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I. FOREWORD

A program summary provides a valuable but, unfortunately, seldom
available final report for a major research undertaking, representing the
combined efforts of hundreds of scientists, engineers, technicians, and
administrators over a period of a decade or more. The concept of the program
summary, as developed at the National Space Science Data Center (NSSDC),
includes not only a description of the objectives, spacecraft, experiments,
and flight performance, but also a complete experiment-related bibliography
along with a comprehensive assessment of the technological and scientific
accomplishments. Such a document should provide a useful management tool with
which the cost effectiveness of a scientific program can be measured. This
should be valuable for the planning of future efforts, as well as for
historical purposes.

The NSSDC facilities are unusually well suited for the compilation of
program summaries. The comprehensive approach used by NSSDC for the archiving
and distribution of satellite data has led not only to an extensive collection
of data tapes, films and prints but also to a very complete documentation on
spacecraft and experiments. The spacecraft documentation is in fact more
complete than the acquisition of data at NSSDC, because it is usually
initiated for all missions during the prelaunch hardware phase and it is
available for all missions, whether or not data are ever deposited at NSSDC.
This supporting documentation is computerized, and it includes complete
descriptions of spacecraft and experiments. BAlso available at NSSDC is a
computerized space science literature file containing about 36,000 literature
citations coded according to satellite(s) and experiment(s). The task of
producing a program summary can therefore be greatly simplified with the help
of appropriate computer printouts from the above NSSDC files. Program-related
papers and reports, which have not been published in scientific journals, can
usually be found in the NSSDC microfiche file.

The first program summary produced at NSSDC was the IMP Series
Report/Bibliography , prepared by Joseph H. King in December 1971. The second
document of this type generated at NSSDC was the OGO Program Summary, compiled
in two volumes. The first volume, dated December 1975, was prepared by John
E. Jackson and James I. Vette. The second volume, prepared by John E.
Jackson, was published in June 1978. Although the basic objectives of the IMP
and OGO summaries were similar, the format, organization, and contents were
quite different. The Alouette-ISIS program summary is also different from the
two previous summaries. Its organization resembles that of the OGO summary,
but many features found in the OGO summary are not included in the
Alouette~ISIS summary. Thus, the present summary does not provide abstracts
of the cited publications, nor does it include subject, author and corporate
source indexes. Also omitted in the present report is a comprehensive
discussion of scientific results. It is planned to include these in a later
publication.
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PRECEDING PAGE BLANK NOT FILMED




II. INTRODUCTION

Prior to the launch of Alouette 1 (September 29, 1962), the ionosphere
was virtually unknown above an altitude of about 400 km. The Alouette-ISIS
satellites have provided a wealth of data concerning the morphology of the
polar, midlatitude, and equatorial ionosphere to altitudes up to 3500 km. The
measurements (which included not only electron density, but also plasma
composition and temperatures) included all local times and all seasons, and
encompassed a full range of solar activity. New knowledge was also acquired
concerning the propagation and generation of electro-magnetic waves in the
ionosphere at both radio and VLF frequencies. A large family of plasma wave
phenomena was discovered and explained. Valuable data were also obtained
concerning the flux of particles at energies ranging from 5 eV to 20 MeV.
Last, but not least, spectacular results were achieved with the optical
experiments on ISIS 2, which for the first time provided snapshots of the full
auroral oval.

The previous paragraph merely hints at some of the scientific areas that
have benefited significantly from the Alouette-ISIS data. The importance of
the Alouette-ISIS program can also be appreciated from the fact that it
represents 50 satellite-years of measurements in the terrestrial ionosphere,
which have led to approximately 1000 publications.

Although articles based upon the Alouette-ISIS data continue to appear in
the published literature, the majority of them have been written, and one is
now able to assess the accomplishments of the program. Alouette 1 won
recognition mainly through the success of the topside sounder, which alone led
to 220 publications. Some additional interesting statistical data pertaining
to the Alouette~ISIS literature will be discussed later. Much of the enormous
volume of data obtained has been deposited in the World Data Centers where it
has been made available to the scientific community for further studies and
analysis. All of these factors have contributed to the major role which the
Alouette-1SIS data have played in furthering our understanding of the
near-earth environment.

The Alouette-ISIS program was a joint undertaking between Canada and the
United States. Canada provided the Alouette and ISIS spacecraft, data
acquisition, and satellite control. The USA provided the launch capability,
tracking, and data acquisition. Satellite instruments and data processing
support were provided by both countries. The USA also provided the Explorer
20 and Explorer 31 spacecraft that are considered part of the Alouette-ISIS
program and are included in this summary. During the course of the program
these countries contributed telemetry support and collaborative data analysis:
Australia, Finland, France, India, Japan, New Zealand, Norway, and the United
Kingdom.

The design of the Alouette 1 spacecraft was begun in 1959 at a very early
stage of space technology, when satellite equipment and components were prone

to failure, and most spacecraft had a lifetime of only a few months. Alouette
was at least as complex as any spacecraft previously launched, and it
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incorporated large structures that had never been used in space before. The
performance of Alouette 1 exceeded by far the most optimistic expectancies and
its 10-year life established a longevity record. The other Canadian
spacecraft of the program—--Alouette 2, ISIS 1 and ISIS 2--have matched and
surpassed this record. At least 90 percent of the Alouette-ISIS experiments
have operated for at least 1 year and many of them considerably longer.
Section III of this document provides a discussion of the objectives, history,
spacecraft characteristics, mission profiles, technological accomplishments,
and unique aspects of the Alouette-ISIS program.

Brief descriptions of the six spacecraft of the program and of the
investigations on each are given in Section IV. All information in Section IV
has been extracted from the NSSDC information system. The spacecraft are
ordered by launch dates, and the investigations are listed according to their
NSSDC ID number (see Appendix A).

