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1. INTRODUCTION

One of the major effects of the ionospheric heater is the production of
artificial spread F (ASF). This phenomenon has been extensively studied by
the transmission experiment.

1.1 Advantages of the transmission experiment

The transmission experiment is designed to study ASF by examining ampli-
tude fluctuations from orbiting and gecostationary satellite signals received
at VHF and UHF by receivers spaced at fixed locations on the ground. The
transmission experiment has the following advantages for the study of iono-
spheric irregularities:

1. The location of the transmitting satellite is accurately known, and
the frequencies are sufficiently high for ionospheric refraction to
be neglected; so the position of the line of sigit (LOS).is accurately
predetermined.

2. The ground receiving site can be located so that the LOS passes
through any desired part of the disturbed volume.

3, Orbital satellites have a LOS that traverses the disturbed region
so rapidly that internal motions of the plasma are negligible as a
factor in producing amplitude scintillations.

4. For irregularities with correlation distances of 200 m or less, the
fluctuations in phase, produced by passégc of VHF waves through ASF, arc
fully developed into amplitude scintillations by the time they reach
the ground, so that the phase scintillation fluctuation can be de-

duced from the depth of amplitude fluctuation.

[ 221

The propagation of VHF and UHF waves through the disturbed region

is of inherent interest for some propagation applications of ASF;

sl

for instance, degradation of radar tracking of orbiting or ballistic

missiles.,
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1.2 Objectives of the transmission experiment

In planning the implementation of the transmission experiment, the

following objectives were cousidered as needing to be determined by measure-

nents of ASF irregularities:

1.

Irregularity orientation--whether the ASF structure is aligned with

the carth's magnetic field.

Irregularity size and shape--dimensions of the corrclation cllipsoids

associated with the various structure sizes present in the irregu-
larities.

Altitude distribution--relative intensity of the electron-density

fluctuations as a function of altitude in the disturbed region of
the ionosphere.

Horizontal extent--large-scale horizontal variation of fluctuation

intensity in the north-south and east-west directions.

Onset and decay--variaticns of the irregular structurc with time

when the heating transmitter is switched on or off.

Drift velocity--large-scale velocity of the irrcgularities due to

gross motion of the ionospheric plasma.

Frequency variation--intensity and time scale of amplitude fluctu-

ations of signal transmitted through the hcated region as a function
of wave frequency.

Multipath effects--occurrence of multipath scintillations or off-L0S

scatter.

Yield studies--effects of transmitter parameters such as heater re-

flection height, power and modulation on the intensity of the

clectron-density fluctuations.

. Radar simulation--simulation of scintillation effects anticipated

during radar track of objects located behind the disturbed region.




b

1.3 Data processing

e

In processing the data from both the orbital and the geostationary satellites,

ol as )

el

it was necessary to take into account’ the modulation characteristics of the

satellite signals. As part of a study to determine the effect of the satellite

AT

E ] modulation on the data analysis, the spectra of both the orbital and geo-
stationary signals were computed. The data available was the heterodyne tone
gencrated by the receiver BFO and recorded on four-track analog magnetic tape.

i The recorded tone was directly digitized at a 12-kHz rate, and the resultant

£ time series was transformed to the frequency domain by a fast Fourier transform.

s Although the modulation of the satellites was a type of phase pulse modulation,

the bandwidth of the receiving system produced an amplitude modulation charac-

E teristic which can be scen in the resultant power spectral density plots in

Figures 1.1 and 1.2. As can bc seen, the geostationary signal (shifted by the

heterodyning process to about 900 liz) has sidebands about 200 Hz on either

side. The orbital satellite has sidebands about 2.5 kHz on either side.

These modulation characteristics caused no trouble in the processing of the

geostationary satellite signal since the fastest scintillation time was on the

order of a few seconds. The orbital satellite data, on the other hand, con-
tain events in the millisecond range. This can cause considerable proble:ws

if the phase modulation on the satellite signal causes amplitude variations of

the recorded (or detected) hcterdyne tone.

Once the signal amplitude was properly detected, the processing of the

data in terms of ASF scintillations could begin. Figure 1.3 shows the configur-

ation available for a geostationary satellite. ASF irregularities form "'shadows"

on the ground plane that can be studied by suitably placed receiving antennas

A, B, and C. Since all such satellites are located in the equatorial plane,

their lines of sight are all somewhat to the south, so the three-station net-

work must be offset from the center of the disturbed region in order to allow
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observation of scintillations. Here, the line of sight is virtually stationary,
so the observations obtained are complementary to the orbiting-satellite obser-
_vations in that time variabilities in the medium are dominant.

