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INTRODUCTION

General

The STRESS (Satellite TRansmission Effects SimulationS) experiment
took place at Eglin AFB, Florida during the period 29 November 1976 to
15 March 1977. The principal purpose of the experiment was to evaluate
satellite communication links under conditions that simulate many
aspects of a post-nuclear-burst environment. This environment was
produced by use of ionosp" :ric barium releases at an altitude of 185 km.
An airborne receiving station was positioned so that it was occulted
by the barium cloud while receiving UHF signals from a synchronous com-

munication satellite.

A data review meeting on the results of STRESS was held at Head-
quarters, DNA, on 29-30 November. While some of the experimenters had
not yet completed their analysis in detail, it was felt that enough of
the results were in to provide a significant imp ct on future test
planning. The presentation of each experimenter at the wmeeting is

presented in these proceedings.

Objectives

The detailed objectives of the STRESS experiment were as follows:

(1) Demonstrate a capability to predict, from communication
theory and striated-plasma propagation theory, both the UHF
comranication-channel characteristics of a striated plasma

] cloud and the performance of a communication system operating
tarough such a cloud.

(2) Obtain data on the dissipation of striated plasma structure
. in the ionosphere by optical and UHF probe signal measure-
ments.

(3) Measure the performance of the LES-8/9 Forward-to-Force Element
and Report-Back communication links operating through the
fading environment created by the barium plasme cloud, and
assess the implications for operation in a HANE c¢nvironment.




Test Concept

The STRESS experiment consisted to two phases: Pre-STRESS, oc-
curring in November-December 1976, and STRESS itself, occurring in
Februarv-March 1977.

Pre-STRESS consisted of a single 48-kg barium cvent, launched on
1 December 1976. The purposes of this event were to (1) ascertain .
that the aircraft positioning system worked as planned, (2) determine
whether any biases existed between the cloud positions as determined
by radar and TV tracking instrumentation, (3) check ion cloud phenom-
enology, such as motion and striation formation, and (4) make pre-
liminary satellite-transmission measurements. Test elements of Pre-

STRESS were as follows:

* 48-kg barium release
* FPS-85 radar system

* TV tracking system

* AFAL aircraft No. 662
* Ground optics

* Range sujport systems.

STRESS consisted of five 48-kg barium releases, launched during
the period 22 February to 14 March 1977. Only one event was scheduled
on any given day. Event times varied from the time at 3° sclar de-
pression angle {evening twilight) for the first release to up to 78
minutes earlier for the fifth release. Time-phasing of the releaces
in this manner allowed observation of late-time striations--phenom-

enology that had not heretofore been observed. During each of these

releases, the AFAL aircraft was directed so that it made multiple
passes through the ion cloud shadow, recording signals from the satel-
lite as it did so. Concurrently with the satellite measurements, o

auxiliary ground instrumentation gathered data on the evolution of
the barium plasma structure to assist in the interpretation of the

UHF propagation effects observed and to further current knowledge in

!
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striation decay phenomenology. 1In addition, rocket-borne probes were
fired through the ionized cloud to make in-situ measurements of elec-

tron density. Test elements of STRESS were as follows:

¢ Tjve 48-kg barium releases
. ® Six rocket-borne, electron-density probes
®* FPS-85 radar system
® TV tracking system
¢ AFAL aircraft No. 662
¢ Ground optics '
' i ®* Fabry-Perot optical interferometer
* Tonosonde

¢ Range support systems.

In addition to the above-listed test elements, Los Alamos Sci-
entific Laboratory participated in STRESS in investigating the very-
late-time spatial decay of plasma striations. They provided an array
of intensified optical instruments, collocated at Tyndall AFB with

the TV tracker, ground optics, and FP interferometer.

Test Organization

The STRESS satellite measurements were planned and carried out by
ESL, Inc. The STKESS field operations necessary to accomplish the
satellite measurements were planned and carried out by SRI International.
The program participants and their areas of responsibility were as

follows:

®* SRI-1cst planning and direction, and operation of TV tracking

system, FPS-85 radar, and ionosonde

¢ ESL--Satellite measurements
¢ TIC--Ground photography
® SDC--Rocket operations

¢ USU--Probe payloads

* Thiokol--Barium payloads
* IMSC--Optical {nterferomcter




®* AFAL--Aircraft support and satellite measurements
* ESD--Satellite support

¢ RDA--Probe rocket coordination.

Figure 1 depicts the test organiza ion,

Summary of STRESS Events

The STRESS event summary is shown in Table 1, and ¢ map showing
the location of the releases and supporting instrumentation is de-

picted in Figure 2.

Table 1

SUMMARY OF STRESS EVENTS

Time Before Solar

Event Date Depression Agglc S:&b:;
(min) = 6
ANNE 1 Dec 1976 0 0
BETTY 20 Feb 1977 13 0
CAROLYN 2 Mar 1977 15 0
DIANNE 7 Mar 1977 11 2
ESTHER 13 Mar 1977 75 2
FERN L4 Mar 1977 91 i)
6
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HIGH-RESOLUTION GROUND OPTICS MEASUREMENTS

W. P, Boquist

Technology International Corporation
Bedford, Massachusetts




HIGH-RESOLUTION GROUND OPTICS MEASUREMENTS

W. P, Boquist

Technology Interrational Corporation
Bedford, Massachusetts

1 INTRODUCTION

The participation of Technology International Corporation in DNA
Project STRESS was for the purpose of providing general optical coverage
ot the barium release phenomenology during the time period a given cloud
would be visible from the ground. Such coverage included:

(1) A photographic history of the morphological development of the

neutral and {on coulds and evolving structure.

() Radiometric measurements of the ion cloud radiance and minimun
column density.

(J) Two-station triangulation measurements of the obserable cloud
motion(s),

(4) Higheresolution coverage of plasma striations and spatial

frequency,

The end requirement of this data acquisition was to aid in rhe
interpretation and correlation of data obtained by other DNA experimenters
in the arcas of radar track and satellite transmission eaperiments, In
addition, of course, an inhereat result of the optical coverage is the
peneral aupmentation of the barium release phenomenolopical data base,

particularly tor the condition of carly (pre-sunset) relceases.

Table 1 summarizes the release parameters for the PRE -STRESS (one
event) and STRESS (five events) experiments. All events involved a 48-kg
pavload ot barium reactant mixture and wre programmed for a4 nominal
185-kn release altitude. The time of release with respect to a nominal

solar zenith angle (namely, 96°) was varied from zero up to 90 minutes

11
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before releare, as shown in Table 1., Thus, the last two evruts were

actually released before sunset, as will be seen in more detail later,
Optical observations of barium clouds at these altitudes are linked in
a practical sense to solar angles of between about 96° and about 102°,

regardless of the release times.

The satellite(s) used in conjunction with the STRESS transmission
experiments were the Lincoln Laboratory LES-8 and LES-9 semi-synchronous
satellites, LES-9 (to the east) was used on Events ANNE, BETTY, CAROLYN,
and DIANNE, LES-8 (to the west) was used on Events ESTHER and FERN, A
total of six fon-cloud sounding rockets were fired from the Eglin launch

complex against the last three events.

Figure 1 is a map of the Eglin Gulf Test Range arca showing the
locations of the sub-release point of cach event and the realtive loca-
tions of the ground optics sites, Eglin C-6 and Tyndall 9702 sites were
for primary data acquisition, A wobile site was vperated at different
positions between the Eglin and Tyndall vicinities, as dictated by predic-
tions for cach event, A tourth site was operated by SRI for TIC at Barin
Field, Alabama, and an AFAL crew member on board A/C 662 operated a fifth

camera station for supplementary data,

Table 2 presents the actual release time for each of the STRESS cevents
together with the relative release angle and local sunset time., Figure 2
plots, as a function of local time, the extent of optical coverage, the
relative sunset time, and the times of rocket peanctration in the fon
cloud, The circles fndrcate the release time of a piven experiment,

When the release point was observed, the circle is shown as a solid, In
the case of Event BETTY, natural clouds obscured the burst point, whercas
for Events ESTHER and FERN the ambient (pre-sunset) sky backpround negated

recording the release expansion,

Il PHOTOGRAPULIC DATA

This section contatns a selected sampling of the extensive photo-
praphic coverage obtained by TIC of the six barfum relcase experiments

in Project STRESS. For cach event a photograph of the matured fon cloud

13
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as seen from both the Tynuull 9702 and the Eglin C-6 ground optics sites

is presented in a side-by-side comparison,

Figure 3 shows both the neutral and the ion cloud at R + 21 and
R + 26 min for PRE-STRESS Event ANNE, from tiie Tyndall and C-6 site,
respectively, In the Tyndall photograph the slope of the field-aiigned
(and straited) ion cloud from upper left to upper right corresponds to
higher (southern) and lower (northern) altitudes along the field lines.
In the C-6 photograph, however, because of the critical perspective with
respect to the field lines, upper lelt is the lower (northern) end of
the ion cloud striations, while lower right is the upper (southern,

converging) end of the striations,

In Figure 4 the ion cloud of Project STRESS Event BETTY is shown at
R + 30 and R + 33 min as seen from the Tyndall and C-6 site, respectively.
(Note that the Tyndall photcgraph is of significantly greater magnefication
than the C-6 photograph in this one instance, since it was taken from a
large-format triangulation camera record because of moon flare in other
Tyndall records.) In each instance, the left portion of the photo-
graphic image represents the lower, northerly end of the ion cloud.

Some residual neutral cloud is still visible in the C-6 photograpi.

Figure 5 shows the comparative views of Event CAROLYN at R + 36 and
R + 40 min, In both the Tyndall and C-6 photographs, the left-most end
of the striations is down and to the north, No neutral cloud is evident
in these photographs, At later times, the Tyndall site was able to view
the ion cloud essentially up the field lines passing through the striated

cloud for a short period just before the sun set on the cloud,

The complementary perspectives of Event DIANNE from Tyndall and C-6
are shown in the Figure 6 ion cloud photographs at R + 34 and R + 35 min.
This event was somewhat unique relative to the two previous events released
at about the same solar depression angle, in that the cloud exhibited
both significant cast-west longitudinal distortion and detailed striated
structure in its midsection at later times. This latter observation is
more clearly evidenced in Figure 24 (see Section V of this paper), taken

from a C-6 high-resolution photographic record.