Each spacecraft description entry in Section IV includes the spacecraft
alternate names, NSSDC ID number, launch information (date, site, and
vehicle), spacecraft weight, orbit parameters (type, epoch date, period,
inclination, periapsis, and apoapsis), sponsoring country and agency,
personnel (project manager, "PM"; project scientist, "PS"; and their
affiliation at the start of the project), and a brief description concerning
the mission. Additional information concerning the PM and PS codes is given
in Appendix A. The "NLA" code that sometimes follows a person's name is
explained in Appendix A. The brief description is followed by a spacecraft-
related bibliography represented by a list of reference numbers. The
citations corresponding to these reference numbers are found in Section V.
For convenient reference to the bibliography, consecutive numbers have been
assigned to each citation.

Each investigation description entry in Section IV includes the
investigation name (as used by NSSDC), the NSSDC ID number, the name and
current affiliations of the principal investigator (PI) and of the associated
other investigator(s) (0I), and a brief description of the investigation. The
principal investigators are listed first, but the other investigators are not
listed in any particular order. The brief description is followed by an
investigation-related bibliography represented by a list of reference numbers
(see previous paragraph, last two sentences).

Section V contains the Alouette-ISIS bibliography, ordered alphabetically
by first author's name. A few publications that have no author are listed
ahead of the alphabetical sequence. This bibliography was generated from the
NSSDC computerized space science literature file (see Foreword, second
paragraph). The citations in the file can be searched by spacecraft,
investigations, authors, titles, journals, publication dates, etc., and
organized accordingly.

We conclude this section with some statistical information on the
bibliography contained in Section V. Table 1 shows the journals where most of
the Alouette-ISIS papers were published. It is seen that the leading journal
was the Journal of Geophysical Research. A large number of papers also
appeared in the Proceedings of the IEEE because a special issue of this
journal in June 1969 was devoted to topside sounding, which was the



principal research tool used on Alouette 1, Alouette 2, and Explorer 20.

CAN. J. PHYS. 44
PROC. OF THE IEEE 49
GEOMAG. AERONOMY 20
GEOPHYS. RES. LETT. 17
J. ATMOS. TERR. PHYS. 68
J. GEOPHYS. RES. 229
NATURE 29
PLANET. SPACE SCI. 49
RADIO RES. LAB. J. (JAPAN) 19
RADIO SCIENCE 31
OTHERS (51 JOURNALS) 134

TOTAL 689

TABLE 1. Alouette-ISIS Refereed Publications Sorted by Journal
(as of July 1986)

Table 2 shows the distribution of the same publications by nations. The
nationality assigned to a given paper was the same as the nationality of the
sponsoring agency. Some prorating was done whenever authors of a given paper
were sponsored by agencies in different countries. The final figures in Table
2 have been rounded off to whole numbers. It is seen that most of the
publications originated in Canada and in the United States, followed by the
United Kingdom, Japan, and surprisingly the USSR. Except for the USSR, the
nations shown in Table 2 were active participants in the program, helping with

CANADA 238
FRANCE 24
INDIA 15
JAPAN 39
NEW ZEALAND 15
UNITED KINGDOM 43
UNITED STATES 254
USSR 34
OTHERS (6 NATIONS) 27

TOTAL 689

TABLE 2. Alouette-ISIS Refereed Publications Sorted by Nation
(as of July 1986)



data acquisition, processing, and analysis. Papers originating in nations
other than Canada and the United States were, in almost all cases, based upon

the topside sounder data, because of the very well-known sounder technique and
format. This technique had been used for ground-based studies of the
ionosphere since the mid-thirties, and it was familiar to ionosphericists
throughout the world when Rlouette 1 was launched.

Table 3 provides further information on Alouette-ISIS publications based
either partly or entirely on sounder data. It is seen that the percentage of
papers based upon sounder data decreases steadily with each spacecraft of the
Alouette-ISIS series. The total number of papers based entirely upon sounder
data is about one order of magnitude greater on Alouette 1 than on ISIS 2.

Yet the quality of the sounder data was significantly better on ISIS 2 than on
Alouette 1. This comparison demonstrates clearly the importance of making the
first comprehensive, synoptic measurements of a given parameter. Subsequent
observations seldom have the same impact as did the first look at the unknown.
Table 3 also reveals (indirectly) the broadening of the program with
subsequent spacecraft. On Alouette 1 the sounder was the principal
investigation. The three other experiments were included almost as an
afterthought. On ISIS 2 the number of investigations had grown to 12; the
importance of the new investigations was comparable to that of the sounder.
Thus, the statistics of Table 3 reflect the steady increase in the scope of
the Alouette-ISIS program. In contrast to publications based upon topside
sounder data, where worldwide participation was evidenced, the publications
based upon the other investigations were written almost entirely by the
corresponding principal investigators and their immediate associates,
reflecting the more specialized nature of the data reduction and analysis.

AL 1 AL 2 ISIS 1 ISIs 2
TOTAL PUBLICATIONS 302 176 116 178
(REFEREED)
SOUNDER & OTHER DATA 234 (77%) 130 (74%) 55 (47%) 55 (31%)
SOUNDER DATA ONLY 219 (72%) 103 (58%) 38 (33%) 26 (15%)

TABLE 3. Sounder Publications Compared to Total
Publications and Percentage of Total

Tables 1, 2, and 3 were based upon refereed journal publications. A
number of non-refereed, yet quite useful, publications appear in government,
industry, and university reports, in proceedings of meetings (including
books), and in the COSPAR publication, Advances in Space Research, The number



of reports in the various categories is indicated in Table 4.

PROCEEDINGS (AND BOOKS ) 129
COSPAR 34
GOVERNMENT REPORTS 83
INDUSTRY REPORTS 8
UNIVERSITY REPORTS 26
TOTAL (NONJOURNALS ) 280
TOTAL (REFEREED JOURNALS) 689

TOTAL (JOURNALS & NONJOURNALS ) 969

TABLE 4. Total Alouette-ISIS Publiications
(as of July 1986)

One last quantitative assessment of the Alouette-ISIS bibliography is
presented by the data shown in Figure 1. The abscissa is time shown as
calendar years for the period 1960 to 1985, and the ordinate is the cumulative
number of experiment-related articles published in refereed journals.
Superimposed on Figure 1 are boxes that are related only to the abscissa. The
length of each box shows the period of time during which Alouette 1, Alouette
2, ISIS 1, and ISIS 2 were operating. The ISIS 1 and ISIS 2 boxes were left
open to show that both spacecraft were still operating as of January 1, 1985.
Actually, ISIS 1 and ISIS 2 were still operating at the time of this writing
(May 1986). The altitudes indicated in the boxes for Alouette 2 and ISIS 1
are perigee and apogee, respectively. Only one altitude is shown for Alouette
1 and ISIS 2 since these spacecraft were in circular orbits. The four
spacecraft were in similar near-polar orbits; therefore, inclination
information was not included in the time-span boxes.