The general character of the scintillation observations when the heater
transmitter is on is illustrated in Figure 1.4. The autccorrelation function is
nearly Gaussian in shape, the fading having an average period of about 10-15 sec.
The unheated quiet ionosphere has a scintillation index S (see Section 4.2) of
about 0.01, while values of 5 up to 0.25 have been observed for the heated iono-
sphere, depending on the heater power and frequency. It is evident that the
fading pattern is nearly identical at the three receivers, but simply displaced
in time by the amount shown. From this it is concluded that internal velccities
in the ionospheric irregularities are negligible, and that the fading is due
primarily to the drifting of elongated irregularities over the antenna triangle.
These data were analyzed by correlation techniques to give the size of the

structure observed at the ground, and the direction and magnitude of the veloc-

ity of the irregularities.
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2. REMOTE EXPERIMENT

2.1 Introduction

An ionospheric heater produces field-aligned ionization irregularities
in the region of the ionosphere directly above it. It has been suggested
(Bowhill, et al., 1971 pp 19-21) that these irregularities might propagate
along the lines of the carth's magnetic field and appear as mirror image ir-
regularities in the magnetically conjugate ionosphere; namely, at a region
located over the same magnetic field line as the ionosphere over the heater
transmitter, but in the southern hemisphere rather than the northern. The
search for such an effect is known as the '"remote experinent", and the con-
jugate point location is code named BOWATER. It will be so referred to in
the remainder of this report,

The inaccessibility of BOWATER in the southern Pacific Ocean causes
considerable difficulty in planning a diagnostic experiment; the F region over
BOWATER is over the horizon from all land masses. It is in fact very close to

the furthest point from land in the entire globe. Direct radar probing is
therefore out of the question.

2.2 Aircraft experiment

The next possibility explored was an aircraft-horne diagnostic. An
experiment carried out on March 29 and 31, 1971 (Bowhill, 1971 pp 29-32; Bow-
hill, et al., 1973) over the heater transmitter cstablished that a properly
instrumented airborne ionosonde could adequately probe for ASF. lHowever, the
aircraft used (provided by RADC) was heavily committed for an auroral-measurc-
ment program, and therefore was unavailable. The possibility was then ex-
plored (Bowhill, et al, 1973, pp 53-57) of using an aircraft provided by LASL,
carrying a chirp ionosonde. 1t was ultimately decided that the multiple en-

route refueling and the marginal performance of the chirp ionosonde made this

approach impractical.




2.3 Satcllite cxperiment

It was next decided to explore the usce of a satcllite-borne topside
sounder for the detection of ASF, since such a sounder routinely crosses
the latitude of BOWATER twice in ecach orbit. With the cooperation of Dr.
lHartz of the Communications Research Centre, Ottawa, a successful experiment
was made over Platteville on April 10, 1972 (Bowhill, ct al. 1973, pp 35-39).
A satellite experiment over BOWATER was therefore planned.

The first difficulty cncountered was the remoteness of BOWATER from the
nearvest satcllite readout station at Christchurch (the path PF on Figure 2.1).
To be able to command the satellitc transmitter on, it was necessary for the
satellite to be at least 3000 km altitude above BOWATER in order to have an
adequate clevation angle at Christchurch. Only two of the four orbiting top-
side sounder satellites (Alouctte II and ISIS I) have sufficicntly elliptical
orbits to permit this type of measurcment, and as it turns out, only ISIS I
gives adequate signal strength.

This experiment has the advantage that its passage over BOWATER is pre-
dictable months in advance, permitting careful advanced planning. However,
the following disadvantages of the experiment have become apparent:

1. The relative infrequency of suitable high-altitude passes makes

it difficult to schedule the heater transmitter opecration at cxactly
the right time, given the many other constraints on transmitter
scheduling.

2. The high altitude of the satellite means that the ionospherically-

reflected signal is about 15 dB down rclative to that prevailing
for its normal low-altitude operation. In addition, the ISIS I

satcllite antenna is tumbling, the net effcct being a lack of

returned signal for at least 50 percent of the time.
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3. The difficulty of operating the satellite under high-altitude
conditions means a lack of an adequate data base to describe the
properties of the ambient or undisturbed ionusphere.

4, It is found that high-altitude topside soundings at this latitude
are strongly perturbed by ionosphoric returns thousands of kilo-
meters away from the subsatellite point.

Nevertheless, some interesting cxperimental results were obtained and

are described in the next section.

2.4 Experimental results

Parameters of five passes of the topside satellite ISIS I over BOWATER
were (taken as nominally 54.40S, 131.90W) are given in Table 2.1. The al-
titudes of passage varied from 3252 to 3538 km, and the maximum clevation
angles observed from a point at ground level varied from 87.1 to 89.8 deg.

For a satellite altitude of 3200 km, a maximum elevation angle of 89 deg cor-
responds to a satellite passage about 56 km to the east or west of the conjugate
point, indicating the difficulty of obtaining an exactly overhcad pass. However,
it seems reasonable to expect that the disturbed region at the conjugate point
would extend over a region greater in diameter than the approximate 100-km
diameter of the heated region in the northern hemisphere, so some effect might
be expected to be secen even for maximum clevation angles as low as 87 deg.

