: 1, 2, 5, 10, 25, 50, 125,
and 250 mm per second.
Auxilisry Eguipment

A Bpecific Products Model SR-7R Recelver, specifically
built for receiving radio transmissions from the National
Buresu of Standerds station wwv; provided accurate time
marke necessary for determining precise satellite positions.
The WWV trasnsmissions were recorded on one channel of the
Brush osclllogreph simulteneously with the recording of
a satellite transit.
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FROCEDURE
Data Acquisition

Prediction bulletins supplied by Goddard Space Flight
Center provi@o the means of determining the time when a
particular artificial satellite will be within tracking
range of the observing station. The observer then can
arrive at the station in advance of the predicted fkime in
order to "warm-up" and calibrate the receiving sund re=
cording equipment. A few minutes before the prescribed
time the observer begins slowly varying the main tuning
control (of the Collins 51J-4) through the freguency range
centered about the known satellite freguency. When the
satellite transmission is received, the signal is nulled
with the BFOQ on; the BFQ is turned off and the recorder
is switched on.

The sign«l is kept at less than full scale by means
of the d.c. amplifier gein control. The changes in gain;
however; are minimized in order to facilitate in the analy-
sig of the record. During the satellite trausit, as men-
tioned earlier, one chanuel of the recorder is used for
the recording of WWV time signsls. Except in rare cases
the chart speed was 10 mm/sec.

Data Analysis

Before proceeding into the snalysis of a satellite

record, a description is given of the trace of a satellite

signal as recorded on a time versus amplitude strip chart.
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The recordings of the signsl show two distinct kinds of
fading. OUne is » slow regular fading with clear maxima
and minima produced by: (1) the physicel rotation of the
satellite which changes the relative positioning of the
‘'satellite antennas with respect to the receiving antennas
and (2) the rotation of the plane of polarizetion (termed
Paraday rotation) of the emitted signel ss i% is jropa-
goted through the ionosphere. Faraday rotation is dis-
cussed in the section to follow.

The second kind of fading is a fast irregulsr fading
which varies in both amplitude and period depending upon
the irregularities in the ionosphere through which the
siznal is propagated. This type of fading is referred to
as scintillation of signsl and will be further discussed
under the topic of Cointillation Indices.

Paraday hotation

The ionosphere, because it is a m-gnetic~ionic medium,
is doubly refructive. Thus an initvlalliy linearily polarized
radio wave emitted from a satellite smnd propasgated through
the ionosphere is equivalent to two components (ﬁhe ordi-
nary and extraordinary waves). They are, in seneral, ellip-
tically polarized with opposite senses of rotstion, and
trevel with different velocities. In exsmining the be~
havior of the two camponentsg one genersally considers two
casest (1) the longitudinel case in which the direction
of proragation is parasllel to the earth's magnetic field

and (2) the transverse cuse in which the direction of
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projegation is perpendicular to the field., Toe Faraday
effect for the c¢ases of quasi~lonzlitudinel end guasie
transverse rojagation are treuted by Daniels nnd Bmuer.gg

In the longitudinsl csse, if the wave
frequency iv sufricliently greater thazn the
collision frequency of the lomosrheric elec—
trons, the major sxes ¢f the twu elilisez are
mutuslly perpendicular. 4lso, if the wuve .
frequency is much grester than the gyromage-
netic and plasma frequencies, the ellipses be-
cowe clrcles, sud the resultsnt of the two
circularly polarized waves is line.rly polar-
ized., However, becsuse the two components
have different phsase velocities, the plaune
of polarization of the resultant gradually
rotates 28 the wave progresses through the
ionosphere., This phenomenon is known as the
ionospheric Paraday eflect.

In the transverse case the two ellip~
tical components degenerste iunto linearly
polarized waves, one componsnt always reasasin-
ing parallel to the wmegnetic field and the
other one perjendicular thereto. However,
because the components travel with different
velocities, the resultant grsduslly chalges
along te path from a linearly polsrized wave
$0 an elliptically poiarized one, sund finel-
ly to one which is circulsrly polarized.