The top graph shows as a function of time the cumulative total number of
Alouette-ISIS publications (including those based upon Explorers 20 and 31)e.
Separate graphs are not included for Explorers 20 and 31, since these
spacecraft were relatively short-liived and the resulting publications,
although extremely important, represent a small percentage of the total
Alouette-ISIS publications. Since publications were often based upon more
than one spacecraft, such publications are included in the cumulative totals
for each of the corresponding spacecraft. One could have arbitrarily assigned
such multiple-spacecraft publications to the latest spacecraft. However, such
an assignment would have been unrealistic, since in many cases the more
important data source was an earlier spacecraft. In the case of Alouette 1,
two graphs are given, one showing the number of publications based upon
Alouette 1 only and the other showing the total number of publications related
to Alouette 1 (i.e., Alouette 1 alone plus Alouette 1 combined with other
spacecraft). To avoid overcrowding Figure 1, this two-graph presentation was
not repeated for Alouette 2, ISIS 1 and ISIS 2. For these later spacecraft,
only the total number of related publications has been shown. The graphs
show that the Alouette-ISIS program has continuously produced scientific
results for a period of time well in excess of 20 years.
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FIGURE 1. Alouette~ISIS Journal Publications

The total Alouette-ISIS publications graph reveals a very rapid increase
in the number of publications that occurred in 1969. This was due mainly to
the special issue of the IEEE Proceedings (June 1969) that included 46 papers
based upon Alouette 1, Alouette 2, Explorer 20, and Explorer 31. It is of
interest to note that about 40 papers based either partly or entirely on
Alouette 1 were published during the period 1973 to 1983, i.e., during the 10-
year period following the termination of Alouette 1 operations. Perhaps a
proper environment for continued Alouette 1 studies was provided by the
Alouette 2 and ISIS operations, which extended well beyond the termination of
Alouette 1. Very little support is now available for Alouette-ISIS studies,
and no significant further increase is expected in the total number of journal
publications. This number was 682 on January 1, 1985, the cutoff date for
Figure 1. The period January 1985 to July 1986 yielded only seven additional
journal publications.

In view of the very close monitoring of Alouette-ISIS publications that
has been done by the author since the beginning of the Alouette~ISIS program,
and considering the very small increase in the number of publications during
the past 18 months, it is reasonable to conclude that the present document
provides an Alouette-ISIS bibliography that will be essentially complete for
years to come.
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III. THE ALOUETTE-ISIS PROGRAM

1. Introduction

The Alouette-ISIS program is the one of earliest” and probably one of the
best examples of international cooperation in space research by the National
Aeronautics and Space Administration (NASA). Specific directives for such
cooperation were included in the Congressional Act'! which created the National
Aeronautics and Space Administration (NASA) on July 29, 1958. When this
legislation was enacted, the United States was one of 66 nations engaged in an
unprecedented joint effort to understand the earth and its environment under
the programs of the International Geophysical Year (July 1, 1957, to December
31, 1958). It is not surprising therefore that the Space Act of 1958 reflects
the IGY spirit of international cooperation. One highlight of the IGY
cooperation was the very successful U.S./Canadian rocket program conducted at
Fort Churchill, Canada, which, in a sense, was a precursor to the Alouette~ISIS
program.

A joint U.S./Canadian effort to investigate the global structure of the
upper ionosphere was initiated at the end of 1958. The basic concept of the
experimental approach was to explore the upper (or topside) ionosphere from a
satellite by the same ionosonde (or sounder) technique which had been used for
several decades from the ground. The satellite version of the ionosonde became
known as the topside sounder (Franklin and Maclean, 1969), and, until 1963, the
related U.S./Canadian effort was named the Topside Sounder Program. This
program led to the first topside sounder satellite, Alouette 1,H launched
on September 29, 1962. This satellite was designed and built in Canada. The
launch vehicle was provided by the United States. On December 23, 1963, Canada
{the Defense Research Board) and the United States (NASA) agreed to a continued
and expanded program of satellite studies of the ionosphere (International
Satellites for Ionospheric Studies, ISIS). The expanded program led to three
additional Canadian-built, U.S.-launched, satellites: Alouette 2, ISIS 1, and
ISIS 2. The United Kingdom was involved in the program from the beginning.
International participation was increased later to include France, Japan, and
Norway after 1966; India, New Zealand, and Australia after 1971; and Finland
after 1977. To date, over 50 research groups and agencies have made use of
topside sounder data** to aid or supplement their own research. The topside
sounder, however, was only one of many experiments included in the Alouette-ISIS
program. The satellites of the series (Alouette 1, Explorer 20, Alouette 2,

*A cooperative effort between NASA and the United Kingdom led to the successful
launching of Ariel 1 on April 26, 1962, making Ariel 1 the first
international satellite of NASA.

tThe National Aeronautics and Space Act of 1958, sections 102 and 205.

ttThe name "Alouette," the French word for a high-flying bird, the lark, has
connotations that extend deep into early Canadian colonial history. It is
also the title of one of the country's best known and most nonsensical folk
songs, originally brought to North America from France many centuries ago.

**Analysis of topside sounder data (topside ionograms) yields ionospheric
electron-density versus altitude from the satellite height down to the height
of maximum electron-density hmaxF2 (located typically at 300 km), as well as a
wealth of information concerning plasma and propagation effects.