Results of these various passes will now be described. The ionograms were
furnished by Dr. T. R. Hartz of CRC, Ottawa, and his cooperation has proved
invaluable in these investigations

2.4.1 Event A results

Figure 2.2 shows the position of tne satellite to scale at 11 times during
its passage over BOWATER on February 22, 1973; the field line through BOWATER

is also indicated. Figure 2.3(a) through 2.3(K) show cxamples of the topside

12




Table 2.1

Events over sclected carth points

Ly B XS

Closest Maximum Heater
3 Event Approach Elevation Altitude Power
g I Code Date(1973) Time (UT) Anglc (km) (Mw)

A Feb 27 19:92:15 89.1 3252 1.6

i B Sept 3 05:22:54 89.8 3443 0
C Scpt 14 04:31:40 88.5 3538 .88-1.48
D Sept 25 03:40:33 87.1 3336 0

E Sept 30 03:28:47 88.5 3162 1.17
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ionograms obtained when the sounder was at these 11 points. For clarity only
the positions from 2000 to 4000 virtual depth and from 1.25 to 6 Miz frequency,
are shown.

Particularly interesting is the ionogram corresponding to point 7, taken
at 10:05:22 UT. This is reproduced in trace form on Figure 2.4. Three types
of trace are visible:

1. Vertical-incidence reflections from the undisturbed topside

ionosphere (labeled "A") on the ionograms;

2. Ducted echoes from field-aligned sheets of ionization (labeled "B"
on the ionograms) having somewhat greater range than the "A" echoes
but having a critical frequency (fB) substantially less than the
critical frequency (fA) of the "A" echoes due to the obliquity of
the incidence;

3. An even longer-range trace ("C'" on the ionograms) which arises from
orthogonai backscatter from field-aligned irregularities in the top-
side ionosphere.

It is noticeable that ecchoes of type "A'" and "B' are present throughout the
ionogram sequence, while echoes of type "C'" are visible in appreciable amounts
only at point 7 on Figure 2.2. Scatter of this type is not a usual feature of
topside ionograms in this latitude range. It is therefore concluded that the
field-aligned scatter obscrved at BOWATER on this occasion was probably produced
by ficld-aligned structurc originating from the heater transmitter in the
northern hemisphere.

2.4.2 Lvents B and D results

During the Prairie Smoke V field exercise, it was possible to schedule

four passes (Events B through L) when the heater transmitter was thought to be

-

available. In September 1973, the high passes of IS1S I over BOWATER werce all

...
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in the late evening, postsunset, (1900-2030 BOWATER time) as opposed to Event A

in which the passes were in the late morning (1000 BOWATER time). Only on two
of these events (C and E) was it possible to schedule heater transmitter oper-
ation; for Events B and D, heater transmitter operation was not available, so

these were to act as a "control' indicating ambient conditions in the absence

of heating.

The leading feature of the ionograms taken in this event is the extreme
complexity of the returned echoes, indicated on Figures 2.5(a) through 2.5(c).
Figure 2.5(a) shows an ijonogram from Event D taken close to overhead BOWATER;
the satellite was at a height of 3336 km. In addition to the main echo at
about 3400-km altitude, additional returns are visible at 2 MHz frequency and
virtual depths from 2970 to 3280. The echo at 2970-km virtual depth (370 km
short of ground range) indicates that the F layer was at a very high altitude
at that time. The stronger echoes probably result from field-aligned reflections
corresponding to those indicated at "B" on Figure 2.4.

In Event B, a quite different type of behavior was seen. While only frac-
tions of the traces are available due to antenna pattern problems, the ionogram
shown in Figure 2.5(b), corresponding to nearly overhead BOWATER, shows quite
disturbed traces with up to 200 km range spreading. Figure 2.5(c), taken at
a point corresponding in position to point 7 on Figure 2.2, shows even greater
spreading and many apparently distinguishable traces.

This quite different behavior of the late evening ionosphere observed at
very high altitudes over BOWATLER makes it quite difficult to place LEvents C
and E (for which heating was available) in proper perspective.

2.4.3 Lvent C results

On September 14, 1973, at 04:31:40, the ISIS I satellite passed very nearly
overhead BOWATER (88.5 deg maximum elevation angle) at an altitude of 3538 km,

and the Platteville heater was operating at 2.85 Miz with a power that was

21
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stiees Sy

varying (in the immediate time of passage) from .88 to 1.48 Mw. The F2-layer
critical frequency at Erie (near Platteville) was 3.8 MHz, and strong spread F
was observed.

Figure 2.6 shows a composite ionogram made from three frames of the
sounder at 04:29:31, 04:29:49 and 04:30:07. Since none of the three frames
shows a complctc ionogram, the three have been combined in five frequency
ranges into a single composite ionogram displaying the clearest traces in each.
During this time the satellite was very close to apogee, and its altitude did
not vary by morc than 5 km during the time of these three ionograms. A diffuse
trace is scen with a minimum range of about 3500 km (thereby precluding its being
an echo rcflected from the topside of the ionosphere, ducted along the magnetic
field). In addition, two '"hard" traces are seen at shorter ranges, one at only
3300 km range. These additional traces are not visible when the satellite has
passed to the south of BOWATER, and it scems likely that they were produced
by irregularities in that general vicinity,

2.4.4 Event E rcsults

On September 30, 1973, the satellite ISIS I passed over BOWATER at 03:28:47
UT, with a maximum elevation angle of 88.5 deg and an altitude of 3162 km. At
that time the Platteville heater was radiating at 1.17 Mw power, at a frequency
of 2.855 MHz. The critical frequency of the F2 layer measurced at Erie was 4.2
MHz and a strong spread F was observed.