Then the seguence is reversed and the wave
changes back.to a linearly polarized one.
Now, however, the plane of polariszation of
the resultsut is rerpendicular to the orig-
inal direction. Rech time thut the resultant
paases through the cycle described, there is
a 90°- rotation of the lineaily y@larizad
resultant.<9

Qontinuous rotation of the plane of pwimrﬁmaﬁ&an»aecaxﬁ
when the ordinery and extrsordinary waves are doppler
shifted. In neurly ali csses the quasi~longitucinal

cuse applies., The reguirement for this condition is:
L 2
LU sin © ten O (( Lz
e )
where
W = aagular frequency of transwitted wave
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LJ” = angular gyromagnetic frequency

Wy = angular plasma frequency

(S = angle between the direction of propagation and

the field.
The angle of rotation (due to the Faraday effect) under
this condition is:
3 R
(}5 = c BNV cos O a{r

ATmrc [ 2

where
e = electronic charge (esu)
m = electronic msess (gm)
f = frequency of transmitted signsl
B = earth's .agnetic field (zauss)
N = electron density (cm™>)
R = length of path through ionosphere

The top two samples of sateliite records in Figure © show
the offects of Faraday rcotaticn on & signal received by
folded dipole antennsas,

It the case of Transit IV A the period of the rotation
of the satellite is about 600 seconcs; thus it is not con-
sidered =zn important factor in the anzlysis of the satel-
lite record.

€cintillation Indices

The severity of the scintillation depth observed in
an interval of s satellite record is denoted by visually
assigning a "scintillstion index®™ to that interval., One

of 8 set of scintillation indices ranging from 0.0 to 2.0
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in half-integral steps uenotes the severity rauging from
no scintillation to viecleéent scintillation. The lntervals
of ten seconds are marked off on esch sutellite record us-
ing the WWV tiue signsl as the reference. The various
indices used sre nmodifications of the indices us<d by Yeh
and Sweﬂscns end are discussed below. Two aamylasgs of
each index, shown in Pigure 6; were simultaneously record-
ed on adjacent chanuels of the signal received on two mu=-
tuually perpendicular entennas. The samples are taken from
records of the 54 Kq/@ transmissions from Transit IV A.

This index is assigned to an interval when no scintil-
lation is evident. The uppermost pair of recards in Figure
6 exhibits only the smooth sinuscidal faaing due to the
Faraday effect. The very slow fading produced by the
physical rotution of the satellite is not evident in thie
short section of record.

In many cases regular sinusoidal f.ding is clearly
evident but irregular fluctuations amounting o less than
50 percent of the maximum signal strength are imposed on
it., This type of famulng is assi.ned an index of 0.5. The
seconc pair of sawmples show this index, and it is noted
that the correlation of individual irregularities between
the two records is good.

1.0 Index
This index, samples of which are shown in the third

pair, is similar to that of the previous one except that
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in this cace the scintiliations are more viovlent; their
amplituues are gzreater than 50 per cent of the maximunm
signal strengbth. The sinuscidal fading is evident and again
there is good correlation between channels.

The fourth set of records exhibit seintiliation which
is penerally characteristic of irregularities "seen" near
the horizon when the satellite is at low elevation angles.
The signal is weak and irregular but bursts of regular fad-
ing are not uncommon. No Paraday rotation is evident. ' The
sauples were not recorded simultsneously in this case.

2.0 Index

This index is reserved for those cases when the signal
is strong snd the scintillation is so wviolent that the
Parasday period is completely "washed out." This is assumed
to bg charseteristic of a highiy disturbed ionosphere. The
scintillation is invariably of large amplitude and usually
occurs at a rapid rate. The last pair of records show
sapples of the index 2,0.

This method of assigning indices is thought to present
& fairly good picture of the ionospheric structure respon-
sible for disturbances to radio waves from extraterrestrial
sources. dSince the indices were assigned visusily, the
interpretations of each experimenter play an important part
in the analysis. Osre has been taken to minimize discrep-
ancies arising from such a procedure., In most iustances
the zuthor assigned indices to the records. 1In a few cases

indices were sssigned by an assistant, but in each instance
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the records were checked by the author.
Batellite Orbits

After the satellite record has been assigned scintile
lation indices, the next step is to determine position
parameters of the satellite (with respect to the receive
ing station) for each minute of observation. The time in-
terval (one minute) was arbitrarily choosen snd proved to
be adequate snd convenient. Before proceeding into this,

a short discussion of the nature of satellite orbits is in
order.

To a first approximstion the orbit of s small satellite
in the earth's gravitational field is found to have the
Keplerian form of an ellipse with one focus at the center
of the &arth; and whose plane and major axis sre fixed in
space. The square of the orbital period of the satellite
varies s the cube of the major axis of the orbit. In order
to keep the drag force sufficiently small, the minimum al-
titude of the satellite above the earth must be about 100
miles., This gives rise to a minimum praetical period of
about 90 minutes.