13
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Explorer 31, ISIS 1, and ISIS 2), particularly the last two, contained a
diversity of mutually supporting experiments, selected to provide a more
complete understanding of the ionosphere. Collectively, these satellites have
provided continuous observations of the topside ionosphere from 1962 until now
(1986), representing over 50 satellite-~years of ionospheric data.

The overall coordination of the program was provided by an international
Working Group, which was named the Topside Sounder Working Group from January
1960 until December 1963 and later was known as the ISIS Working Group. The
Working Group has provided (for over 20 years) the framework for the extensive
international cooperation which was unquestionably the most important factor
for the remarkable success and duration of the program.

2. History

The history of topside sounding appears to have begun in July 1958, when
the Space Science Board of the National Academy of Sciences of the United
States, under the chairmanship of L. V. Berkner, sent out a request for
suggestions for satellite experiments. At a meeting in October 1958, called
by H. G. Booker of Cornell University to discuss ionospheric experiments in
satellites, a number of groups in the United States and Canada indicated an
interest in topside sounding. In particular, this meeting stimulated a
proposal from the Defense Research Telecommunications Establishment (DRTE) at
Ottawa, Canada, which came to NASA at the end of 1958. NASA accepted the
proposal as a joint undertaking between Canada and the United States, each
country paying its own costs in the project. Canada agreed to supply the
satellite instrumentation and the United States the launch vehicle. The
United States also agreed to provide tracking and telemetry support from a
number of NASA stations which eventually included (at the time of the Alouette
1 launch) Antofagasta, Chile; College, Alaska; East Grand Forks, Minnesota;
Fort Myers, Florida; Quito, Ecuador; St. John's, Canada; South Point, Hawaii;
Winkfield, England; and Woomera, Australia. Canada was to establish telemetry
stations needed in Canada (at Ottawa, Ontario; Prince Albert, Saskatchewan;
and Resolute Bay, Northwest Territories). A joint announcement of this
arrangement was made by both countries on April 20, 1959. Canada subsequently
assumed full responsibility for the topside sounder spacecraft with the
exception of the environmental tests which were conducted at the Goddard Space
Flight Center (GSFC).

Concurrently, NASA had requested that the Central Radio Propagation
Laboratory (CRPL) of the National Bureau of Standards, Boulder, Colorado,
examine the topside sounder proposals received by NASA for scientific merit
and engineering feasibility and recommend immediate and long-~range approaches
to this area of research. In June 1959, a CRPL study report recommended the
fixed-frequency system as a first-generation experiment and suggested that
DRTE be encouraged to develop its swept-frequency system as a second-
generation experiment. This second recommendation was, in fact, a concurrence
by CRPL with the decision already reached between NASA and DRTE. NASA
accepted the CRPL recommendation to develop the fixed-frequency topside
sounder at the same time as the swept-frequency sounder. This project was
started in 1960 and placed under the scientific supervision of CRPL. GSFC was
made responsible for the NASA management of the two topside sounder projects.
In view of the similarity of objectives and techniques in the two projects, a
joint working group was set up early in 1960.

14



The United Kingdom then expressed an interest in participating in the
topside sounder program. Under an arrangement of March 1961, the United
Xingdom agreed to support the program by operating telemetry stations in the
South Atlantic and Singapore. In return for this assistance, the Radio
Research Station (RRS) at Slough, England, was given immediate access to the
topside sounder data.* The early cooperative agreements between Canada and
the United States were extended in 1964 to include the ISIS program. The RRS
participation also was extended subsequent to this new agreement. The
international participation was increased during 1965 and 1966 to include
agencies in France, Norway, and Japan; in 1971 and 1972 to include agencies in
India, New Zealand, and BAustralia; and in 1977 to include Finland. Specific
arrangements differed in detail, but basically all these nations have
supported the program by providing telemetry services and by participating in
the reduction and analysis of topside ionograms. The French telemetry
stations used in the Alouette-ISIS program include Brazzaville, Congo;
Bretigny, France; Colomb Bechar, Algeria; Kerguelen Island; Kourou, French
Guyana; Las Palmas, Canary Is.; Ouagadougou, Upper Volta; Pretoria, S. Africa;
and Terre Adelie, Antarctica. Other nations have provided telemetry services
at Tromso (Norway), at Kashima (Japan), at Ahmedabad and Thumba (India), at
Lauder (New Zealand), at Darwin (Australia), and at Sodankyla (Finland).

The phenomenal growth of the international participation has resulted in
the creation of an ISIS telemetry network (outside of the NASA telemetry
network) which became capable of acquiring most of the data desired from the
Alouette~ISIS satellites. Consequently, in the early seventies, NASA reduced
considerably its telemetry support of the ISIS program. A complete list of
telemetry stations used in the ISIS program is given in Tables 5 and 6, at the
end of Section III. These tables show the status as of March 9, 1984, which
is the date when ISIS operations were terminated in Canada. The Radio
Research Laboratories (Tokyo, Japan) then requested and received permission to
reactivate ISIS 1 and ISIS 2. Reqular ISIS operations were started from
Kashima, Japan, in early August 1984. The ISIS data processing facilities in
Ottawa were kept operational until March 1985,

3. Working Group

The Topside Sounder Working Group, later to become the ISIS Working
Group, was organized to coordinate and guide the rather diverse activities
involved in planning and implementing an international program of ionospheric
sounding from satellites. In Working Group meetings both the scientific goals
of the program and the proposed solutions to the associated engineering
problems were debated. A valuable consequence has been that the scientific,
engineering, and administrative personnel involved developed an understanding
of all the important issues.