The gencral behavior of the ionogram when the satellite was overhead
BOWATER is sketched on Figure 2.7(a) though actual ionograms arc not shown
since they were of poor quality. Well-defined vertical and oblique returns
arc visible, the ratio of the ranges corresponding to the inclination of the
magnetic field.

In the necighborhood of the point corresponding to point 7 on Figure 2.2,

the appearance of the ionograms was as sketched on Figure 2.7(b) showing
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marked spread between the O and X traces, but nothing that could be directly
attributed to scattering from the vicinity of BOWATER.
2.5 Discussion
The conclusion drawn from a study of these results is that the daytime
behavior (illustrated by Event A) showed intcresting phenomena that might be
attributed to heating of the conjugate ionosphere. However, the available
satcllites at the end of the Prairie Smoke V exercisce offered only night
passes, where the appearance of the ionograms was cxtremely variable from
night-to-night. Therefore, it is felt that no clear picture as to recality
of the conjugate cffcct emerged from the Prairie Smoke V results. The follow-
ing rccommendations have been made for resolution of this matter:
1. Usc of a groumd-based diagnostic in the location of BOWATER,
capable of continuous measurcments; for cxample, a nuclear-
submarine-mounted geostationary and orbital satellite-scintillation
measuring system, similar to that used successfully at Platteville.
2. Carefully preprogrammed cyclical scquences of heating experiments
covering both day and night conditions at Platteville, accompanied
by radio-silent measurements at BOWATER of the kind indicated above.
3. Analysis of the results to determine the spatial extent and intensity

of the perturbations and the coincidence of occuirence with heating

at Platteville.
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3. CORRELATION ANALYSIS

3.1 Introduction

Much of the data received during the Prairie Smoke transmission experi-
ments may be used to determine the velocity, size and orientation of the
structures which comprise the disturbed region. Time variations were studied
using the geostationary ATS-5 satellite, and spatial variations were studied
using the orbital Navy navigation satellites.

3.2 Geostationary velocity analysis

The geosiationary observation station, essentially the same as used in
Prairie Smoke IV, was used to receive the 136 MHz transmission from ATS-5. The
station was located (in Lusk, Wyo.) so that the LOS to the geostationary satel-
lite passed over the Platteville heater at 275 km. The signal used in this
study was received and mixed with the local receiver BFO for recording on an
audio tape recorder with time from WWV. The beat note was also detected, fil-
tered, digitized, and stored on digital magnetic tape for later analysis. This
is the same technique used in Prairie Smoke Iv,

These digital signal amplitude records were analyzed using auto- and cross
correlation tcchniques. Figure 3.1 shows an example of the correlations for
the east-west antenna pair. It is possible to compute the velocity of the
interference pattern from these correlations using the "straight-line" techni-
que of Briggs, et al.(1950). This technique takes into account both the drift
velocity of the pattern produced by the irregularities as well as random changes
in the shape of the pattcin itself. The following equation is developed in

Briggs, ct al. (1950):

2
12 2 & 2oV
T - T = 5 - 2 )
1 1]
VR L R
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T = cross correlation time shift
T1' = autocorrclation time shift (t and t' taken at equal correlation
magnitudes)

Eo = antenna spacing

<
n

R ""fading" velocity

VD = steady drift velocity
Note this is the cquation of a straight line in T'2 - 12 versus T space.
Figure 3.2 is a plot of these parameters taken from Figure 3.1. As can be
seen, thesc data points form (essentially) a straight line. The slope and
intercept of this straight line can be used to find the two velocities shown
in the equation above. Using this procedure, the stcady drift velocity is
found to be 35.3 m/sec and the ""fading" velocity is 41 m/sec (thesc are west-
ward velocities; the north-south velocities have been found to be essentially
zero). Briggs, et al.(1950) show that an apparent velocity (VR) due to random
variations in the shape of the (drifting) pattern may be calculated from

2 2 2
V,' =V +V i

R p R

Application of this equation gives VR = 20.8 m/s for thclcxamplc.