17
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Figure 7 shows the relative shapes of the Event ESTHER ion cloud at
R + 1 hr 38 min as seen from the Tyndall and C-0 triangulation sites.
Because of the nearly up-the-field-line prespective of the Tyndall site
the striation images from this site show remarkable definition and
identity., Event ESTHER was the first of two events released significantly
before (approximately one hour) sunset to ascertain the late-zime stria-

tion formation and longevity characteristics.

The late-time ion cloud of Event FERN is shown in Figure 8 at R + 1 hr
45 min, and R + 1 hr 54 min from Tyndall and C-6 sites, respectively.
The FERN ion cloud moved very slowly. From C-6 the cloud appeared very
diffuse with undefined structure, From Tyndall, however, portions of
the cloud located close to an up-the-field-line perspective were much
more definite. An example of this is the fine structure near the bottom-

left region of the ion image.

111 RADIOMETRIC MEASUREMENTS

In order to provide for a limited optical determination of peak ion
column density and reactant-ion yield of the STRESS barium rcleases, a
calibrated filter camera system was operated on each of the events from
the C-6 site area. The filter camera was fitted with a 4934-% (50-1
passband) filter and had an effective field of view of approximately 20°.

The ion line at 4934 /) is one of the five ion emmissions that account
for the majority of Ba Il cnergy. A multi-slit spectrograph operated as
part of the ground optics at Tyndall 9702 site provided data on the
relative strengths of these lines. Figure 9 shows a representative
sample of a transmission protfile of one fon cloud spectrograph, showing
the relative strength of 4934 A. (Note that 6497 1 is artificially weak
because of the sensitivity fall-oftf of the particular film used in this

instrument, )

For cach event analyzed, approximately six data frames were chosen
for reduction. A two-dimensional densitometric profile (contour) {s made
of ecach image, using a sensitometric calibration scale which, at this

stage, can be cither absolute or relative. From the isodensity trace

22
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contours (IDTs) the peak density can be determined, and from these data,
together with the system parameters and estimated value of atmospheric

transmission, the source peak apparent radiance can be determined.

Figure 10 shows the measured peak radiance of four STRESS events as
a function of time after release. The integrated radiance (over cloud
profile area) or optical power is shown in Figure 11 for the same times.
The radiated power will of course begin to fall as the sun sets at the
cloud altitude, and this is evidenced in data covering the time of sun-

set,

The peak and integrated radiance data were subsequent!; converted
to peak column density (ions/cmz) and ion yield (%). The conversion of
peak radiance to maximum column density was performed using the optically
thick model of B. Kivel. A mean of the two Kivel solar radiation source
models was used for this anaiysis, based on past experience and observa-
tions, The integrated radiance was converted to integrated ion yield,
treating the clouds as if they were optically thin, The resulting yields
represent minimum values, therefore, The calculated values of peak ion
column density and yield are presented in Tables 3, 4, 5, and 6 for
Events CAROLYN, DIANNE, ESTHER, and FERN,

IV TRIANGULATION RESULTS

Two S5-inchi-format triangulation cameras were operated at each pri-
mary optics site, Tyndall 9702 area, and Eglin C-6 area. The cameras
were fitted with EK Aero Ektar lenses with a focal length of 152.7 mm
and a focal ratio of 2,5, These lenses have o maximum displacement dis-
tortion of 0.3 mm and cover a 41°-by-41° field of view in the triangula-
tion cameras, Whenever possible a color negative record was uced for

measurement of features of the ion cloud or the neutral cloud center.

The triangulation calculation routine developed by TIC determines--
for a common feature definable in the photographic image from each tri-

angulation site-- the geodetic position in latitude, longitude, and

26
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altitude above sea level in kilometers.* A calculated miss-distance of
the triangulation vectors is also obtained. If this value is greater than

1 to 1-1/2 km, the triangulation is repeated.

In general, the triangulation records are first timed to tl s; the
cam2ra pointing attitude is then determined using images of identified
celestial bodies. The selected feature position is measured with respect
to the optical axis and plotted as a function of time for each triangula-
tion site record. At this point the plot is smoothed, if required, and
image feature positions are determdned for selected common times, A
target vector is then developed mathematically (in geocentric coordinates)
for each site/feature at a common time and the two vectors are triangu-
lated to obtain the feature position, which is tranformed into geodetic

coordinates.

The results of the STRESS triangulation measurements are varied in
that some events presented distinct features that could be easily identi-
fied from each site and readily triangulated, whercas some events presented
very diffuse indistinctive images for which only approximate edges could
be ldentified. Whenever possible, an attempt was made to triangulate the
following features:

¢ The center of the neutral cloud,

® The sharp (trailing) edge ot the ion cloud, or end-most
striation,

¢ The diffuse-end (leading) edge of the ion cloud.

On the accompanying plots of barium cloud motion the nominal sub-
release point is drawn as a solid circle, with the release time in hours
and minutes, The symbols for cloud feature position as a function of
time symbols for cloud feature position as a function of time are shown
as minutes after the (same) hour (not release-plus times), except for

ESTHER and FERN, which are shown as minutes after the following hour,

*
Based upon the Clarke spheroid model of 1866,
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Figure 12 shows the neutral and ion cloud tracks of Event ANNE from

release to R + 24 min (neutral) and R + 30 min (trailing striation). At
R + 30 min (2342), the striation was measured to extend from 150 km at
the northern lower end to an altitude of 205 km at the southern upper -

end, as shown, -

Figure 13 shows the cloud tracks of the Event BETTY neutral cloud
to R + 32 min and the lower end of a striation, identified as "A", to
R + 38 min., Also shown is the last measurable position of the leading
edge at R + 41 min, Both the center of the neutral cloud and the trail-

ing edge of the ion cloud moved very nearly due east during this event.

Figure 14 plots the motion of the Event CAROLYN neutral cloud center,
the western (leading) edge of the ion cloud, and the upper end (only) of
the forecmost eastern (trailing) striation (U). The neutral cloud was
measured out to R + 33 min, and the ion cloud to R + 39 min. In this

instance the overall cloud motion was east-southeast,

The triangulated cloud tracks of Event DIANNE are shown in Figure 15.
The neutral center is plotted to R + 20 min., The foremost trailing-edge
striation is plotted out to R + 32 min, The lower (northern) and upper
(southern) edges of the edge-most striation are shown for 15, 21, and 27
minutes after the hour. A dashed line connects the lower end of the
striation with the corresponding position symbol for the leading edge at
a given time. At 33 min an ensemble of three striations is shown--also
connected to the corresponding leading-edge position by dashed lines.
At this latter time, the lower end of the edge striad on was triangulated
to a height of 160 km and the upper end to a height of 210 km altitude.

Figure 16 shows the results of triangulation measurements on the
late-time Event ESTHER fon cloud. No neutral cloud was apparent. The
motion of a group of five striations (later four) from R + 1 hr 29 min
(0030) to R + 1 hr 41 min (0042) at 150 km altitude is plotted. The
position of the striation group at a given time is shown connected with
dashed lines. The extent of the cloud at R + 1 hr 23 min (0024) is
also shown as a dached line connecting the leading edge and a single

striation,
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Event FERN, as in thc case of ESTHER, did not exhibit a neutral cloud
at the late times for which photographic coverage was obtained. Moreover,
little structure was readily identifiable from two triangulation sites.
Two significant striations were triangulated as best possible and are
plotted in Figure 17, over a period of R+ 1 hr 35 min to R + 1 hr 56 min,
In general the ion cloud moved with a relatively slow velocity and was

not as distinctive in structure as the prior events,

V  STRIATION SPATIAL-FREQUENCY ANALYSIS

High-resolution black and white film records were made from the
Eglin C-6 site for each of the STRESS barium ion clouds, Of these five
events, four exhibited significant striations and suitable perspectives

for analysis, These were Events BETTY, CAROLYN, DIANNE, and ESTHER.

Data frames were selected from each of these events (two from
CAROLYN and one from each of the other three) as being most appropriate
technically (and suitably representative of the event) for spatial
frequency analysis, All data discussed here were obtained from the 300 mm
Position 34 camera located at the Eglin C-6 site. The film used in this
camera was Tri-X Pan and was developed to a D log E slope greater than

unity.

The data frames were scanned on a transmission microphotometer with
an effective scanning aperture of 50 um by 0,5 mm., The long axis of the
slit was scanned perpendicular to the direction of motion. The values of
transmission versus image position were digitized, with approximately
2000 data points being obtained over a typical dimension of 20 mm, The
sensitometric processing curve was scanned next, and a density-versus-log-
exposure curve computed, With the aid of this curve the transmission

profile of the image was then converted to relative radiance.

The relative radiance is next Fourier transformed with a large com-
puter utilizing a Cooley-Tukey algorithm fast Fourier transform, The
resulting data are plotted as power (amplitude squared) versus log

spatial frequency in lines/mmi.

46




NH3d IN3A3 — SHOVHL GNO1D Ll 3¥NDId
SY3ILIW0TIN
L
oot o5 °
[T ARS8 98 A8

’ - v . 8 — v 1- L4 - L 4 « '&N
- 5 -4 -
- —4 — -
- -1 - -

NOILVIUIS o4
-1 -4 == -
sV @

- - - -

— v A L | TSR A o2

v
: J w g ) g 4
++
b 4 - 4
mJ+n—v + 1z SNNN
(11
- . . (9) 4 i
84V 1IVONAL
— LA 1 4 1 v —
/’,\\L

J - ALID vavvd O

41




Figure 18 shows the data frame sclected from Event BETTY at R + 39 min
47 s, In this as well as subsequent photographic figures the inked line
shows the image profile scan direction. Figure 19 shows the resulting
plot of power versus spatial frequency for this event, Beyond about log
1,0 (10 lines/mm) the grain noise of the film begins to limit the useful- e

ness of any higher-frequency data.

Figures 20, 22, 24, and 26 show the striations scanned for Events
CAROLYN, DIANNE, and ESTHER at the times indicated on the figures. The
corresponding spatial frequency transforms are presented in Figures 21, ) !
23, 25, and 27 respectively. It should be pointed out that no artificial

filtering was introduced into this analysis, as is sometimes done.