*In the sixties, when a new satellite was launched, the scientific data were
considered proprietary to the principal investigators for a reasonable period
of time, usually 1 year. After the proprietary period the data were usually
made available to the scientific community. Participants in the Alouette-~
ISIS program were, in effect, given principal investigator status.
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The Working Group was concerned with the typical scientific, engineering,
and operational problems of a satellite project. 1In addition, the Working
Group had to devise, recommend, and carry out preliminary space investigations
to establish the feasibility of topside soundings and to obtain a number of
design parameters which previously were unknown. For example, it was evident
when the project was initiated that the topside sounder would require antennas
about one order of magnitude longer than previously had been used on space
vehicles. Major advances in the existing technology were needed to build
suitable antennas, and the reliability of the proposed system had to be
established. Since the space environment could not be suitably simulated on
the ground, the Working Group recommended that a special rocket test be
conducted to test these unusually long antennas. Also, the power required
from the sounder transmitter was unknown because the reflection coefficient of
the topside ionosphere and the level of ambient noise at the sounding
frequencies were both unknown. A radiometer for measuring the intensity of
radio noise in the topside ionosphere at 3.8 MHz was constructed and installed
in Transit 2A (Chapman and Molozzi, 1961), which was launched on June 22,
1960. The measured value of the cosmic noige provided the required design
information.

On June 14, 1961, a rocket test was made of the technique of extending
from a spinning vehicle the 75-ft antennas required for efficient radiation of
the sounder transmissions (Molozzi and Richardson, 1967). Two antenna units
were flown on the rocket; one of the antennas extended its full length, the
other extended three-gquarters of its length. The engineering information
obtained was adequate for specifying the modifications required in the final
mechanical design of the antennas used in the Alouette and Explorer 20
satellites. Feasibility of the topside sounding technique was established by
rocket tests instrumented by Airborne Instruments Laboratory (AIL). Each of
the rockets carried one or more fixed-frequency sounders. The first was
launched on June 24, 1961, during the day into a quiet ionosphere that had
smooth reflection surfaces; the second was launched on October 31, 1961, at
night into moderately disturbed ionospheric conditions during spread F (Knecht
et al., 1961; Knecht and Russell, 1962). The required engineering information
was obtained and, in addition, important new phenomena were observed. The
first of these rockets obtained evidence of plasma resonance phenomena; the
second provided the first strong evidence of ducted propagation along the
magnetic field in the ionosphere. A third rocket, launched to observe the
properties of the topside winter ionosphere, failed; the heat shield did not
detach.

The Working Group has also contributed significantly to the optimum use
of the Alouette-ISIS satellites, by coordinating the acquisition, processing,
publication and exchange of the data. Periodic reporting by the member
organizations of technical and scientific developments has provided the
information necessary for effective collaboration between experimenters,
especially between those associated with different experimental equipment.
Fifty Alouette-ISIS Working Group meetings were held during the period January
1960 to September 1972. A comparable number of separate engineering or
experimenters' meetings have also been held, representing a more specialized
extension of the Working Group activities. During the period January 1973 to
December 1980, Working Group meetings were held approximately once a year, and
Experimenters' meetings were held about three times per year.
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4. Objectives and Mission Profiles

The broad objectives of the Alouette-ISIS program were to conduct a
comprehensive synoptic study of the topside ionosphere over a complete range
of solar activity, and to provide the basis for a theoretical understanding of
the observations. The discussion of objectives and mission profiles does not
include detailed descriptions of spacecraft and experiments. This information
is given in Section IV of the Alouette-ISIS Program Summary. The present
discussion is concerned primarily with the scientific purposes of the various
missions, with the various technological problems encountered, and with the
methods used to solve these problems.

4.1 Alouette 1 (launched September 29, 1962)

The primary purpose of the Alouette 1 mission was to investigate the
geographic and diurnal properties of the topside ionosphere at altitudes up to
1000 km. These considerations led to the choice of a circular orbit at 1000
km with an inclination of 80 deg prograde which provided a complete coverage
of all geomagnetic latitudes, while making it still possible to achieve a
diurnal variation in a period of 3 months. Design parameters for the sounder
were based partly upon existing knowledge and partly upon additional space
experiments conducted primarily to supply the needed design data. The maximum
sounder frequency was based upon the known maximum densities to be encountered
at hmaxF2, while the minimum sweep frequency was essentially the minimum
gyrofrequency at 1000 km. This made it theoretically possible to obtain
echoes through the total altitude range on at least the extraordinary mode.
Secondary objectives included cosmic noise measurements, VLF studies and
energetic particle investigations (electrons in the 40 keV to 3.9 MeV energy
range; protons in the 0.5 to 700 MeV energy range).

Satellite technology was still in its infancy when the design of Alouette
1 was initiated by the Canadian Topside Sounder Group at DRTE, Ottawa. To
optimize the chances of success, undue complexity was avoided in the payload
design, and redundancy of vital components was stressed. Thus, data storage
was not provided in the spacecraft, but spare batteries were included. The
conservative approach used in the design ied to the remarkable 10-year life of
Alouette 1. One consequence of the decision not to have satellite-borne data
storage was that provisions had to be made for a large network of telemetry
stations. Operation of the satellite (for 10-minute periods) was initiated by
a command signal from the ground, when the satellite came within the telemetry
range of a ground station and when the turn-on had been scheduled by the
satellite controller. The master ground station was at DRTE (now CRC¥*),
Ottawa, and it was there that the satellite controller monitored the
engineering status of the spacecraft and prepared operating schedules. The
Ottawa station also transmitted the more complex commands such as those
required to switch spare batteries or to select certain operating modes.

*DRTE was transferred in April 1969 to the newly formed Department of Com-
munications, and DRTE became known as the Communications Research Centre.
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One complexity which could not be avoided was the sounder antenna system
which had to be capable of radiating efficiently signals in the frequency
range from 0.5 to 12 MHz. To satisfy this requirement, extremely long
antennas had to be provided. A dipole 45.7 meters long was used for the band
0.5 to 5 MHz, while one 22.8 meters long was used from 5 MHz upward. The two
dipoles were perpendicular to the spin axis and to each other. Such long
antennas had never been used previously on a satellite, and the successful
mechanical design of these antennas represents a unique and major contribution
to the field of spacecraft engineering (Mar and Garrett, 1969).

Alouette 1 was spin-stabilized with the spin axis (at the time of launch)
normal to the plane of the ecliptic. The initial spin rate after antenna
deployment was 1.4 rpm. The spin rate, however, decreased at a much faster
rate than expected and it was down to 0.9 rpm at the end of 1 year (Mar and
Garrett, 1969). After a few years, this rapid decay in spin rate caused
Alouette 1 to become gravity-stabilized with the long antennas aligned with
the local vertical. The spin rate decay did not, however, cause a significant
loss of data.