The majority of the data were not analyzed in this way. The velocity was
deduced from the time shift of the peak of the cross correlation curves. A
comparison of this techniquc with the more complete Briggs, et al.(1950) straight
line may be wade in this example. Taking the time shift of the peak as 4.5 scc,
the velocity is calculated as 41 w/sec. This velocity is the same as the '"fading"”
velocity as calculated carlier, cnly slightly larger than the actual steady drift

velocity (35.3 m/sec). The discrepancy is due to the effect of the random change

of shape of the pattern as it drifts. 1t is necessary to keep this discrepancy
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Figure 3.2 Briggs, Phillips, and Shinn straight line
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in mind when considering the velccity magnitudes in the next section. They are
quite likely inflated slightly by the random variations in the pattern shape.
Information about the characteristics of the heated region can be obtained
from the velocity of these irregularities across the spaced antenna system
(Bowhill and Ward, 1973aj. From this velocity, the apparent structure size in
the heated region can be obtained. For obtaining these quantities, recordings
made on the nights of 17, 18, 19 September 1973 were chosen because these records
are continuous and can be comparcd with previous daytime results.
The velocities for the three nighttime runs are shown in Figures 3.3, 3.4,
and 3.5. The velocity shows a westward cdominance - but it occasionally changes
to east with no apparent dependence on time. There also scems to be a wide
variation in the magnitude of the velocity. The e'1 structure sizes were
calculated from these velocities and sorted to determine the frequency of
occurrence. In Figure 3.6 the daytime results are given and ligure 3.7 shows
the distribution of nighttime results obtained in Prairie Smoke IV. There is
a clear separation in the sizes where larger structures (v350 m) arc seen more
frequently at night and smaller structures (~100 m) in the day. These systematic
differences between night and day could be caused by the LOS passing through a
different part of the region from day to night.

3.3 Geostationary correclation data

As an cxample of the geostationary yield analysis, a computer output is
shown in Figures 3.8 and 3.9. These two figures contain auto- and cross cor-
relation information for three channels of geostationary data over z 30-minute
period. The computer prints "DATAFILE, INTERVAL'" and awaits response by an
operator or punched paper tape. The "X91¢€@" is the name under which the data
are stored and "@2" is the increment of time shift (T) which is used in the
correlation calculation. From this point the output is generated by the computer
as a result of calculations. The 30-minute interval is divided into six S-minute

parts numbered in the figures,
31
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Immediately under the section 'X91@@@ PART 1'" the line indicates the

backside of the corrclation of antennas 1 and 2 was found since the correlation
dropped from 0.986 at T = 0 to 0.976 at Tl= 2. The next line indicates no
further time shifts were calculated since the correlation of antenna 2 to 1
dropped from 0.986 at T = 0 to 0.960 at T = 2. Therefore the peak of the

cross correlation curve between these two antennas is at T = 0. The next line
indicates that the correclation of channecls 2 and 3 was calculated by time shift
increments of two, and the corrclations starting at T = 0 are given on the
following line, e.g., 0.814 at T = 0 and 0.802 at T = 14. The next pair of

lines are for channels 1 and 3. Note that the correlations for channels 2 and

3, as well as 1 and 3 rise to a peak at some time shift and then fall., The last
six lines under "X91€Q@ PART 1" are the auto correlations of the three channels.
The first line of the auto-correlation scction indicates that channel 1 was
correlated with channel 1 (auto corrclated) by time shift increments of two.

The meun, standard deviation, and scintillation of channel 1 are given for

checking the quality of the data. The scintillation printed here has a dif-
ferent definition than onc used elsewhere and cannot be directly compared.
Similarly, results arc given for chamnels 2 and 3,

The program used for this processing is normally sect to calculate correlations

for a number of data files. More details about the data files can be found in

the appendix  of this report. Normally, an entire day (8 hours) of data
takes about 5 hours to process.

3.4 Orhital observations

iz =i

As the LOS between the recciving station and the orbiting satellite sweeps

through the disturbed region, the orientation and size of the disturbances may

g

be deduced. 1In the model we have been using, the disturbances are field aligned
and quite long with respect to the axial dinensions. These ficld-aligned ir-

regularitics throw long thin "shadows" which have a certain orientation and
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velocity. Knowing the parameters of both the satellite orbit and the
magnetic field lines in the heated region, this orientation and velocity
may be calculated. The results may be compared with the measured value of
irregularity orientation and speed.

An orbital pass was recorded on 20 September 1973 from Hillsdale,
Wyoming in which this calculation may be perforned. During this satellite pass,
the signal was received on three antennas in a right triangular configuration
as described earlier in this report. There was an east-west pair of antennas
and a north-south pair. Figure 3.10 shows the auto correlation of the amplitude
of the satellite at one of the antennas at 05:55:30 GMI' for that pass. The
cross correlation of the amplitudes received at the north and south antennas
is also shown. The cross correlation of the signals from the east and west
antennas was also computed, but is not shown here. These cross correlations
can be used to calculate N-S and E-W time shifts, and the results used to
determine the orientation and velocity of the pattern on the ground (Bowhill,
et al., 1972). The results are tabulated below.

Hillsdale, Wyo. 20 September 1973 05:55:30 GMT

Time shifts 22 ms north to south
16 ms west to east

Antenna spacing N-§ - 66.38 m
E-W - 63.74 m

Apparent velocities  3.74 km/s eastward
3.02 km/s southward

Total velocity 2.07 km/s
at 141° bearing (i.e., east of north)

These results may be compared with the calculated speed and direction based
on the magnetic field alignment model. At 05:55:30 GMT, the satellite had a
range of 1100 km, a bearing of 158°, and an elevation angle of 76°. It was
moving northward with a velocity of 7.25 km/sec. Using calculations similar

to those shown by Bowhill and Ward (1973), it may be shown that the magnetic
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Figure 3.10 Orbital correlation for Hillsdale, Wyo. 20 September 1973




field-aligned irregularities (dip = 68.2°) produce long, thin shadows whose
alignment is 50.4° ecast of north. Due to the satellite velo~ity, these patterns
move on a bearing normal to their alignment (bearing = 140.4°) with a speed
of 1.99 km/scc. The results of these two calculations are summarized below.