The data given above in lines/um can be converted to object dimen-
sions if the focal length of the lens and range to the object are known.
Assuming a nominal range of 200 km and using a tfocal length of 300 mm,

a spatial frequency of one, for example, would correspond to an object

dimension of about 660 m,
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INTENSIFIED OPTICS MEASUREMENTS

J. BR. Wolcott

Los Alamos Scientific Laboratory
Los Alamos, New Mexico
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INTENSIFIED OPTICS MEASUREMENTS

J. U, Wolcott

Los Alamos Scientific Laboratory
Los Alamos, New Mexico

1 INTROGUCTTON

The Los Alamos Scientiffc Laboratory (LASL) pavticipated fn project
STRESS, a series of rocket-borne, barfum thermite velease experimeants
sponsared by the Mefense Nucleav Ageney (DNA),  vor A, the principal
objective of STRESS (Satellite Transmiasion Hifects Simulation) was the
study of actual gatellite commumfcation L{nks thrvough structured bavium
plasma clouds known to simulate many aspects of the highly disturbed,
post-miclear=explosion upper atmosphere,  For LASL, the priuncipal ob)ec-
tive was the {uvestigation of the verv-late=-time apatial decay ol plasua
strfations, or f{laments, ombedded within the bavium {fon clowd,  Most
operat fonal aapecta of this exporfmental project wore well suftoed to ad-

dreas both principal objectives,

The release or injection, of bavium has now become a standavd toch-
nique tor staulation ot the highly atvoctuved plasmas that totlow a hifgh-
altitude muclear detonat fon,  Complex computer models that predict nuclear
weapons effocts ave validated by applicatfon to auch ainmalation event s,
From a sclentitic viewpoint, bartuw experiments afd greatly {n the under-
standing of the dvnamtes ol plasma processes that ultfmately atfoect a
mmber of plamed or opevational systems,  The peviormance of systoms
that depend on electromagnet{c propagat fon can be sevorely degraded when

a tranaft through highly disturbed cavivonments {s necessary,

Numerous obzervations of the behavior of {ontzed bariue clowds and

jets have rvesulted fn a velatively thorongh undevstanding ot the plasm




processes leading to the formation and growth of striations within a
plasma cloud, Little experimentation to date has been directed to the

processes that result in striation decay.

Project STRESS, conducted at Eglin AFB, Florida, actually included
two phases, with all experiments involving a 48-kg barium thermite release
at 185 km altitude, The first phase, Pre-STRESS, was completed on 1
December 1976 when a single release occurred at 2312 UT and ~29° 55'N,
86°30'W; background and signal level data were obtained by LASL during
Pre-STRESS, The second and more extensive phase occurred between 26
February and 14 March 1977, when five releases were conducted at widely

varying local times.

II PRE-STRESS RESULTS

As mentioned above, the single event of Pre-STRESS cccurred at
2312 UT (1712 CST), 1 December 1976 with release of barium vapor from a
rocket launched at Eglin AFB, Florida., The experiment was conducted in
order to exercise the operational interfaces that would be involved later
during STRESS, but it also provided LASL with the opportunity to perform
optical measurements during a local time period and lunar phase similar

to those to be encountered during the STRESS operation,

Sky background measurements obtained on the evenings of 30 November
and 1 December 1976 are presented in Figure 1, Comparable data obtained
on 6 June 1976 are also included, Look angles were those to a nominal
STRESS event location, and a 3/4 moon was above the horizon, These data
were sufficient for design of the STRESS instrument plan and an operational
program for temporal adjustments of instrument sensitivities,

Averaged over a 2°-diameter field of view (FOV), the radiance of the
fully solar-illuminated Pre-STRESS release was ~2.,5 X 10‘9 W u“mz sr-l at
455.4 nm. Assuming optically thin radiators, this radiance corresponds
to a barium ion column density of ~5 X 1010 cm'z. Based on these results
and a minimum signal-to-background ratio of 0.5 with l-um-wide spectral
filtering, photographic recording of the relcase appeared feasible at
solar depression angles of ~6° and greater. Signal-to-background ratios
would improve with time until the cloud was no longer illuminated by the
sun at a depression angle of ~13°.
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FIGURE 1 SKY BACKGROUND MEASUREMENTS OBTAINED ON 30 NOVEMBER AND
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57




IIT STRESS OPERATIONS

Realization of the LASL objectives for STRESS depended on the ability
to identify and observe optically thin regions of the structured barium
ion cloud, Comparisons with current models for decay of striated plasmas
require observation of the spatial inhomogeneities within the total ion

cloud with no obscuration by intervening optically thick regions.

One approach--observation of a barium-ion spectral-line shape--was
utilized by Lockheed, a DNA contractor, Here, an imaging Fabry-Perot
interferometer was spectrally scanned across the line profile at 455.4 nm,
The LASL apprecach involved a search for optically thin regions of the
cloud by real-time TV observations. A series of filtered (455.4 nm)
cameras with high time and space resolution were then pointed toward
those volumes. Since Lockheed selected the Ty.dall AFB location early
in the STRESS planning, and direct comparison of the two optical tech-
niques was highly desirable, the LASL optical site was also located at
Tyndall (29°58'N, 85°28'W), east of Panama City.

The tracking TV was an ISIT, a single-stage intensified, and cooled,
SIT TV camera, Two of the camera systems employed three-stage electro-
statically focused intensifiers, while the third contained a three-stage,
magnetically focused tube, Focal lengths used were 50 mm, 400 mm, and
1250 mm, and the 1250-mm lens was used with the magnetic intensifier,
With this selection of optics and cameras, FOVs ranged from about 1° to
30°, and spatial resolution at the barium cloud location ranged from

about 20 to 250 m, To achieve these spatial resolutions, in view of
1

the fact that cloud motion is cxpected to be of the order of 20 m s ,

fraction-of-a-second exposures possible only with intensified systems
are required, Exposures as short as 0,1 s were used. Kodak 2484 film
was used, and it was force-processed to an ASA of ~2000, All camera
systems were radiometrically calibrated and the film processing was

controlled so that absolute cloud radiance could be obtained,

Table 1 gives a summary of the five STRESS events, Event ESTHER
provided the best data, and analysis has been concentrated on this event,

The cloud was highly striated when it was first observed, It bhad drifted
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Table 1
SUMMARY OF STRESS EVENTS

Event Event Event Event Event
BETTY CAROLYN DIANNE ESTHER FERN
26 Feb 7/1 2 Mar 77)| 7 Mar 77| 13 Mar 77| 14 Mar 77
LT LT LT LT LT
Release
Time (2) 2352 2354 0001 2301 2246
Altitude of
release (km) 179 191 186 189 186
AT* (min) 14 15 11 75 90

*
AT is defined as the difference between release time and the

time when the sun reaches a 6° depression angle at the nominal
sub-event point,

59

southeast and passed south of the local magnetic zenith,

Figure 2 shows
the ion cloud at 0035 UT as viewed bv the intensified camera systems,




400mm CAMERA — 500 m

50 mm CAMERA — Skm

1250 mm CAMERA 500 m

FIGURE 2 DATA FRAMES FROM STRESS/ESTHER AT 0035 UT SHOWING THE 400-mm
AND 1250-mm CAMERA FIELDS OF VIEW ON THE 50-mm AND 40C -mm
FRAMES, RESPECTIVELY
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ROCKET OPERATIONS

E. F. Allen

Space Data Corporation
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I INTRCDUCTION

Twelve two-stage sounding rockets were successfully launched from
Site A-15A, Eglin Air Force Base, Florida. Six Honest John-Hydac vehicles
carried barium pay.oads, and six Nike-Hydac vehicles carried probe pay-
loads with electron density experiments and VHF transmission experiments.
The objectives were to deploy the barium payloads at nominally 185 km
altitude and then launch the probe experiments through the striated por-
tion of the barium ion cloud. This report gives a rocket flight summary
and describes the rocket vehicle systems. Also, it lists related Space
Data Corporation (SDC) documents that further describe rocket operations

and give detailed fli{ght results.

SDC provided rocket vehicles, C-band beacon modules on the barium
vehicles, VHF experiment modules, and VHF receiving statlons;1 assisted
ASL with launcher installations and vehicle rocket buildup and prelaunch
check; provided wind weighting ballistics inputs to ADTC;a'5 provided

“® assisted RDA with probe vehicle aiming;:°

1,111,112

rocket vehicle coordination;®
assisted with probe and VHF experiment data reduction; and as-

sisted with the field data reduction of probe data.®

Rocket trajectory data used in this report were obtained from ADTC,

Eglin.




I1 ROCKET VEHICLE SYSTEM DESCRIPTION

Figure 1 is the Honest John-Hydac vehicle with the barium payload
(Vehicles ST610.31-1 and ST710.31-2 through ST710.31-6). Figure 2 is
the Nike-Hydac rocket with the probe and VHF experiment payload (Vehicles
ST707.51-1 through ST707.51-6).

Additional vehicle system description is given in Refs. 2, 3, 6, 8,
9, and 10.

IIT ROCKET FLIGHT RESULTS

Table 1 is the STRESS rocket flight results summary, giving barium

cloud release and probe intercept time and position.

Additional rocket vehicle trajectory information is given in Ref. l4.
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ELECTRON DENSITY STRUCTURE IN BARIUM CLOUDS--
MEASUREMENTS AND INTERPRETATION