If the latitude of the observer on the earth is less
than the incliination of the orbital axis to the polar axis,
the observer will pass through the plane of the sstellite
orbit twice each sidereal day due to the esrth's rotation.
The geometry of the satellite~observer relationship is
shown in Figure 7, OP is the polar axis, 08 is the orbit
axis at inclinatiané%ﬂis the latitude of the observer.

The plane of the orbit precesses sbout the polar axis at
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a rate of about 3-~4 degrees per day so thut it crosses the
observer's longitude about 12-15 minutes earlier each day.30
If the inclination of the plane of the orbit is greater than
the latitude of the observer, there are on the average four
transits per day which are well within the tracking range
(1000 miles) of the receiving station,

The sub-satellite locus shown in Pigure 7 is defined
by the curve formed by the. intersection of the plane of the
orbit znd the earth's surface. The points at which the sub-
satellite locus (sub-erbital plot) crosses the earth's egqua=-
tor are cslled nodes. The ascending nodes are those for
which the satellite crosses the equator traveling in & north-
erly direction. The nodal period of the satellite is then
the time required by the satellite to pass over two sucessive
ascending nodes, The nodal periocd for a typical satellite
is between 90-100 minutes.

Map Overlay Method’t

In connection with the satellite position parameters,
use is made of a large Miller c¢ylindrical projection of the
earth., On this have been drawn “aquisition circles"; each
circle being the locus of points equidistant from ¥illismge
burg on the surface of the earth. The concenirio airalas;.
drawn at intervals of 150 miles, extend outward to a dis-
tance of 2100 miles. On an acetate overlsy of the same size
as the Miller projection 8 sub-orbitul plot is drawn. The
method involves plotting a longitude versus latitude curve
from data provided in the prediction bulletins for the sat-
ellite of interest. In practice only the northern hemisphere
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portion of the sub~orbital plot is drawn as the satellite
is not observed below the equator. Minute intervals be-
ginning with t = 0 at the sscending node are marked on the
acetate plot from a time versus latitude graph again ob-
tainable from the prediction bulletins., Thus a particular
time (measured in minutes after eguator crossing) on the
sub-orbitsl plot represents the instant when the satellite
will be directly above that point. In the case of Tr:unsit
IV A, whose orbit is relatively stabla; one overlay can be
used for a month before the trajectory changes appreciably.
The azimuth asngle snd distance corresponding to each minute
on the sub-orbital plot can be foumd by inspection usipg
the map overlay method. The latitude, elevation angle;
slant range, and height of the satellite, minute by minute,
can be found by the reduction of the orbital data to graphical
form.

The procedure described in the preceding pages permits
one t0 examine the average scintillation index for a number
of satellite transite as a function of vsrious position
parameters. This enables one to investigate the distribu~
tion, relative intensities, diurnal and seasonal variations
of the ionospheric irregularities responsible for distur-

bances to radio transmissions.
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EXPERIMENTAL RESULTS

Pive hundred and nine (509) transits of earth satellite
1961 Omicron 1 (Tramsit IV A) were recorded at Williasmsburg,
Virginia from September, 1961 to February, 19635. In addi-
tion the following number of transits of the Russian satel-
lites were recorded from March to August, 1962: 1962
Theta 1 - 22, 1962 Iota 1 - 7, 1962 Upsilon 1 = 120. A
socintillation index was asssigned (by visual inspection) to
every ten gecond interval; for every minute the position
paramatars; height, aszimuth, elevetion, slant range, and
latitude were calculated. By interpolatien; one could de-
termine the position of a sstellite for shorter intervals.
Diurnal; seasonal, latitude, and height effects on the depth
of satellite scintillation are examined in the geationa to
follow.,

Diurnal Veriation

The diurnal variation of satellite scintillation has
been examined from January, 1962 through the middle of
Pebruary, 1963, The scintillation observed on the 54 Mc/s
transnigssions of Trangit IV A has been aversged over one
hour intervals throughout the twenty~-four hour day. A
histogram of such an average, which is also averaged over
all elevations, azimuths, and months of the year, is shown
in Figure 8. The maximum scintillation occurs between 1900
hours and 0400 hours local time with the peak being between
0100 - 0200 hours, indicating that satellite scintillation
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astivity (like radic stzr scintillation activity) is pre~
dominantly 2 night-tine phenomenon. The occurrence of the
maximum scintillation depth shortly after widnight is in
good agrecement with the results of most workers.9’la In
adaition s secondary maximum is evident at wmiddey which is
in agreement with results (from radioc star scinﬁillation)
obtained in Canada and Australia but not in England or the
United States. Yeh and Swemson,g observing the 20 ﬁg/%
signals from 1958 Delta 2; noticed a wernk midday ma#imun
during certain seasons. A minimum scintilletion depth is
evident between 1400-1700 hours.