"Shadow" Velocity

SEeod Bourig&
Calculated 1.99 km/s 140.4°
Measured 2.07 km/s 141°

The very good agreement in these paramters tends to further confirm the con-
clusion that the ionospheric ASF irregularities are field aligned,

The structure size may next be determined from the autocorrelation curve.
The 1/e point for the autocorrelation curve is found at 44 ms. Multiplying this
by 2 km/sec gives a structure size of 88 meters for the pattern on the ground
(shadow). The ratio of the distance to the satellite compared with the distance
to the heated region is used to compute the ratio of the structure size on the
ground to the structure size in the heated region. The 1/e structure size in
the heated region was thus computed to be 64.2 m. This may be compared to a
range of values for structure size from about 60 m to about 250 m sccn on 8 Sept-
ember 1972 from Kimball, Nebraska (Bowhill and Ward, 1973b).

3.5 Mathematical model

The model which we have been using to describe the scintillation effects
(Bowhill, et al., 1972, pages 74 and 75, and Briggs and Parkin, 1963) can be
used to predict the relationship between the scintillation index and the angle
between the magnetic field and the LOS to the satellite.

From the standard Briggs and Parkin theory, the scintillation index S is
directly proportional to the RMS phase fluctuation y. The value of y may be

found from
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h - (x-x)> ~(h-h_)?
s 0 m
cosec y§ ¢ f exp [-———-2——- ]exp[ — ]dh
0 R H

where the terms are defined in Figure 3.11.

We are using a field-aligned Gaussian distribution shifted X, km north
of overhead Platteville. The e-folding vertical distance is H, and the e-
folding horizontal distance is R. As can be seen, we are integrating along

the LOS from the observer to the satellite. If this integration is carried

out, we find

Y

- N 2
2 . RH cosec U cosec (8 + V) exp{ (XO hmu) }

(H2U2 + RZ)

JR 2 + H2 2

where u = tan ¥ (1 + cot § cot (§+ ¥)).

A computer program has been written to evaluate this function. The results
may be compared with actual data by plotting scintillation index versus the
angle to the magnetic field for both the experimental and the theoretical data.
Values of horizontal and vertical e-folding distances as well as horizontal
displacements north or south of Platteville may be varied to find a "best fit"
to the available data.

Examples of plots of scintillation index versus magnetic field for several
satellite passes are shown in Figures 3.12 through 3.15. These are followed by
theoretical curves of normalized y (directly proportional to scintillation index)
as a function of ¢y (angle between LOS and magnetic field) for various parameters.
Figure 3.16 shows how the curves differ for various‘Qaluos of the height of

maximum heating. Figure 3.17 shows a family of curves for various e-folding
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m

§ = Local dip angle (= 68.2°)
Height of satellite

s
- Height of maximum of hecated region
X, = Distance (north) of overhead Platteville (PV) of

maximum of heated region

i = Incidence angle of satellite

h = Height of point of integration

x = Distance (horizontal) between point of integration
and field line through observer

¥ = Angle between LOS to satellite and magnetic field

Figure 3.11 Geometry for Briggs and Parkin theory application
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Figure 3.16 RMS phase fluctuation as function of angle to
magnetic field and height of heating
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Figure 3.17 RMS phase fluctuation as function of angle to
magnetic field and e-folding distances
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distances. The curve for H = 50 km, R = 5000 km shows the shape of the curve
if the horizontal extent of the region were essentially infinite. In this
case, the variation in y due only to the change in ¢ is displayed. Figure 3.18
gives the variation in y versus y as the heated region is displaced to the
north of Platteville.

The parameters of the heated region may be estimated by finding a 'best
fit" curve for the data. Shown on each experimental dat; plot are the values
of the parameters which give a fit to the displayed data. In general, an e-

folding distance of 50 km and a 30 km north displacement seem to fit the data

well for hm = 250 km.
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Figure 3.18 RMS phase fluctuation as function of angle to
magnetic field and displacement of the center
of the heated rcgion
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4, MAPPING AND YIELD

4.1 Introduction

g : A number of both orbital and geoétationary transmission experiments have
been performed in which the transmitter yield as well as the morphology of the
heated region may be deduced. The orbital satellite station performs a rapid
scan through the heated region, allowing the horizontal and vertical extent
to be studied. The geostationary station, on the other hand, observes the
variation of the region during power variations, and gives insight into the
relationship between power and scintillation index (yield) for the stationary

LOS.