K. D, Baker J, C, Ulwick M. C. Kelley
L. C. Howlett G. D. Allred D, Delorey
N. Grossbard

Utah State University
Logan, Utah

I INTRODUCTION

A program of measurements to investigate radio-wave propagation
through ionospheric regions perturbed by the presence of ionized,
barium-vapor clouds, was undertaken during the period extending from
December 1976 through mid-March 1977, These investigations have been
termed the STRESS (Satellite Transmission Effects Simulations) Program,
The primary objective of the program was to define the effects, on
radio-wave propagation, of the ionized barium regions through which
the radio waves were propagated, and to correlate these effects with
observed characteristics. Fundamental to these studies were high-
spatial-resolution measurements of ionospheric electron density structure
within the ionized barium regions and particularly within the striated
portions of the clouds, These investigations were the objective of the

rocket probe measurements program reported herein,

The desired measurements were achieved by releasing barium vapor
from rockets upon attaining altitudes of approximatecly i85 km, The
timing of the releases was such that the region was sunlit, Subse-
quently, as the barium vapor was ionized and developed striations,
additional rocket-borne payloads, equipped with instrumentation to make
fine-scale measurements of electron density, were launched in an effort

to penetrate the striated portion of the ionized clouds. These probes




provided profiles of electron density and fine-scale structure (~1 m)
internal to the clouds as the payloads traversed these regions, and

external to the clouds throughout the remainder of the flights.,

The investigations were conducted from Eglin Air Force Base, Florida.
Twelve rockets were used in the program. Six of these were two-stage,
Honest John-Hydac vehicles equipped for 48-kg chemical (barium) releases
at predetermined altitudes, Six additional vehicles, two-stage Nike-
Hydacs, were instrumented with electron density probes and VHF trans-
mitters, Ground-based and aircraft-borne instrumentation provided
coverage related to vehicle and cloud tracking and radio-wave propagation

effects,

The initial barium release (ANNE) was accomplished in December 1976
as a certification round for program readiness and was not probed for
electron density measurements or propagation effects, Subsequent flights
were conducted during late February and early March 1977, with electron
density probes accomplished for the last three barium releases, After
each barium release, radar and optical tracking (where possible) of the
resulting cloud provided inputs for computer prediction of probe launch
azimuth and elevation for a given launc" cime. These coordinates were
planned to permit the probes to intercept and penetrate the ionizad
portion of the barium cloud., Figure 1 is a scenario of STRESS launches
for a typical barium event, Table 1 is a summary of launches accomplished

during the STRESS program,

11 PAYLOADS--CONFIGURATION AND INSTRUMENTATION
A, general

All of the six payloads for probing the barium ion clouds were
identical, and all were propelled by two-stage Nike-Hydac motors. “he
main payload, illustrated in Figure 2, contained two electron density
measuring instruments, a plasma frequency probe, and a dc probe., Each
of these probes utilized a portion of the l-m-long, 6.35-cm-diameter

nose spilke as their sensing element in contact with the ionospheric
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Table 1

VEHICLE LAUNCH SUMMARY--PROJECT STRESS

Event Launch
Vehicle Name Experiment | Date and Time Remarks
(GMT)
ST610, 31-1 | ANNE Barium 1 Dec 76 Certification
release 2308:37
§$7710,31-2 | BETTY Bar ium 26 Feb 77 Not probed
release 2349:33
ST710, 31-3 | CAROLYN Bar ium 2 Mar 77 Not probed
release 2351:00
ST710, 31-4 | DIANNE Bar ium 7 Mar 77 Probed at R + 15 min
release 358:00 by §.707.51-1
Probed at R + 33 min
by ST707.51-2
ST707.51-1 | DIANNE Probe 8 Mar 77 DIANNE early probe
0014:05 R + 15 min
ST707.51-2 | DIANNE Probe 8 Mar 77 DIANNE late probe
0032:04 R + 33 min
ST710, 31-5 | ESTHER Barium 13 Mar 77 Probed at R + 28 min
release 2258:00 by $T707.51-3
Probed at R + 46 min
by ST707.51-4
ST707.51-3 | ESTHER Probe 13 Mar 77 ESTHER early probe
2327:00 R + 28 min
ST707,.51-4 | ESTHER Probe 13 Mar 77 ESTHER late probe
2344:50 R + 46 min
ST710, 31-6 | FERN Barium 14 Mar 77 Probed at R + 41 min
release 2243:00 ty ST707.51-5
Probed at R + 80 min
by ST707.51-6
ST707.51-5 | FERN Probe 14 Mar 77 FERN early probe
2325:20 R + 41 min
ST707.51-6 | FERN Probe 15 Mar 77 FERN late probe
0003:10 R + 80 min
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plasma, The payload spin axis symmetry and freedom from payload doors
and mechanisms produced a flight unit that was simple, rugged, and
caused minimal effects from wakes or spin modulation in the obtained

data,

In addition to the instrumentation for measurement of ionospheric
electron density, each payload included a Heliflux RAM 5C mangetic-
aspect sensor mounted across the rocket's major axis to provide a
measure of rocket spin and to give some indication of vehicle attitude
and stability, A C-band radar transponder was included to provide a
signal for solid radar tracking, and an S-band telemetry system, opera-
ting at a link frequency of 2251,5 MHz, provided for data transmission
to the ground station, Total payload weight for the probes was 130 lb,
with the main payload weighing 70 1b,

B. DC Probe

The dc probe operates on the principle that the electron flow to
a small, positively charged electrode immersed in the ionospheric
plasma is directly related to the electron density of the plasma.
Figure 3 is a conceptual block diagram of the dc probes used in the
STRESS program, As its sensing electrode in contact with the iono-
spheric plasma, the dc probe uses the foremost segment of the payload

nose spike (see Figure 2) with dimensions as noted in Figure 3,

The cperation of the dc probe is exceptionally simple and is illus-
tratec in Figure 3. The current collected by the 63-cm2 probe electrode
(the forward 4,76 cm of the payload nose spike), which is biased at
+3 V with respect to the rest of the payload, is fed to the electronics
system preamplifier at B, With a finite sensing electrode current
caused by electron flow from the plasma to the eclectrode, the voltages
at C and D are not equal, and the differential stapge amplifies the
difference, giving an output that is proportional to the sensing-
electrode current flow, The output from the differential amplifier is
fed to four amplifiers having gains of xl, xJ9, x100, and x1000 with

the four outputs going to the payload telemetry section,
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C. Plasma-Frequency Probe

The plasma-frequency probe (PFP) utilizes the well established

| relationships between plasma frequency, electron density, and the
reactance of a probe immersed in the plasma to provide a measurement
of electron density.* In the version of the PFP flown in the STRESS
f ) program, a phase-locked loop is used to track the frequency that pro-

duces zero phase angle between RF current and voltage being fed to

the sensing antenna, This frequency of resonance is closely related to

the electron plasma frequency, in Hz:

ezN
£2 = —=2 = 80,6 x 10°N . (1)
N 2 e

4n m,

In the absence of a magnetic field the resonance occurs at this

electron plasma frequency., The effect of the magnetic field is to

*K. D. Baker, E. F, Pound, and J. C. Ulwick, '"Digital Plasma Frequency
Probe for Fine Scale Ionospheric Measurements,' Small Rock Instrumenta-
tion Techniques, K.-I, Maeda, ed., p. 49 (North-Holland Publishing
Co., Amsterdam, 1969).
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shift the resonance slightly higher in frequency to the upper hybrid

frequency:

£, = ‘/fﬁ + fg , where f, = 2;2& . (2)

The phased-locked version of the PFP, which is shown in the block
diagram in Figure 4, utilizes the forward half of the l-m-1iong nose as :
its antenna. The system is designed to sense the zero phase condition
of the antenna impedance at the hybrid resonant frequency and to cause
a phase-locked loop to force the RF oscillator to track the frequency
producing the zero-phase-angle condition, The frequency of the oscil-
lator is digitally counted for 1 ms and forms the data for a digital
plasma frequency readout. Additionally, the voltage controlling the
loop oscillator is monitored to provide an analog measurement of plasma
frequency and loop operation. The digital output provides excellent
accuracy in the measurement of electron density at samples with about
a meter spatial dimension separated in space by the distance the payload
travels in a 16-ms sample period (~25 m). In order to provide higher-
spatial-resolution measurements, a continuous analog channel and
accoupled x10 amplified channel (APFP) were provided that responded
down to fluctuations of about 1 meter scale size, The range of elec-S

tron densities covered by the plasma frequency probe is from about 10
6 3
to 7 x 10" el/cm™,

111 STRESS PROBE FIRING SUMMARY AND GEOMETRY

The electron density probe rockets were flown in pairs into the
last three barium clouds as brietly summarized earlier in Table 1 and
elaborated on in Table 2, which includes a listing of parameters rele-

vant to the description of each flight.

Probe encounters with the barium clouds are described in lable 3,
where entries under ''Probe Residence in Ba Cloud" were determined from

significant electron density enhancements over background as determined

18
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from the in-situ probe results. The age of the cloud is given in
minutes after release for the maximum observed electron density on each
probe flight,

To assist in visualizing the probe/cloud encounter and penetration,
Figures 5 through 9 are conceptual drawings that include the geographic
coordinates of the launches, the vehicle ground track and ..ajectory,
coordinates of the barium release, and subsequent development of the
barium cloud. Probe entry point into the cloud, point of maximum
electron density, and exit point (all from electron density results)
are marked by dots along the rocket trajectory. Rocket apogee is noted

in each figure, as is the track of the barium cloud versus time.

The flight of rocket ST707,51-6 is omitted from these conceptual
drawings because the cloud track on this probe was doubtful, and the
electron density measurements were of limited usefulness, as noted later

in this report (Section 1V).

In viewing the electron density results presented in Section IV of
this report, it is important to consider the velocity of each probe as
it moves through the ion-cloud region. Since the ion-cloud structure
will be aligned along magnetic field lines, perhaps the most important
velocity will be thzt normal to the magnetic field., To aid in viewing
the data, the pertinent rocket velocities for each probe flight are
summarized in Table 4 for the region of the maximum measured electron

density in each case.

IV ELECTRON DENSITY RESULTS

Electron density measurements were attained on all six flights,
The plasma-frequency preobe indicated proper lock onto the plasma
resonance frequency during all regions of interest, with data being
available on both the straight analog channel and the APFP channel., The
digital counter, however, failed at liftoff on all but rocket S$ST707,51-5,
The failure did not negate the probe measurements but did make absolute
electron density values more difficult to ascertain. The repeating

difficulty was attributed to failure of an integrated circuit comparator
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RELEASE

FIGURE 5

ROBE ST707.51-1 Release point of Event DIANNE
is shown along with the visible ;onized cloud track points at R ¢ %, 10, and 15
min. Rocket entty point INto the cloud, maximum point, and exit pont (trom
electron density results) are indicated by the three dots along the trajectory.

YRAJECTORY OF ROCKET P
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NORTH 2y
180 KM
/APOGEE
“d 203 KM

SITE "a-18"
30°* 30

29°*78T°*

FIGURE 6 TRAJECTORY OF ROCKET PROBE ST707.51-2 Release point of Event DIANNE
18 shown ulong with the visible 1onized cloud track points at R + 5, 10, 1§, and
34 min. Rocket entry point into the cloud, maximum point, and exit pcint {from
electron density results) are indicated by the three dots along the trajectory.
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APOGEE

RTH 2195 kM 4
NO P EAST
180 KM — \
RELEASE —\ "~

SITE "a-15"
30° 30

297 \g7e

FIGURE 7 TRAJECTURY OF ROCKET PROBE ST707.51-3 Release pont of Event ESTHER
is shown along with the wisible onized cloud track points at R + 10, 20, and 28
min.  Rocket entiy pomt into the cloud, maximum pomnt, and exit point (trom
election density tesuts) are indicated by the thiee dots slong the trajectoty.