Alexanders? observed a sharp increase in scintillation
depth at elevation angles below 20°. This prompted a diu}
urnal study of satellite scintillation for elevation angles
above 26“ and a diurnal study for elevstion angles below
‘200. Histograms of the results of these studies are shown
in Figures 9 apd 10. In both cages the maximum is obvious
snortly after midnight; hawever; there is little evidence
of a2 midday meximum for elevation angles grester than 20°
in contrast to the aistinct middey maximum for angles less
than 20°%.

Seasonal Variation

The diurnal variation of satellite scintillation,
averaged over a year's data, has been discussed. In order
to do a sessonal study of the same data, three month inter-
vals centered on the solstices and equinoctial painﬁa were
chosen an& the data were re-~compiled. The data were aver-

aged over two hour intervsls to provide betier statistiocs.
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FPigures 11 A and 11 B show the results. The data indicate
that the scintiliation depth is weakest during the period
centered about the vernal equinox (February 1 - April 31)
and strongest during the period centered about the autumnal
equinox (August 1 - October 31). Both the winter and sum-
mer solstices show essentially the same characteristics.,
Tpe midday seximum is most clearly evident during the three
month periods centered on the solstices. The midnight max-
imun veries from 2200 to 0200, but shows no regular pro-
gression from one sesson to the next.,

Yeh and Swenson9 have performed a seasonal study simi-
lar to that described above; however, they presented their
data in a different wmasnner. They plotted percentage of
scintillation index rather than sverage index versus tinme
of the day. Iitile correlation is noticed other than a
maximum centered about local midnipght, between the two sets
of data.

The data indicate that scintillation activity is
conpnected with the solar cycle; however, the ;recise mech~

anism is not understood.
Latitude £tudy

In order to determine the variation of eatellite scin-
tillation activity with geoprsphicel latitude of the satel~
lite, histograms have been computed of the average scintile
lation index versus latitude for each hour of the day. In
addition computations were made only for elevation angles
greater than 20° in order to exclude an elevation effect.

These histograms represent observations masde continuously
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over 12 months of recorde of Transit IV A and sre given in
Pigure 12 A through Figure 12 H. -

The scale of the abscissa represents the latitude of
the satellite; however, it may be umore wmeaningful to know
the latitude of the region in the ionosphere through which
the signal is propagated. The scale at the upper left in
Figure 12 A correlates the latitude of the satellite to the
latitude of a portion of the ionosphere at a height of 300
km. For example, when the satellilite is ot the latitude of
20° N, the portion of the ionosphere (at 300 km) through
which the signal is propagated is 26.6° N.

The datae indicate that during the periods of the day
when the scintillation activity is relatively weak, there
appears to be no sigpnificant latitude variation. On the
other hand during periocds of relatively high activity, a
latitude variation is clearly evident, Further, the lati-
tude variation incresses markedly as one approzches eitherxr
the wmidnight or midday maximum. During periods of signifi-
cant activity the lutitude curves show & minimum of activity
at the latitude of the observing station (37°N) with sig-
nificant incresse in activity when the satellite moves to
more northern or southern latitudes., The scintillation
activity ie much higher af{ northern latitudes than in south-
ern lstitudes.

As the satellite moves southward the angle between
the direction of propagation and the field lines decreases
until at latvitudes Jjust south of the observing station the

angle is zero., As the satellite continues southward the
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angle increascs butl never becomes as large as when the satel-
lite wes far porth of the observing station. The nighte-

time lstitude data closely follow this angular dependence
suguesting that rerhups maximum scintillation occurs when
the‘signal is propagsted perpendicular to the field lines

as sug:ested by Hawdalqy.lo

Brigss and Farkinl“ suggest that the maximum scintile
lation mctivity should oeccur when the direction of propa=-
gation is directed "end on" through the blob. The magnetic
dip angle st Williamsburg is nearly 70° 8o that at satellite
latitudes near the receiving station (35o - &QO), cne would
expect to observe maximum sctivity if the theory of Briggs
and Parkin is correct. The data, however, show a distinct
minimum is present for the latitude of the observing station
when there is substantiasl scintillation asctivity.