4.2 Explorer 20 (launched August 25, 1964)

The fixed-frequency topside sounder satellite, Explorer 20, was developed
in the United States as a part of the International Topside Sounder Program.
The spacecraft was built at the Airborne Instruments Laboratory (AIL), Deer
Park, N.Y., and the data analysis was done at CRPL. Explorer 20 was conceived
initially as a first-generation topside sounder satellite because of its
simplicity relative to Alouette 1. The Explorer 20 sounder was designed for
operation at only six fixed frequencies, namely 1.5, 2.0, 2.85, 3.72, 5.47,
and 7.22 MHz. These frequencies were spaced logarithmically to optimize the
resulting low-resolution sampling of the exponentially shaped topside profile.
The CRPL/AIL sounder was designed to complete its 6-frequency sounding in 1/10
s, during which time the satellite would travel less than 1 km along its
orbit. The time required for a complete sounding on Alouette 1 was about 5 to
10 s, corresponding to a horizontal displacement of 35 to 70 km. Thus, the
Explorer 20 sounder was designed to provide a horizontal resolution
considerably greater than that of Alouette 1. The frequency resolution (or,
equivalently, the vertical resolution), however, was two orders of magnitude
greater on Alouette 1, since approximately 700 discrete and closely spaced
frequencies were used on Alouette 1 during the complete 0.5 to 12.0 MHz sweep.
Clearly, the two sounder techniques were complementary.

The Explorer 20 spacecraft was built on a schedule paralleling that of
the Canadian Alouette 1 spacecraft, and the Explorer 20 launch was planned for
the summer of 1962, i.e., slightly ahead of the Alouette 1 launch. The
Explorer 20 program, however, was delayed by problems with the Scout launch
vehicle, and the Canadian satellite was launched first. The fixed-frequency
topside sounder was continued in spite of the successful launch of Alouette 1
and the excellent in-orbit performance of the Canadian sounder, because of the
complementary nature of the two sounder techniques.
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Explorer 20 was launched into an orbit similar to that of Alouette 1 and
it has provided useful data for the period August 1964 to January 1966. The
fixed-freq :ency sounder has yielded data on the fine structure of ionospheric
irregularities and plasma resonances which are impossible to obtain with a
swept-frequency sounder. The fixed-frequency sounder data also could be used
to calculate the electron-density (N) as a function of height (h) (Lawrence
and Hallenbeck, 1965). The Alouette 1 ionograms, however, were plentiful* and
much better suited for N{(h) calculations. Consequently, the data from the
Explorer 20 sounder were used almost exclusively to study small-scale
ionospheric irregqgularities and the fine structure of plasma resonances.

The Explorer 20 spacecraft also included a spherical ion probe designed
to measure ion concentrations and ion temperatures in the immediate vicinity
of the satellite. Experiments of this type that provide various parameters of
the ambient medium (such as density, temperature, and composition) by using
sensors at the satellite surface are known as direct measurement experiments.
These experiments require that local disturbances be minimized in the vicinity
of the sensors. These disturbances are due primarily to electrical potentials
on the surface of the spacecraft. Theoretical considerations indicated that
these effects might be sufficiently minimized at the sensor locations by the
use of blocking capacitors at the antenna feed points, which would isolate the
VxB potentials induced on the large antennas.

The spherical probe on Explorer 20 was the first attempt to combine
direct measurements with topside soundings on a satellite. Although
ac-coupling was used to connect the sounder antennas to the spacecraft, this
proved to be inadequate and most of the spherical probe data were unusable.
The topside sounder project, however, benefited from this experience, and
sheath quards were added to the sounder antennas on Alouette 2.

4.3 ISIS X (launched November 29, 1965)

The primary purpose of the ISIS X mission was to extend the scope of the
Alouette 1 mission both in altitude coverage and in the number of ionospheric
parameters to be investigated. Secondary objectives included cosmic noise
measurements, VLF studies, and energetic particle investigations. The new
ionospheric parameters to be measured included electron temperature, ion
temperature, and ion composition. These parameters are most readily obtained
using direct measurement techniques, and a sufficient number of these
techniques were incorporated in the ISIS X mission to provide at least two
independent measurements of each parameter. As explained earlier, a difficult
spacecraft potential problem had to be overcome in order to conduct successful
direct measurements on a satellite containing a topside sounder. Although the
blocking capacitors used on Explorer 20 between the spacecraft and the
antennas did not solve this problem, the use of these capacitors was a step in
the proper direction. Additional precautions taken in the ISIS X design
included the use of sheath guards on the sounder antennas and the use of
insulation on the spacecraft skin of all exposed metallic surfaces with

‘nonfloating potentials (such as the solar cell interconnections).

*During the first 3 years in orbit, Alouette 1 was providing topside ionograms
at the rate of 1100 ionograms per day.
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Modifications also were made to the antenna system in an attempt to
correct the excessive spin rate decay experienced on Alouette 1. A theoretical
study by Etkin and Hughes (1967) indicated that the observed spin decay on
Rlouette 1 could be explained by taking into consideration the flexibility of
the long antennas. When this was done, additional de-spin torques were
obtained from the action on the antennas of (1) the combination of the thermal
and pressure fields of the sun, and (2) the combination of the thermal field
of the sun and atmospheric drag. The temperature difference between the
sunlit side of the antenna and the shadow side causes differential expansion
and bending of the antenna. As a result, the center of mass and the center of
pressure separate, allowing the Alouette satellites to experience torques due
to solar radiation pressure and also due to atmospheric drag when below 1000
km. To counteract the solar radiation de~spin torque on ISIS X, highly
reflective end plates were installed on the ends of the long antennas. The
high reflectivity ensured that most of the incident radiation was reflected
specularly, resulting in a net spin-up torque on the satellite.