RELEASE

SITE uA_lsu

FIGURE 8

APOGEE
198 KM

TRAJECTORY OF ROCKET PROBE ST707.51-4 Release point of Event ESTHER
is shown along with the visible ionized cloud track points at R + 10, 20, 28, and
46 min. Rocket entry point into the cloud, maximum point, and exit point (from
electron density results) are indicated by the three dots along the trajectory.
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APOGEE
249.2 KM

e

RELEASE

29° 8r*

FIGURE 9 TRAJECTORY OF ROCKET PROBE ST707.51-5 Release pont of Event FERN is
shown along with the visible ionized ctoud track points at R + 10 and 42 min.
Rocket entry point into the cloud, maximum point, and exit point (from electron
density results) are indicated by tne three dots aiong the trajectory.
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Table 4

SUMMARY OF ROCKET PROBE VELOCITIES

Rocket No. ﬁatxifr:fx: Noef Ve Yy ¥h V" s
(kam) (km/s) | (km/s) | (km/s) | (km/s) | (km/s)
§T707.51-1 162 1.41 0.98 1.01 }-1.29 0.58
$T707.51-2 182 1.25 0.62 1.09 }-0.95 0.81
S1707.51-3 177 1.25 0.89 0.88 [ -1.15 0.50
§T707.51-4 173 1.31 0.71 1,10 | -1.04 0. 80
$T707.51-5 171 1,37 1.19 0.68 | -1.34 0.26
ST707.51-6 160 1.41 1.06 0.93 | -1.29 0.56

used to interface the RF oscillator to the digital frequency counter.

In the field, attempts to determine the exact cause of the failure and
to alleviate the problem were not successful, with the possible excep-
tion of probe ST707.51-5, which did give complete results on the digital
channel as well as the analog channel. The cause of the integrated-
circuit failures is still not understood past the fact that it appears
that a high-voltage transient is somehow generated in conjunction with
the rocket ignition that is coupled back through the antenna to the cow-

parator and wipes it out.

The dc probe provided consistently good results on all but the
last flight (ST707.51-6). Some difficulty was encountered with the high
humidity at the launch site, producing leakage currents, but these did
not impair the measurements in the region of the barium cloud except on
rocket ST707.51-6, which did not yield any meaningful data, Data were

obtained on the analog PFP channel but are of limited accuracy.

The electron density profiles are presented below for each rocket
flight,
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A. Rocket ST707.51-1 (Event DIANNE, R + 15 min)

The electron density profile measured on Rocket ST707.51-1 flown at
R + 15 min for Event DIANNE is shown in Figure 10. Also shown for
comparison is the approximate electron density profile of the undisturbed
ionosphere (dashed line) as determined by probe measurements on rocket
descent. A check was also made by comparing the F-region density with
the ground based ionosonde value, It is obvious that the rocket probe
traversed the region of enhanced electron density associated with the
barium ion cloud over the altitude range from about 150 to 180 km. The
g el/cm3
found at 162 km is about a factor of 100 larger than the electron density

peak electron density of the barium cloud layer of 1.4 x 10

at that altitude in the undisturbed ionosphere., The layer is relatively

smooth and devoid of large-scale structure that would be expected if
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FIGURE 10 ELECTRON DENSITY PROFILE, PROBE ST707.51-1,

EVENT DIANNE (R + 15 min)
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cloud striations had been penetrated, The layer has a width at half
amplitude of 10 km in vertical extent, which would correspond to a move-

ment of the rocket probe of 6 km across the terrestrial magnetic field.

B, Rocket ST707.51-2 (Event DIANNE, R + 34 min)

Rocket probe ST707,51-2 was flown in Event DIANNE about 19 minutes
after ST707.51-1 and just penetrated the edge of the ion cloud, as can
be seen in the profile presented in Figure 11, The peak density found
was the same as that found by the earlier probe (1.4 x 106 el/cm3), but
the penetration was at the higher altitude of 182 km, The sharp feature
at 182 km has an electron density about two orders of magnitude over

the ambient density and is imbedded in a broader region of enhanced

260 T II[II]I' 1 ||nnl =T 11||ml 1T
240 |— -
220 p— —

20 = NDISTURBED
F-REGION Y
/7
180 —

1680 r—

ALTITUDE — km

140 p—-

100 p— ]

% el 1Jllm|L_|_u_|_u,u‘

103 10‘ 105 106 107
ELECTRON DENSITY — elfem®

FIGURE 11 ELECTRON DENSITY PROFILE, PROBE ST707.51-2,
EVENT DIANNE (R + 34 min)
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density more of the shape of the profile found on ST707,51-1, but with
less density and at a higher altitude, The apparent higher altitude of
the layer 1is due to the late penetration of the cloud since the rocket
flew to the north of the cloud (see Figure 6), The sharp finger rises
above the broader region by about an order of magnitude. The finger has
a width (half amplitude) of about 1.5 to 2 lm in extent either vertically

or normal to B,

C. Rocket ST707,51-3 (Event ESTHER R + 28 min)

The electron density profile measured on prob: rocket ST707,51-3,
which penetrated the barium cloud ESTHER at about R + 28 min is shown in

Figure 12, The profile is smooth, showing no large-scale structures or
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FIGURE 12 ELECTRON DENSITY PROFILE, PROBE ST707.51-3,
EVENT ESTHER (R + 28 min)
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evidence of cloud striations, The sharp peaks in the B region are
sporadic E layers not associated with the barium release. The layer
has a peak electron density of 7 x 10° el/cm3 at 177 km with a width
(half amplitude) of 24 km, At the peak of the layer the density is
enhanced over the ambient (determined by rocket descent) by nearly an

order of magnitude.

D. Rocket ST707.51-4 (Event ESTHER R + 46 min)

The second probe rocket (ST707.51-4) flown into barium cloud ESTHER
at R + 46 min penetrated the ion cloud and produced an electron density
profile (Figure 13) that showed large-scale structures in the 165-to-
175-km region embedded in a general layer similar to the layer probed
by rocket ST707.51-3, The observed layer was moved down from the
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FIGURE 13 ELECTRON DENSITY PRGFILE, PROBE ST707.514,
EVENT ESTHER (R + 46)
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earlier 177 km height to being centered at about 170 km. The peak
electron density of 5 X 106 el/cm3 at 173 km shows an enhancement of

about two orders of magnitude over the normal ionosphere.

The entry of the rocket probe into the striated cloud region is
consistent with the cloud geometry as determined from electron density
contours furnished by SRI from the ground-based radar returns (courtesy
of Victor Gonzales) (due to the ambient light level, no optical images
of cloud and striations were possible)., An expanded version of the
electron density structure as theprobe penetrated the striated region
is shown in the time plot of Figure 14, This plot shows the electron
density from T + 140 to T + 160 s of probe rocket flight time. This
includes all of the striations penetrated by the probe in the altitude
region between 163 and 178 km. For discussion, the striation fingers
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FIGURE 14 REGION OF ELECTRON DENSITY STRIATIONS MEASURED
FROM T + 140 TO 160 s (163 TO 178 km) BY PROBE
ST707.51-4 (ESTHER R + 46 min). The density stristions
sre numbered to aid discussion.

93

i+

oy



ELECTRON DENSITY — eifem®

have been numbered, The features have varying widths (half amplitude)
from 0,17 s (feature 9) to 2,45 s on feature 7, Note how some of the
fingers--notably 3 and 6--have very fast fall times (about 20 ms),
Figures 15 and 16 show a further magnification of portions of the
striated regioi: to facilitate a better visualization of the structure

shapes,
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FIGURE 15 MAGNIFICATION OF ELECTRON DENSITY STRIATIONS MEASURED BY
PROBE ST707.51-4 SHOWING FEATURES 5, 6, AND 7

Relating the observed variations to spatial-feature geometry is
not simple, since the cbservations represent a single path cut through
the spatial structure, The observations of the striation features
(fingers) are summarized in Table 5, As a first attempt to relate the
observations to spatial structure, the dimensions of the features across
magnetic field lines are given by utilizing the component of the rocket

velocity perpendicular te the terrestrial magnetic field (260 m/s). The
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FIGURE 16 MAGNIFICATION OF ELECTRON DENSITY STRIATIONS MEASURED BY
PROBE ST707.51-4 SHOWING FEATURES 8, 9, AND 10

total rocket velocity at this time is about 1370 m/s, so all dimensions
would be increased by about a factor of 5, as measured by the actual
rocket probe cut through the structures along the flight path., 1f the
velocity normal to the Vn - E x E/B2 direction (345 m/s) were used, the
features would be 307 larger than given in Table 5. The peak density
(feature 7) of 4.7 x 106 el/cm3 is a factor of 6 larger than the valley
following it, After the last structure (feature 10) the density falls
from a value of 3.5 106 cl/cm3 over an order of magnitude in about

10 m travel normal to E.

E. Rocket ST707.51-5 (Event FERN, R + 42 min)

Probe $T707.51-5 penetrated barium cloud FERN at R + 42 min, giving
the electron density profile of Figure 17, The probe entered the

96

Al e i gl il Ml

Py

IL



260 T llllllll T |1|||u| ] l||1|u| T 1T T
20 }— —
220 }— —
200 — UNDISTURBED / =

F-REGION

180 p—

ALTITUDE — km
8

140 p—

120 p—
00 f— -

~ llJlllllI 11111111] lllllllll L luw

10 10! 105 108 10’

ELECTRON DENSITY — eljem®

FIGURE 17 ELECTRON DENSITY PROFILE, PROBE ST707.51-5,
EVENT FERN (R + 42 min)

enhanced region due to the cloud at 130 lm, indicating that the effects
of the cloud extended well down into the E region. The enhanced region
extended on the high side to over 200 kn, The main electron density
layer showed a broed peak of 13 x 105 el/cm3 at adbout 150 km, and showed
a relatively smooth profile up to about 170 km when structures appeared
giving evidence of passing through a striated region of the cloud. This
region of striations persists until the electron density appears to
return to the normal F-region values at about 210 km, The region of
striations is shown in the time plot of Figure 18 to allow a better

visualization of the structure of the striations,
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FIGURE 18 REGION OF ELECTRON DENSITY STRIATIONS MEASURED BETWEEN 170 AND

210 km BY PROBE ST707.51-5 (FERN, R + 42 min)

F. Rocket ST707.51-6 (Event FERN R + 80 min)

No profiles are presented for probe $1707,51-6, since the clectron
density measurements were of limited usefulness, The enhanced region of
electron density associated with the ion cloud was observed and extended

over a large altitude range from about 112 to over 200 lm.,

Table 6 is a summary of the STRESS probe results,

V SPECTRAL ANALYSIS OF THE ELECTRON DENSITY VARIATIONS
A, General
This section concerns the examination and comparison of the spectral

analysis of the variations of the electron density results that were
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presented as height profiles in the previous section. These data

are presented in two subsections, dealing with short-wavelength charac-
teristics (less than 50 m) and long-wavelength characteristics (greater
than 50 m). Only the lorg-wavelength results will be presented here.