If the irregulsrities have an apprecieble vertical dise
tribution, then the scintillation activity will depend on
the path length through the ionosrhere. (ne would then
expect the latitude of variastion to be escentially symmet-
rical about the latitude of the observing station (where
the activity should be minimsl). If one further considers
(1) that the magnetic field lines converge as the latitude
increases (o the magnetic pole (the electron density grade-
ient may be counsiderably increased due to the higher density
of irregularities) and (2) the effect of auroral activity
on the presence of irregularities (maximuw aurorsl sctivisy
ocours at about SSON), then one would expect t0 observe

greater scintillation activity %o the north than to the south.
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It is likely thet various effects contribute to the
results presented in the latitude study. The only con-
clusion th:t can be made is that the effect proposed by
Brigge and Parkin is not evident.
Variztion of Scintillation Depth with Height of Setellite

¥rom March to August, 1962, the 20 %a/% transnpissions
of three Russiazn satellites were recorded for 149 transits.
Fuch of these satellites because of the high eccentricity
of the orbit, provided an excellent opportunity for an
averasge scintillation index versus height study. The 2l1ti~
tudes accessible to this study ranged frow 200 to 1550 km.
The results, shown in Figure 13, are rather surprising.
Notice particularly the steady decreace in depth of the
scintillation sbove 550 km.

Appurently there are irregularities in the lonosphere
responsible for sutelllte scintillstion ss low as 200 km.
There is disapgrecnent between workers us to the height of
the lower boundary. &lee,? observing the 108 ﬁ%/é trans-
wissiong of 195¢ Alphea, noticed that at the peri.ee of the
satelilte of 350 km there was no marked decrease in scintile
lation. He concluded that the irregularities must, there-
fore, lie below 350 km., On the other hand b@B&rber,§2 usg-
ing phase scintvillation techniques, suggested a height
range of 300 - 600 km.

The 149 transits were predominately dayivime pssses and
thue it is not likely that there is # ciurnul efiect ime
posed on the data., The data were reaverszed for oanly the

daytime transits; the maximum scintillation and the decresse
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in activity above 550 km were each slightly more pronounceds.
Since the majority of the data were obtained using 1962 Theta
1 (observed for the months of June, July, and August, 1962),
one would not expect a seasonal efiect to be apparent. Any
zenith angle, azimuth sngle, or latitude dependence should
be at a2 minimum. This is due to the sufficiently rapid rate
of the precession of the perihelion which would enable any
such effects to be averaged out over & sufficient amount

of data.

Perhaps one way to explaln the results as shown in
Pigure 13 would be to exawine the effects that the iono-
spheric irregularities impose on an intially spherical
wave transmitted from a satellite as a function of the sa-
tellite's height. Y&hl5 has theoretically treated the case
of the propagation of spherical waves through a medium
containing anisotropic rendom irregularities and hss applied
this to the propagstion of radio transmissions from satel-
lites through the ionosphers. His work suggests that the
amplitude scintillation index varies monotonically as a
function of the height. Thus Yeh's uzodel does not explain
the data.

In another asttempt to explain the daia, the following

14 assume that ampli-

scheme was employed. Briggs and Parkin
tude fluctuations develop by a diffraction process as the
wave propagates in the free space below the lonosphere.
They have used the results of mercier55 to determine a

scintillation depth for satellite scintillation as a function
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of height:

7ir? [ 2 +2 2
S:ﬁ_¢o [+ 121/2/25\—)

Where ¢Ziﬂ the root mean square phase¢ devisuion, r, is the

distance st which the correlation function of electron density

falls to 1/% messured along the minor axis of the blob assum=
falls to %/% messured along the minor axis of the blob assum=

ing an ellipsoidal counfiguration, :K is the wavelength of
vne saveillte signal, Z] ana zZp &re LNE€ G1BTANCES IrOmM the

observer t¢ the layer of irregularities and from the layer
to the satellite, respectively (see Figure 14). If either
2y or zp is zero, i.e. the irregularities are very close

to the satellite or observer, then only phase scintillation
is produced. According to Brigss and Parkin, one should
expect maximum scintillation when 23 = zp, since under this
condition the irregularities are most effective for produc-
ing amplitude scintillation.