The ISIS X objectives required that the sounder experiment be extensively
modified. Since the sounder would operate during a period of increasing solar
activity, the maximum density in the ionosphere would be greater than for
Alouette 1, and the highest frequency of the sounder had to be raised to 13.5
MHz. On the other hand, the much higher apogee planned for ISIS X would bring
the sounder into regions of much lower electron density and magnetic field,
requiring that the lowest frequency of the sounder be reduced from 0.5 to 0.2
MHz. The decision to reduce the lower frequency limit required in turn that
the length of the longer sounder antenna be increased from 45.7 to 73.0
meters.

The ISIS X mission was designed to test the spacecraft modifications
outlined above, while at the same time ensuring that the basic scientific
objectives would be met. This was accomplished by launching two satellites
simultaneously into the same orbit (3000 km apogee, 500 km perigee, 80 deg
inclination): Alouette 2* (a modified version of Alouette 1) and Explorer
31** (Direct~Measurements Explorer A or DMEA), a spacecraft of shape and size
known to be suitable for local sensing of ionospheric parameters. For the
safe placement in orbit and deployment of spacecraft appendages, the two ISIS
X spacecraft had to be provided with a small but sufficient separation
velocity. B separation velocity of 8.75 km per day was achieved, resulting in
a period of about 4 months during which the two spacecraft could perform
essentially simultaneous measurements. This "close proximity" period turned
out to be five times longer than specified. One of the Explorer 31
temperature probes was duplicated on Alouette 2, and comparison between the
two identical experiments showed that the Alouette 2 structure would be
satisfactory for direct sensing experiments.

*Alouette 2, like Alouette 1, was designed and built at DRTE, Ottawa.
**gxplorer 31 was designed and built at the Applied Physics Laboratory (APL}),
Silver Spring, Maryland.
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In keeping with the conservative approach used to ensure the success of
the ISIS X mission, undue complexity again was avoided and redundancy of
critical components was emphasized. For example, there was no provision for
data storage on either Alouette 2 or Explorer 31, but spare batteries were
included in both spacecraft. The lack of data storage facilities in the ISIS
X spacecraft required that a large network of telemetry stations be used with
Alouette 2 and Explorer 31. The ISIS X mission utilized essentially the same
telemetry network as that used for Alouette 1. In some cases, the telemetry
station capability had to be increased to permit simultaneous command and
telemetry of Alouette 2 and Explorer 31. The Alouette 1 master station at
DRTE, Ottawa, was used also as the Alouette 2 master station. It was at DRTE
that Alouette 2 housekeeping data were obtained and more complex commands were
executed. The master station for Explorer 31 was the APL station at Laurel,
Maryland. The satellite controller at the APL station monitored the
operational status of Explorer 31 and issued the special commands required for
housekeeping and attitude control.

To optimize the direct measurements on Explorer 31, an elaborate magnetic
attitude stabilization and control system was included on this satellite. The
magnetic spin-up system was designed to maintain a 3-rpm spin rate with less
than a 10 percent duty cycle of the attitude control system. The spin-axis
orientation system was designed to maintain the spin axis orthogonal to the
orbital plane. The detectors were mounted perpendicular to the spin axis.

The ISIS X mission achieved all of its scientific and technological
objectives. The modifications made to the Alouette 2 antenna system reduced
the spin rate decay by one order of magnitude, showing that the highly
reflective end plates installed on the long Alouette 2 antennas had
effectively counteracted any rapid de~spin of this satellite. The success of
the ISIS X compatibility test showed that the Alouette 2 structure was
satisfactory for direct measurements. The next step was to combine all the
measurements on a single spacecraft. This was done on ISIS 1.

4.4 1ISIS 1 (launched January 30, 1969)

The objectives of ISIS 1 were to make measurements similar to those of
ISIS X during a period of maximum and declining solar activity. The selected
ISIs 1 orbit (3500 km apogee and 565 km perigee), therefore, was similar to
that of the ISIS X satellites. The ISIS 1 objectives had to be accomplished
with a single spacecraft instead of the two satellites required for the ISIS X
mission. One advantage of the single spacecraft approach was that
simultaneous measurements would no longer be limited to a few months of "close
proximity" as was the case for ISIS X. In fact, based upon the performances
of Alouettes 1 and 2, it seemed likely that the ISIS 1 mission could provide
simultaneous measurements for several years. Therefore, comprehensive
ionospheric data were desired from ISIS 1 over essentially the same altitude
range and geographic areas as those selected for the ISIS X mission. In
addition, data were also desired from several very large areas of the world
which could not be explored by the previous satellites of the series, since
only real-time telemetry was available for the earlier missions.
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The ISIS 1 spacecraft included basically the same experiments as those of
ISIS X. In addition, it contained a fixed-frequency sounder similar to that
of Explorer 20, a VLF transmitter used to excite various VLF phenomena in the
vicinity of the spacecraft, a Beacon experiment, and instrumentation to
measure electrons and positive ions in the 10 eV to 10 keV energy range. This
last addition represented both an increased awareness of the importance (to
ionospheric phenomena) of particles in this energy range and an increased
emphasis on the development of suitable technology to make the required
measurements. The ISIS 1 objectives required a spacecraft far more complex
than the earlier spacecraft of the Alouette-ISIS program. The ISIS 1
satellite was the first of the Alouette-ISIS series to incorporate the
following features: (1) swept- and fixed-frequency sounder techniques combined
with a complete set of direct measurements; {(2) active spin maintenance and
spin-axis attitude control; and (3) onboard data storage. To meet these new
requirements the spacecraft design used on Alouette 2 had to be extensively
modified. New facilities had to be added to the ISIS 1 spacecraft, and the
capabilities of earlier facilities had to be greatly expanded.

When the design of the ISIS 1 spacecraft was initiated (1964), the
results of the ISIS X mission were not yet known. However, the spacecraft
potential problem was sufficiently understood to expect a successful
compatibility test on ISIS X and to proceed with plans for a complete
selection of direct measurement experiments on ISIS 1. The theory of the
antenna spin decay on Alouette 1 was still in a tentative stage, and even if
the passive spin decay compensation planned for Alouette 2 were successful,
changes in spin-axis orientation were a certainty and these changes would be
excessive for direct measurement experiments. Active spin rate and attitude
controls, therefore, were incorporated in the ISIS 1 spacecraft. Magnetic
torquing techniques were used to control the spin rate within the range 1 to 3
rpm and to correct the spin-axis attitude (when necessary) at a rate of 3 deg
per orbit.