4.2 Analysis of geostationary yield

The yield of the Platteville transmitter with respect to scintillation
index was studied using the geostationary experiment.. The scintillation index

S is calculated from the amplitude A by the expression (Bowhill, et al., 1972)

<A2>/<pA>% = 82 4+ 1

4,2,1 Ambient geostationary

In order to find the baseline scintillation, the geostationary experiment
was operated on 24 September 1975 when no heater was present. The scintillation
index is displayed in Figures 4.1 and 4.2. The baseline scintillation index
is about 1.5% with noise peaks occasionally higher. The heater is turned on
near the end of the period in Figure 4.2 with small effects seen until the power
is at -3 dB.

Since the time response of the scintillation index to variations in power
iz on the order of a minute or so, the Type 1 power stepping experiment in which
the power was varied in steps for 10-minute intervals was chosen as the yield
diagnostic. The most reliable Type 1 experiment with respect to heater operation,

power calibration, and geostationary data reliability was performed on 20 September
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1973 from 2100 to 2200 MST. These data are displayed in Figure 4.3. As
can be seen in this figure, the ratio of ﬂ{ to foF2 was held fairly constant
as the power was increased. The increase in scintillation index is clearly

seen.

4.2.2 Analzsis

In an attempt to accurately determine the relationship between the scintil-

lation index and the transmitter power, the data shown in Table 4.1 were tab-

ulated. The value of the mean scintillation index was dectermined by omitting
the first minute from each group and averaging the remaining data. The power
was determined from the Platteville transmitter logs. These data were next
plotted on log-log paper to determine the quantity x in the relationship

S « PX, The results are shown in Figure 4.4, As can be scen, data points 2
through 5 lie approximately on a line of slope x = 1.0. Data point 1 with power
= 0 cannot be shown on a logarithmic scale. Point #6 for the highest value of
power (0.970 MW) seems to exhibit a saturation effect, while point #7 is derived
from a short group of data following the 0.970 MW sequence. It should be pointed
out that this yield result (S « Pl) differs from an carlier Prairie Smoke result
showing S « Pl/2 (Walton, et al., 1973). The carlier data however were based
on a scatter plot of data collected over a long period of time rather than a
power-stepping experiment as described here. Also, the earlier power cali-
brations were less reliable than the power data presented here.

4.3 The Redbird experiment

On the night of 18 September 1973 (19 September GMT date), the geostationary
satellite ATS-6 was received by two stations. One station was the Lusk receiving
station described earlier in this report. The other receiving stztion used a
single receiver mounted in the mobile Winnebago shell. This receiving station
was located 57.4 km north of the Lusk station at Redbird, Wyoming. The LOS from

Lusk to ATS-5 passed over Platteville at 275 km height, while the LOS from
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Table 4.1

Tabulation of power and scintillation index for the

September 20, 1973 Type 1 Yield Experiment

1 Time Mean scint. index Power
‘ Poimt -1 Eh, % Eh, 3 A
1 0400-0410 1.75 1.77 Off
2 0410-0420 1.51 1.56 0.188
3 0420-0430 2.14 3.00 0.299
4 0430-0440 4.36 3.75 0.390
5 0440-0453 4.11 5.33 0.598
6 0453-0459 4.36 3.92 0.970 .
7 0459-0502 7.50 10.05 0.270 |
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Figure 4.4 Scintillation index versus power
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Redbird passed over Platteville at 328 km (a difference of 53 km). The elevation
angle of the geostationary satellite was 42.5 deg.

The scintillation index computed during the Redbird geostationary experi-
ment is shown in Figures 4.5, 4.6, and 4.7. These figures show the scintillation
index computed from the signal received at both Lusk, Wyoming, and Redbird,
Wyoming from 0600 to 1020 GMT on 19 September 1973. The scintillation index
of the signal received at the Lusk site was computed from data stored on digital
magnetic tape in the same manner as described earlier in this report. The
scintillation index of the signal received at Redbird was computed by detecting,
filtering and digitizing the analog tape records of the signal which were made
during this experiment.

The power data shown in Figures 4.5, 4.6, and 4.7 were prepared from the
""log of measured transmitter output'" supplied by SRI for these times. The
value of foF2 = 3.03 MHz was reported to be constant over the entive period.

The transmitter frequency was also held constant during this time at 2.8 MHz.
This gives a ratio fH/foFZ = 0.924 for the entire period.

The scintillation data, in spite of the stability of the ionosphere, are
quite variable with time. It can be seen that extended periods of reduced
power (10 minutes or more) correspond to periods of reduced scintillation index.
On the other hand, extended periods of constant full power operation (Figure
4.7) yield large variations in the scintillation of the signal received at both
Lusk and Redbird. Detailed comparison of the Redbird versus the Lusk scintil-
lation index shows a great deal of short-term variation. There is somewhat
greater long-term (15 minutes or more) similarity however. This implies that
there does exist a certain amount cf correlation between the region probed from
the Lusk site and that probed from the Redbird site.