To make use of the theory of Briggs and Parkin in an
attempt to explain the maximum between 500-550 km; a method
was devised to display the data (Figure 13) in terms of the
slant range. In or@er‘to do this an arbitrary zeunith angle
of 70° was selecte&; see Figure 14, with O = 700; a plot
wage made of a normalized scintilletion index versus slant
renge snd the results are shown in Figure 15. The scintilla-
tion index was normalized in & manner presumably similar
to thet of Singleton, Ignch; and Thomas.?* fThe scintilla-
tion index for the %/§~min. interval containing the time

when the satellite was at & zenith angle of 70° was divided
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by the averasge scintillation index for the entire transit.
Phis should rewove the diurnal snd seasonal variations of
scintillation activity.

While the statistics leave something %0 be desired,
no conclusive evidence of a scintillation uaximum at a
particular slant range hes been found. This method has
been epplied to several zenith angles; however, none of
the plots appeared to suggest a slant range for which the
average scintiliation was clearly a maximum.

Neither Yeh's nor Briggs and Psrkin's theory explains
the results of the height study shown in Figure 13. At
the time of this writing no theoreticsal explanation of the

date exists.
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CONCLUSIORS

The results of the various studies of sateliite scin-
tillation suggest certain properties which appear to be
characteristic of the ionospheric irregularities responsi=-
ble for scintillation., The diurnal vuriation study suggests
thut sstellite scintillation asctivity (like radio stur scin-
tillation activity) is predominately a night~time phenomeuon,
which is in agreement with the results of practically all
workers. In addition a secondsry maximum at midday is in
agreement with the resultvs of workers in Australia and Canadsa,
but in disagrecment with the results of workers in England
and the United States.

The seasonal variation study lodicates that the scintile
lation depth is weakest auring the period centered about the
vernsl eguinox and strongest during the period centered a-
bout the autumnal equinox. All periods show & waximum in
scintillation activity centered about local midnight; the
periods centered about the solstices show a distinct secon-
dary maximum centered about midday. The midnight maximum
varies from 2200 to 0200, but shows no regular progression
from season to season.

In order to perform a lstitude variation study that
would be substantially free of elevation effects, the data
used in the jprevious studies were averaged for elevation
angles greater than 20°, 1In addition the study was divided

into one hour intervals to investigate the diurnzl effects
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of the latitude variation with emphssis on the varistions
at the more northern latitudes. During those tiies of day
when the scintillation sctivity was minimal no appreciable
latitude variation was noticed; however, uduring times of
increased scintilletion activity there is clearly evident
2 letitude variation, During these times a minimum is no-
ticed at the latitude of the observing station (3?°ﬁ) and
a higher scintiliation setivity to the north than to the
south, These results support the theory suggested by
Mawdsley; however, the convergence of the magnetic field
lines and suroral sctivity may also influence satellite
scintillation in a similar manner,

A significent increase in scintiliation depth is
noticed for latitudes greater than 45°, 7This corresponds
to a latitude of 43.6° for a height of 300 km above the
earth.

The study of variation of seintillation depth with
height of a satellite shows rather surprising results.
There are apparently irregularities responsible for satel-
lite scintillation in the lonosphere at heights down to at
least 200 km. The scintillation depth increases rapidly
for heights up to 500 km then decreases steadily out to
1550 km. The theories of Yeh and Briggs snd Parkin were
investigsted in order to explain the data; however, neither
theory supported the results of the study. As of this writ-
ing no theoretical treatment has been found to explain the

data.
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In all probability satellite scintillation is caused
by & composition of wvarious ionospheric phenomena and to
completely isolate one aspect of the problem is probably
not possible. One study that might reveal a better under-
standing of the ionospheric bebavoir is that of the sun-
rise-sunset effect on satellite scintillation. Perhsps
ionigzation in the D or E region during these periocds may
significantly contribute to the observed aeintil;atian.

In srder to do a study of sunrise-sunset eftacts; the

time of sunrise end sunset bas to be known for all 1atitudes;
for all héights of the 1onosphera; and for all days of the
year. The complilation of these parameters has been be~-
gun.

In addition a phase scintillastion study and a Fara-

day rotation study are under way in order to attempt to
answer problems concerning the height of the irregular-
ities and the distribution of the integrated electron
density.
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