The dc probe results from xl1 gain range (IRIG channel 20) were utilized,

With respect to the long-wavelength characteristics, preliminary
calculations have shown that only the rockets that penetrated the
striated barium regions exhibit spectral distributions that increase in
amplitude at these wavelengths (and only in the striated regions)., For
rocket ST707.51-4 (ESTHER), the striated region is from 140 to 160 s
rocket flight time, corresponding to rocket altitude from 165 to 178 km,
For rocket ST707,51-5 (FERN), the striated region is from 120 to 160 s
rocket flight time, corresponding to rocket altitude 169 to 210 km,

B, Long-Wavelength Characteristics

The power spectrum shown in Figure 19 was obtained over the time
interval from 140 to 153 s of rocket ST707.51-4 (ESTHER) utilizing the
dc probe x1 data., These data were decimatecd by averaging together 16
points and detrended by fitting to a polynomial of degree 3, Note the
uniform slope between 0,2 and 50 Hz, Figure 20 shows the power spectrum
for rocket ST707.51-5 (FERN) in the striated region. The data were
decimated by averaging together 80 points and detrended by fitting to a
polynomial of degree 3, These results are very similar to Figure 19,

with the slope not quite as steep, however,

VI SUMMARY AND FUTURE EXPERIMENTAL DIRECTIONS

A, Summary

We have measured late-time striations in barium clouds and found
their development to be in excellent agreement with the computer codes
developed by the group at NRL, For example, they predicted the wave-
number power-law index to be in the range -2 to -3, which compares

favorably to the observed index cf -2,16,
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A phase analysis of the data indicates that modeling the structures
with an anisotropic power law, as typically done in existing scintilla-
tion calculations, may not properly take into account the physical
structure of the irregularities, The power law results from nonlinear

steepening of the large-scale structures and not from plasma turbulence,

The results are remarkably similar to the bottomside instability
in naturally occurring equatorlal spread-F. This implies that the non-
linear development of the two phenomena is identical. We also suggest
that the E x B instability at times is more important than collisional

Rayleigh-Taylor processes in hottomside cquatorial spread-F,

A bandlimited short-wavelength instability operates in the portion
of the cloud undisturbed by the striation process, No viable theory
has been identified for this process., Depending on the direction of the
wave vectors, such irregularities may have strong effects on VHF and UHF

radars propagating through such a medium,

B, Future Experimental Directions

It can safely be said that the major process affecting large-
plasma-cloud development in the midlatitude ionosphere is well under-
stood theoretically and that the theories have been checked in detail
by experiment. Devz2lopment of such a cloud at high latitudes may be
significantly modified, however,

The major difference of importance is the large ambient electric
field at high latitudes, The linear growth rate will, of course, be
higher by a factor of ten (for E = 50 mV/m, which is not atypical),
This may just decrease the time for full nonlinear development, It
seems likely, though, that modest amplirude structures will peel oti
the edges of the backside &nd flow in the E x B direction. Since this
ambient flow is east-west, this will lead to an elongated curtain of

irregularities stretching across the sky upstream from the cloud.

Other processes at high latitudes may affect the cloud development,

Velocity shear instablilities may play a role, as may feedback from




enhanced cold plasma density onto particle precipitation on the same

field lines, and the existance of ambient irregularities,

As in the midlatitude STRESS experiment, a detailed contrulled
experiment at high latitudes may yield important insights irto the
processes that create the irregularities in the natural disturbed

F-region at high latitude,
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SATELLITE LINK MEASUREMENTS
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J. M. Marshali

ESL Incorporated
Sunnyvale, California

I INTRODUCTION

This paper is a summary of various topics of interest in the
ongoing satellite link data-reduction effort. Other satellite link
%*
data-reduction information has been published earlier, and results of

further data reduction will appear in future reports.

The following sections discuss the topics of systems effects
data, downlink hop frequency-selective measurements, pancaking of
scintillation effects, a back-propagation example, and ESTHER back-
propagation results. This section closes with some summarizing obser-

vations.

Efforts to date have been primarily devoted to processing and
reducing the available data. The link measurements utilized advanced
channel probing techniques--e.g., the uplink tone measurement of
amplitude and phase through the hard-linited l-bit sampling report-
back channels, and the time-varying channel transfer function
measurement using the downlink-hopped forward message. Since the

data from this experiment are the first of their kind, considerable

learning experience of how best to process it has been acquired. Future

*
C. W. Prettie, et al. "Project STRESS Satellite Communications Tests
Results," Report No. AFAL-TR-77-158, Air Force Avionics Laboratory
(July 1977).
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efforts will be directed toward assessing these data and their

implications for satellite communications.

The preliminary results of the communications tests uphold system
effects predictions. The performance cf the coded/interleaved LES-8/9
forward link was mostly as expected, showing a 6-dB loss at the 507
average error rate. It was noted that improvements could be made of
the synchronization scheme utilized by the modems to give it a better

capability for performing through nuclear fading environments.

Theoretical results of software simulation of the sea multipath
spatial-diversity concept have been obtained. These results indicate
that potentially 5 dB of the 6-dB fading performance loss can be
recovered through the use of a diversity combiner and a bottom blade

antenna (Figure 1).

lhe propagation results uphold numerical angular-spectrum techniques.
These techniques were used in the back-propagation orocessing of amplitude
and phase data, and the behavior of scintillation index was as expected.
Some selective features have also been observed in the channel transfer
function. While these features do not indicate a strong decorrelation
in the passes reduced to date, they do indicate some decurrelation. The
passes parallel to the field lines indicate that it is difficult to
obtain fades below 75 dB lasting for durations as long as the 4.4-s

message lengths.

The fading results indicate that barium structure persists for
hours. Apparently, effects are predominantly diminished by a lessening
of the integrated content through the effects-producing regions. The
back-propagation processing indicates that the frozen-in approximation
is applicable to the barium structure, as expected. Phase power spectra
indicate structure; phase power spectra have 30-to-50-dB/decade slopes.
Early implications are that these slopes are insensitive to the age of

the cloud.

11 SYSTEMS EFFECTS RESULTS

Message throughput rates for FERN and DIANNE have been calculated.

The values have been carefully lined up with fading intervals and
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ad justed allowing for antenna gair differences from pass to pass.

Results for Riyleigh-like fading passes during FERN and DIANNE have

been plotted on the previously obtained Rayleigh throughput performance
for ESTHER, with good agreement. A loss of about 6 dB at the 507 message
error rate is indicated. While the gross behavior of the data is as
expected, minor discrepancies have occurred at the higher and lower

throughput rates that require further assessment.

Also analyzed have been the channel quality indices. These numbers
are related to the number of errors in each message. A good handle
on the detailed form of the relationship between channel quality and
symbol errors has been obtained; however, the data have not been assessed
to date. These data will give information on the error rate into the de-

coder and on the code efficiency.

IIT FREQUENCY SELECTIVE FADING

Our investigation of the frequency-selective properties of fading
through the barium cloud have just begun. To date only one fading pass,
Pass 8 at R + 50 min for Event DIANNE has been examined. The fading on
this pass was quite intense, as shown in Figure 2. Figures 2 and 3
were constructed from the downlink hopping signal. The hopping band
was divided into eight frequency bins of which the sixth bin from the
low cnd of the band was plotted. A comparison of Bin 6 with Bin 7,
cach of which spans approximately 500 kHz, shows a surprising deprec of
difference between the two bins during deecp fade intervals. Figure 3
shows the fading observed in hopping Bin 7, wiich can be compared with
Figure 2. Note, for instance, the Jditference in fading around 21, 25,

and 27 s.

A movie was made of the received hopping signal amplitude versus
trequency for twe deep fades, cach lasting approximately 1 s, While
the data are ncisy and need to be further processed, they do show cer-
tain trends. Figure %4 and 5 show the most radical sclective fading
during the first interval. These plots consist of ecight frequency hops,

cach hop of 5 ms duration; thus, the cight points shown span 40 ms {r.
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time. The hopping bandwidth was divided into 256 intervals to make
these plots; the eight larger divisions shown are approximately 500 kHz
in width. Figure 5 shows the next 40-ms interval of time for the fade
interval shown iu Figure 4, and illustrates the degree of correlation
in the measured channel transfer function. Figures 6 and 7 show the
most radical selective fading during the second fade interval. Each
figure consists of a different 40-ms set of eight frequency-hop data

points.

Considerably more work needs to be done before drawing any major
conclusions from these data. Again, this frequency selectivity is
observed only during the deep fades. The implication is that the
4-chip frequ ‘ncy-hopped error-correction code used on the LES-8 and -9
could be mauce more effective by increasing the code word length and by
widening the hopping pattern. However, these features of code design
that maximize gain during selective fading must be traded off against

the desire to minimize acquisition time and code complexity.

IV LATE-TIME PANCAKING OF SCINTILLATION EFFECTS

The projection of ionized barium cloud from the direction of
LES-9 or LES-8 satellites onto the ground presented a rather large tar-
get through which the aircraft was to be flown. Based on calculations
performed by Dr. Ralph Kilb of MRC following the ANNE release, indica-
tions were that by an hour and a half after release an ifonization
density of approximately 106 el/cm3 would exist from ~135 to ~190 km in
altitude along a field line. Rocket probe data taken during FERN bears
out Kilb's calculations at least qualitatively; however, scintillation-
effects data exhibit, the some degree, a stronger altitude dependence.
Prior propagation calculations show that scintillation effects for a
nominal barium cloud with a peak striation density of 106 el/cm3 at
the 250-MHz downlink frequency would approach Rayleigh amplitude sta-
tistics. Thus, the a priori expectation was that strong scintillatiom
vffects would be obtained over at least 55-km extent along the field-

line projection. The flight plan called for flying transverse to this
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field-line projection and occasionally a flight route down the field
lines to look at the slow variation in the diffraction pattern along

the field lines.