It is clear that some further analysis of these data can be performed. A

more accurate measure of the correlation between the Lusk and the Redbird data
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has been computed. The scintillation data were entered into a computer, and
the auto- and cross correlations were computed. Figure 4.8 is the auto cor-
rclation of the scintillation iadex values for both the Lusk and the Redbird

receiving sites. Note that there is evidence of a 6 minute (or so) periodic

structure in both sets of data. The periodic structurc seems much more pre-

dominant in the scintillation data computed at Lusk than at Redbird. These

data were next cross correlated, and the results are shown in Figure 4.9. Unce
again, G6-minute periodic effects may be scen, although the magnitude of the
cross correlation is rather small. There is a time (or phase) shift of these
periodic effects of about -1 minute. This implies a resultant velocity of

900 m/s southward for these periodic effects. These results are consistent with
an actual velocity which is largely ecast-west and considerably smaller than this

resultant north-south value.

4.4 Extended scintillation studies

For the night of 17 Scptember 1973, a continuous record of the scintillation
index as a function of time has been computed. This record begins at 23:15 MST
Scptember 17, 1973 and ends at 06:45 MST Scptember 18, 1973, A great deal of
simultancous other data have been provided by SRI, and may be compared to the
scintillation index data. Figures 4.10 through 4.14 show plots of the various
data provided Aeronomy Corporation. The values of the scintillaticn index were
calculated by the scintillation formula described carlier in this rcport. The
other data displayed in these figures were provided by SRI. The radar cross
sections were obtained from the SRI radar facility near White Sands, New Mexico.
The transmitter power and the values of foF2 were taken from the Platteville
transmitter logs. Also available were ionograms taken at Boulder, Colorado

during the experiment. These data have all been incorporated into Figures 4.10

through 4.14.

Several interesting abservations may be made concerning these data. First,
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the data points shown in the scintillation index scction of these figures each
requires processing of 60 scconds lengthof geostationary satellite amplitude
data. This means that the scctions containing pulses and power steps cannot

be used on a one-to-one basis since the pulse and power parameters are being
changed as rapidly as once per minute. The relative cross section data available
during these special times gives a good indication of the power variations, but
the ionospheric response with respect to the production of scintillations is

too slow to respond to the rapid variations.

The effect of transmitter variations with time scales of 5 minutes or more
may be more easily seen in the scintillation index plot. The transmitter was
switched to X-mode heating from 00:20 MS3T to 01:00 MST, for example. When the
switch was made from O-mode to X-mode heating at 00:20 MST, the general level
of scintillation can be seen to have been reduced from about 7% to about 4%,

The value of fh, foF2, and heater power (PH) all remain rather constant during
the change. The switch back to 0-mode heating at 01:00 MST is more dramatic.

As can be seen, the values of ﬂ1, foF2, and PH are all constant as the switch is
made from X-mode to O-mode heating. The scintillation increases rapidly from
about 2% (equal to the ambient level) to an average of 6% or more. A rapid in-
crease in the relative cross section may also be seen at this point. ‘The time
response of the scintillation index following a transmitter switch-off may be
seen at 03:00 MST.

This switch-off was preceded by 10 minutes of full power cw. At the time of
the switch-off, the scintillation index has reached about 85%. This index drops
to about 2% in 9 minutes or so. This 9-minute decay rate is larger than the
typical daytime value of about 1-5 minutes.

This off period was followed by 3 minutes of full power operation from

3:27 until 3:30 MST. As can be seen, this 3-minute "burst" of power causes a

rapid onset in the scintillation index (rise from 2% to 8% in about 3 minutes)




which seems to overshoot a bit before decaying in the previously observed time
of about 9 minutes.

& final item on thcse figures is. of particular interest. The period from
05:15 MST till 05:35 MST shows a marked decrease in the scintillation index,
the radar cross section, and the amount of observable artificial spread F (ASF).

During this time, the value of foF2 was increasing rapidly while the value of

fH = 2.75 MHz and the transmitter power of 1.35 MW was held constant. The speed

with which the scintillations drop from about 9% down to about 3% is comparable

to the scintillation decay time discussed earlier of 9 minutes. During this 9-
minute period, the ASF can be seen to decay from a condition of very severe to an
F-region trace that seems nearly normal for an undisturbed ionospheric F region.
The radar cross section data (available as frequency sweeps during the times marked
"S" on the figures) was also observed to drop rapidly. Figure 4.15 is a plot
showing the relationship between the radar cross section (at 55 Miz) and the ave-
rage scintillation index for various times during this drop-out as well as an

extra "fill the gap" point taken at 00:35 MST. As can be scen, there is a nearly
linear relationship betwecen cross section and average scintillation index.

4,5 Orbital morphology

A number of observations of the scintillation of orbital satellite signals
after propagation throughthe heated region have been made. Most of the data
and interpretations are available in the past series of Prairie Smoke reports.
In general, the overall heated region is found to be a field-aligned Gaussian
ellipsoid centered at the F-region maximum. It has an e-folding radius of
about 50 km, and its center is typically located about 30 km north of the
Platteville transmitter. There is a great deal of variation about this typical
case, however. The orbital experiment will often show a patchiness or perhaps

even a "hole" in the center (burn through) of the cloud (resulting in a doughnut-

shaped cloud) over Platteviile.
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