It was noted throughout these tests that at late times (~1.5 hours)
it was difficult to fly the aircraft on a route that would produce
strong fading on the received signal. The total altitude extent along
a projected field line over which strong fading was observed was 15 to
25 km, not the 55 km expected. The optically visible structure extended
more than 60 km during the visible windows throughout these tests. An
unanswered question at this time is, why were scintillation effects

noted only over such a small altitude extent?

Figure 8 is a plot of the aircraft ground track during Event BETTY
from 0106Z to 01482, approximately R + 1.5 hr, Also shown on the ground
track is a description of the fading intensity observed. Shown for a
relative size comparison 1is the shadow that the ANNE barium ion cloud
would have made for the LES-9 satellite geometry during Event BETTY.

It was noted that for the third pass shown during the period from 0118Z

to 0120Z there was reasonably well developed deep fading, but on the

prior two passes no significant fading was observed. These fading
patterns show a consistent pattern when corrected for the cloud drift
velocity obtained from the FP5-85 radar track, as shown in Figure 9.

The projection of the field line from LES-9 is shown. The small circle

is at the indicated track altitude, which was relatively constant during
these passes; the ground projection point followed a smooth path, indicat-
ing that the radar track point had not changed its relative position
within the cloud. The fading pattern shows that only a few dB of fading
was observed on the pass of the afrcraft through the 164-km altitude

on the field line through the cloud-track point determined by the radar.
However it is possible to see that the aircraft had flown through tne {on
cloud shadow. The transmission frequency was ~340 MHz. The fading

record {s shown in Figure 10. The pass of the aircraft through the 171-km
altitude on the radar track field line produced cnly a few 10-dB fades,

as shown in Figure ll. The pasc through 174-km altitude (Figure 12)

shows a few more deep fades to 15 to 20 dB depth. The pass through 178 km
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altitude shows a well developed Rayleigh fading pattern (Figure 13), ;i
while the pass through 189 km altitude (Figure 14) shows no fading, {4
although there is a 1- or 2-dB fluctuation in the signal that was
commonly noted when the aircraft was flying through the ion cloud
shadow. The corresponding phase records all show four or five 2n radian
phase accumulation as the aircraft passed through the shadow. However,
these phase records need to be processed further to quantify the actual
phase patterns and total amount of phase change for each pass. The
total phase change is not necessarily available from these records; ,
it appears that the time interval processed and shown here did not in

all passes span the entire pass through the cloud shadow. It is plannezd

to completely process this data in the near future.

Figure 15 shows the next consecutive two passes, which were

essentially parallel to the field-line projection. Because it is
difficult to fly dowr a deep fade, it is difficult to determine much
about the altitude dependence of the fading from such a pass. Nonethe-
less, the pattern obtained appears consistent with the motion of a
restricted altitude dependence for the fading. The intense fading in
the upper left corner apparently well back in the ion cloud is consis-
tent with the patch noted in Figure 9. Again the apparent extent along
the field line is ~15 km. It should be noted, however, there is some
room for error here. Around 0134Z the radar track appears to wander
back into the ion cloud, as evidenced by the northward motion of the
ground projection point; also the altitude of track changed. The

ad justed ground track was obtained by using the average velocity and
direction from the preceding 20-minute track interval, which was

approximately 50 m/s in a southeasterly direction.

During Event ANNE therc was an indicaticn of late-time cffects
pancaking to a limited altitude region, but the limited Jata made it
Jifficult to draw conclusions. Nonetneless, this question was raised ' |
during the Pre-STRESS data review meeting. The two passes, one at
0036Z, and the other connecting with it but down the field lines start-
ing s#bout 0042Z, provide the best indication as shown in Figure 16. The
strong fading effects apparently span approximately 25 km at about R +
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90 min. Still later, if we can trust these data in spite of “he cloud

tracking difficulties, the effects appear to span 10 to 15 km in altitude.

CAROLYN shows similar results at about R + 1 hr 20 min (Figure 17).
Here the effects of strong fading are clearly confined to a 10-to-15-km

altitude range.

A discussion of the late-time pancaking of effects during Event
DIANNE is deferred until Section V, below, which discusses the reasons
for the premature loss cof scintillation effects. The data show that
significant fading at late times spans at least 15 km and not more than
25 km in altitude. Figure 18 shows the fading at early times from the
first development of the striations during DIANNE. The first two passes
clearly show strong fading over approximately 10-s intervals as the
structure develops. These two passes span 20 km in altitude; thus, the
extent of effects clearly exceeds this at early times. Subsequent passes
continue to encounter strong fading and indicate how easy it was to ob-

tain strong fading at early times.

Event ESTHER has not yet been examined for the pancaking effect.
It appeared to be easier to obtain strong fading during ESTHER. The
ESTHER data will be examined to see if this event was different in any
way. It is possible that the radar was tracking more consistently and
the aircraft positioning was better than during the other events, or
that the magnetic aspect angle of the propagation paths made the results

insensitive to altitude effects.

Figure 1Y shows the adjusted aircraft ground track during the opitcal
tracking interval of FERN from 0007Z to 0046Z. This interval is
around R + 90 min. The extent of strong fading along the ficld lines
appears to extend over 35 to 40 km i{n altitude, based on the longitudinal
pass data, but this does not appear to be supported by the transverse
pass data, which show less than 30 km extent. Again, {t {s difficult to

draw conclusions from the longitudinal passcs.

Around 0046Z the optics track ccased and the aircraft was sent to

determine what, {f anything, the radar was tracking (Figure 20). The

121

-




kvl AR

A e S T Ty

R~ 2311:4%2

VIOLENT FADING
STRONG FADING
SOME FADING .

o O o »

VERY LITTLE FADING ?

F
4
FIGURE 16 ANNE ADJUSTED AIRCRAFT GROUND TRACK, 00352 TO 01202 (approximately
R + 1 hr 45 min)
R - 2382:10
é
w
\®
$ <o
A VIOLENT FADING
& STRONG FADING .
C SOME FADING
O VERY LITTLE FADING ;
FIGURE 17 CAROLYN ADJUSTED AIRCRAFT GROUND TRACK, 00562 TO 01412 1
(spproximately R ¢+ 1 hr 20 min) %

122




IN TRACK ALTITUDE
A VIOLENT FADING
8 STRONG FADING

C SOME FADING

O VERY LITTLE
FADING
1ON SHEEY @13MR FPS-88 TRACK Y.

SLIDING BACK INTO 10N CLOUD

CLOUD APPEARS TO STOP MOVING

01000110

FIGURE 18 DIANNE ADJUSTED AIRCRAFT GROUND TRACK AT EARLY TIMES,
00092 TO 00372 (approximately R + 20 min)

OPTICAL

TRACK

A VIOLENT FADING

8 STRONG FADWNG

€ S0ME FADWNG

O VERY LITTLE FADING

FIGURE 19 FERN ADJUSTED AIRCRAFT GROUND TRACK DURING OPTICS CLOUD
TRACK, 00072 TO 00462 (spproximately R ¢+ 1 hr 45 min)

123




flight route took the plane essentially on a line down the field lines
connecting the optics and radar track points. The projecting of the

145-km altitude contour of the ion cloud as seen by the radar is shown

for comparison. Along this flight route a we.l developed 10 dB fade
lasting 30 s was encountered. The strong fading would cover approximately
40 km in altitude. The diffraction pattern obs:rved was similar to that
noted during the early development of barium cloud. That is, the onset

of effects was very abrupt, as was the cessation of effects. Because of
the short frding interval and a limitation on the flight time of the air-
craft, tha test was terminated around ~ 0110Z. Despite the optical pictures
of the cloud, which show it covering a vast region of the sky, only a small
portion appeared to be structured with sufficient intensity to produce fad-
ing at 340 Miz.

The data presented here leave many questions. It would be good to
further process the data discussed to obtain more quantitive rezults on
this pancaking effect. It would be good to resolve any unforeseen physi-
cal processes involved and, likewise, it is important to understand this

problem should a similar experiment ever be attempted.

V PREMATURE LOSS OF FADING EFFECTS

Throughout these tesis the radar tracked the region with the highest
apparent average electron density. The center of this region was projected
down to the aircraft altitude al-:g a line from the LES-9 to LES-8 satel-
lite. At late times it was clear from the observed fading that this region
was northwest of the most intense structure. 1In fact, it {s believed that
for ANNE, BETTY. CAROLYN, DIANNE and to a lesser extent FERN the loss of
scintillation effects at late times was a result of the radar truck point
moving back into the relatively lightly structured (or unstructured) ion
cloud. That is, the apparent loss of fading was not due to the disappear-

ance of the structure.

Figure 21, showing thz fading during DIANNE, is a particularly good
example. Around 0!00Z the radar track was indicating that the cloud had
nearly stopped moving. This was preceded by a 20-lm drop in the cloud
track altitude around 0040Z. When the fading pattern is plotted

124




VIOLENT FADING
STRONG FADING
SOME FADING

VERY LITTLE FADING

o 0O & >

FIGURE 20 FERN ADJUSTED AIRCRAFT GROUND TRACK DURING RADAR CLOUD
TRACK, 00462 TO 01102 (approximately R + 2 hr 15 min)

A VIOLENT FADING

8 STRONG FAOING

C S0ME FADNG

O VERY LITTLE FADNG

TRACK WANDE RS @ 00382

FIGURE 21 DIANN ADJUSTED AIRCRAFT GROUND TRACK, 00422 TO 01172
{appto. nately R ¢ 1 M)

125




relative to the radar track point, the pattern shown in Figure 21 results.
Note that first (~0050Z) intense fading is encountered fnllowed by

strong but less intense fading on the next pass (0054Z). This pattern

is repeated on the next two passes (~0100Z to 0109Z and 0109Z to 01142).
However, these passes vere moving to the southeast of the radar track
point. The following pass was back through the radar track point and
produced no significant fading; that was the last fading observed during
Event DIANNE. The combination of a restricted altitude zone through
which fading effects occur and the migration of the radar track point
back into the ion cloud away from this structure resulted in the appar-

ent loss cof fading effects at R + 1 hr 15 min.

If such a test were ever to be repeated, it would be better to
determine from the radar during a stable track period the average drift
velocity and direction, and from the aircraft when strong fading is
observed; then the region of strong scintillation effects should be
tracked by updating the position of the strongest fading throughout
the lifetime of the experiment and assigning the velocity vector to

tnis position.

While more passes at differing altitude crossings are needed,
these DIANNE data also indicate that the significant fading spans at
least 14 kn and not more thar 25 km in altitude.

VI DACK-PROPAGATION EXAMPLE

This section discusses back-propagation of uplink tone data from
ESTHER Pass ll. Two {mportant points are noted:
(1) The phase at the ground is not proportional to the inte-

grated content of the cloud; diffraction effects alter
{ts form somewhat.

(2) The power spectrum of the phase a: the ground has a
shallower slope than the power spectrum of the phase
at the cloud (integrated electron content).
Figure 22 shows the behavior of the scintillation index of the field

obtained during ESTHER pass 1l as th¢ fleld is tack-propagated. Note
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the minimum near 150 km. This distance represents the distance to the
center of the barium cloud propagation disturbance when the proper
aircraft cross-striation velocity is entered. A 200-m/s velocity hacs,

in fact, been entered for utility--a number somewhat lower than the
actual value. Adjustment of the SA minimum distance obtained with the
200-m/s velocity, in order to achieve a physically significant number, is
possible by modifying the 150-km number by the square of the ratio of the

exact velocity to the assumed velocity.

Figures 23 through 28 show the field amplitude at the ground and
at propagation distances of 100, 140, 150, 160 and 200 km, respectively.
The 54 of Figure 22 was measured over the seconc and third records of
the four records denoted by the upper abscissa. The 100-km case is
close to the distance where the Sa exceeded unity (attaining a value of
1.2). Note the strnng focuss.  obtained in this region, as would be
expected from this SA behavior. The 150-km case is not devoid of
amplitude fluctuations. 1In addition to the fluctuations present
because of noise, some diffractive fading remains. The fading may be

due to the effects of the cloud thickness along the propagation path.
This length tended to be large (15 km or more) during ESTHER and FERN.

Figures 29 through 34 show the phases associated with the amplitudes
in Figures 23 through 28. Note that as the back-propagation distance
increases, the phase becomes narrower in extent and smoother until the
scintillation minimum is reached. Note also that the phases at 140,

150, and 160 km are very similar, indicated that the measurement of the
integrated content fluctuation is insensitive to the exact back-

propagation distance.

Figures 35 through 40 show the power spectra associated with these
phases. Note that the spectrum measurement has a noise floor of -26 dB
and a processing filter cutoff at 10 Hz. The spectra are obtained by
power sveraging the four linearly detrended records, divided according
to the upper &bscissa on the phase plots. For presentation purposes,
the power-spectra abscissa is divided into 60 bins of equal length. If
more than two points fall into a bin they are power-averaged and connect-

ed with the next bin by a straight t1ine. If two or fewer points fall
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in a bin the points themselves are plotted. This method of presentation
mechanizen eyeball averaging of 3spectrum power (at the risk of blurring

single-frequency spike phenomena).

Observe that phase spectra at 140, 150, and 160 km are steeper
than the phase spectra at the ground, The latter have a 30-to-40-dB/
decade roll-off in ;tace of the a20 dB/decade roll-off observed at the
ground. The significant change in slope implies the important fact that
back-propagation must be used to get reliable information concerning the

behavior of the power spectra of the integrated content.

Comparison of uplink tc¢ne and downlink tone-back propagation data
shows good agreement. 3hown in Figure 41 is the downlink probe phase
for ESTHER Pass 18 at the ground and at the back-propagation minimum.
Shown {n Figure 42 is the uplink back-propagated phase. The agree-
ment between the data is good; corresponding integrated electron content
structures can easily be {dentified. Thus, back-propagation techniques

appear to be successful.

VII EVENT ESTHER BACK-PROPAGATED DATA

Back-propagated uplink tone data have been recently obtained for
ESTHER. Analyvsis of this time history of the structure {s possible by
investigating the behavior of the phase of the back-propagated field.

Preliminary investigation of these data reveals four claises of
phase structure (Table 1). Earlv-time phase structure resembles a
Guasgrian structure, often with one edge steeper than the other (Figure
43, This type of structure was scen until Pass 2 (2332Z), at and
bevend which time striations were observed. The striation cloud re-
mained contained in what appeared to be a single cloud until at least
C530Z. By Pass 28 (01132), however, a break-up of the region of
striation ceffects was noted. During the period in which the striations
remained contained (23322 to 001))Z and slightly after), two different

classes of phase structure were roted. The first class showed well

pronounced striations as seen in Passes 6, 8, and 17 {n Figures 44, 45,
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and 46, respectively. The second class of phase structure showed less
pronounced striations superimposed upon a triangular shaped background
as seen in Passes 7, 9, ll,and 18 in Figures 47, 48, 32, and 42,
respectively. Data from late-time passes such as the downlink data for
Pass 32 in Figure 49 show breakup of the structure, in this case into

three apparent clouds.

The peak phase of the back-propagated cloud gives a measure of the

integrated content, Figure 50 shows the time history of this value.

Its steady decay could conceivably be associated with a volume expansion

of the striated region.

The power spectra of the back-propagated phases seen in Figures 44
through 49, 32, and 42 are shown in Figures 51 through 57, 38, and 58,
respectively. Note that no distinct trend is obvious in the behavior
of the roll-off slope, as tabulated in Table 1. Slopes with values

from 25 to 55 dB/decade are observed.

The back-propagation minimum distance when corrected for aircraft
velocity is shown in Table 1. The corrected values are consistent both
wich the class of feature observed and with the aircraft trajectory
altitude on the field line through the track point. This consistency

supports the frozen-in assumption used to obtain back-propagation

distances.
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I INTRODUCTION

One of the objectives of the radar tracking experiment was to acquire !

electron density data from barium ion clouds so that a description of the

electron density distribution in space and time could be given. This

paper describes the progress made to date by SRI in the analysis of the

acquired data. The general behavior of barium clouds obtained from real-

time analysis, such as motion of the ion cloud and variation of maximum

electron density as a function of time, has been presented in previous

SRI work.* Although these results can be reviewed and improved, the ef-

fort reported on here consisted of further analysis of the detailed data

rather than a refinement of the previous work.

A necessary step before analyzing the data is the calibration of the
radar, The calibration procedure is divided into two parts; the first
part is the conversion of received signal samples into received power
levels (on a relative scale), and the second part is the conversion of
the received power levels into electron densities. The first part of
this calibration was discussed in detail in an earlier technical report.*
Previous to recording data, the results of the first part of the calibra-

tion were applied in the field, in real time, to the numbers read into

*V. H., Gonzalez, "Radar Tracking of Ion Clouds," Interim Technical Report
1, Project STRESS, Contract DNAOOl-76-C-0341, SRI International, Menlo
Park, California (July 1977).




s

the computer, Thus, the recorded detailed data we have now are a measure
of power received, in arbitrary units. The second part of the calibra-
tion is treated in Section II of this paper, which starts with some basic
pertinent formulations and then explains the use of the ionosonde data to
obtain a simple functional relation that relates our recorded data (re-

ceived power) to electron densities in space.

After the calibration procedure is completed, the detailed analysis
of the data is begun. The objective of this analysis is to describe the
spatial distribution of electron densities at specific times so that cor-
relation with results of related experiments can be made. The related
experiments of interest are the probe rocket measurements, the use of
the satellite-to-airplane communication link, and the photography. Sec-
tions II1 through V of this paper describe the analysis.

Detailed descriptions of Events ESTHER and FERN are presented in
the form of equidensity contours in horizontal planes, The times at which
the orobe rocket was flown received special attention. Analysis was con-
tinued for the FERN ion cloud, to find information abcut its motion and
to correlate the measured electron densities with observable features in

photographs,

The spatial description of a Ba-ion cloud as obtained by use of the
equidensity contours can be considered merely as a rool to address more
significant problems; solutions to these problems in turn would be useful
to the understanding of the physicai processes that determine the develop-

ment of the ion clouds.

11 RADAR ECHOES FROM FREE ELECTRONS--RADAR CALIBRATIUN

Consider a point in space, to be called X, and a voluae clement

around it, The radar radiates power P_, which would produce a power

T
density PT/(hnrz) at X {f the antenna was isotropic. The flux density
is modified by the gain of the antenna, GT(X). in the direction of point

X as seen from the radar. Thus, the power density at X s

1

4Ny

3 GT(X) c (1)
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If the propagation conditions are not uniform, focusing or defocus-
ing may occur and the power density at X may be modified by a factor,
F(X), which is a function of the propagating medium between the radar
and the point under consideration {F(X) = 1 under uniform condikions].

Thus the power density at X can be expressed as
P(X) = ;E GT(X) F (X)

where the constant KT includes power-transmitting efficiency of the
radiating system, the proper physical constants, and the unit conver-
sion factors.

The radar cross section of the electrons in the elemental volume

around the point X is:

dT(X) = oeuc()() dv (2)

where o, is the cross section of a single electron and Ng(X) is the elec-

tron density at X, uniform within the volume element dV,.

The power intercepted and scattered by the element dV is the product
of the power density P(X) and the cross section dI(X). The fraction of

the scattered power received by the antenna is

A (X)
eff — F(X) 3)
4net

where Ae(f(x) is the effective area as a function of the direction of X
as seen from the antenna, and F(X) i{s the same enhancement factor that
occurs in the transmitting propagation path (the propagation medium has

a reciprocal property).

1f receiving gain, GR(K), {s used instead of effective arca, then

the power received from the element of volume dV is

G..(X) G, (X)
ar, = K -T-—,L F2(X) N(X) Qv (4)
R
1sS
i e e




where the new constant K includes KT as well as the conversion factor from

effective receiving aperture to gain (lebﬂ). the efficiency of the re-

ceiver, and all of the appropriate numerical constants.

It is at this point that we should introduce a coordinate system
for the poiii.  that is appropriate to a phased-array radar, This co-

ordinate system will be the phased-array coordinate system shown in Fig-

ure 1, which consists of the two angular coordinates, u and v, and the

Ak iad MG el sl e b

range coordinate R. In Figure 1, z is the boresight direction (normal
to the surface of the antenna array); the angle 8 is defined as the angle

between the line AX and the plane x-z, and v in turn is defined as
v = sinf ., i

Similarly, a is the angle between the line AX and the plane y-z, and u
is defined as !

u = sina . i

ANTENNA ARRAY

v*euno
v'hﬂ’

LA-0878-14

FIGURE 1 PHASED ARRAY COORDINATE SYSTEM
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