The spacecraft tape recorder was a 4-track unit capable of storing data
from all 18IS 1 experiments simultaneously for several periods, for a total of
64 min. The playback data were telemetered to the master ground station at
DRTE. The playback speed was four times the recording speed. In order to
acquire data over locations inaccessible to the ground-based telemetry
network, it was necessary to provide an onboard programmer that could switch
on the desired experiments and the tape recorder at pre-selected times. A
total of five commands could be stored together with their times of execution.
These commands could be selected from a group of 10. The actual times at
which the data were obtained by the tape recorder were provided by a clock
that could be reset. The greater number of experiments to be controlled on
ISIS 1, the addition of a programmer and clock, and provisions for active spin
and attitude controls required that the command capability be expanded from
the 24 commands used on Alouettes 1 and 2 to the 216 commands used on ISIS 1.

The primary data acquisition system for ISIS 1 continued to be the
telemetry network used for Alouette 1 and for ISIS X. The tape recorder data
were intended to be supplementary and obtainable without causing a reduction
in the primary data acquisition. This was achieved by providing an additional
telemetry link operating at 400 MHz and having a bandwidth of 500 kHz. This
wide-band telemetry system also could be used to transmit real-time sounder or
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VLF data in the event of a failure of the wide-band 136 MHz telemetry link.
Finally, to operate the additional experiments and spacecraft systems, the
power system had to be greatly enlarged. The number of solar cells {(n-on-p
type) was increased from 6480 (Alouettes 1 and 2) to 11,000 (ISIS 1). It is
seen from the above discussion of the spacecraft experiments and systems that
the ISIS 1 satellite was much more complex than its predecessors. The greater
complexity also resulted in a significant weight increase from 145 kg
{Alouettes 1 and 2) to 241 kg (ISIS 1).

Another very important difference between ISIS 1 and the Alouette
satellites was in the basic approach used for the design and construction of
the ISIS 1 spacecraft. With the exception of the sounder antennas which were
manufactured by de Havilland Aircraft of Canada, Ltd., and with the exception
of some standard components available commercially, Alouettes 1 and 2 were
both completely designed and built at DRTE, a laboratory operated and staffed
by the Canadian government. The ISIS 1 spacecraft, on the other hand, was
built almost entirely by Canadian industry under contract to DRTE. The prime
contractor was RCA Victor (RCAV), Ltd., Montreal. SPAR Rerospace ILtd.,
Toronto, provided the mechanical structure and the sounder antennas. Thus,
with the ISIS mission, private industry in Canada became a major participant
in the Canadian space program. The overall management of the ISIS 1 mission,
however, remained at DRTE. A close cooperation established between DRTE and
RCAV ensured that RCAV derived maximum benefit from the extensive experience
with space technology available at DRTE.

ISIS 1 has now (1986) been operating for over 17 years, and its longevity
has exceeded the 10-year records of Alouettes 1 and 2. Because of its long
life, ISIS 1 was also able to provide data during the 1975-1976 sunspot
minimum and to participate in the IMS program (International Magnetospheric
Study, January 1, 1976, to December 31, 1979). The ISIS 1 satellite was the
oldest of the 27 IMS satellites.

4.5 1818 2 (launched April 1, 1971)

The official Canadian/U.S. statement of the ISIS 2 mission was as
follows: "To inject the spacecraft into a near circular earth orbit which
will permit the study of the topside of the ionosphere above the electron peak
of the F region. To continue and extend the cooperative Canadian/U.S. program
of ionospheric studies initiated by Alouette 1 by combining sounder data with
correlative direct measurements for a time sufficient to cover latitudinal and
diurnal variations during a period of declining solar activity."

An eccentric orbit such as the one selected for ISIS 1 was excellent for
the exploratory purposes of the ISIS 1 mission, but it was not well suited for
the ISIS 2 mission which stressed the study of latitudinal effects. When
direct measurements were made on ISIS 1, it was often very difficult to
separate latitude and altitude effects. The complete latitudinal (pole-to-
pole) variation of the vertical electron-density distribution could not be
satisfactorily derived from the ISIS 1 sounder data. At perigee, the sounder
data were very limited in altitude range; and at apogee, they suffered from
poor resolution. A circular orbit at 1400 km, which avoids these problems,
was found best suited for the I1SIS 2 mission.
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To fulfill the primary objectives, measurements were planned to study:
(1) the distribution of free electrons and of the various species of ions as a
function of time and position; (2) ionospheric irregularities such as spread-F
and field-aligned ionization; (3) the composition and fluxes of energetic
particles that interact with the ionosphere; and (4) the velocity distribution
of thermal electrons and ions. The ISIS 2 spacecraft included basically all
the ISIS 1 experiments plus two new ones. Of the 10 experiments similar to
those on ISIS 1, eight were almost identical and two provided essentially the
same information as their ISIS 1 counterparts but with different instruments.
Many of the additional objectives of ISIS 2, therefore, were similar to those
of ISIS 1, including cosmic-noise measurements, VLF studies, and energetic
particle investigations. The two new experiments were designed to study
atmospheric optical emissions at 6300, 5577, and 3914 A. The optical
experiments also required a circular orbit and attitude control.

Due to budgetary constraints, the design changes on ISIS 2 were kept to a
minimum. Consequently, as many systems and units as possible from ISIS 1 were
incorporated in the design of the ISIS 2 spacecraft. Thus, attitude control,
telemetry, command, data storage, and antenna and power systems on ISIS 2 were
essentially the same as those of ISIS 1. A few changes were made in the
sounder design to increase accuracy (onboard range marker and amplitude
calibration), output power (two 400-W power amplifiers) and versatility (mixed
mode, VLF/sounder mode, AIT mode). The AIT (Automatic Ionogram Transmission)
mode allowed for the automatic operation of the sounder system once every 3
minutes. This gave an opportunity for small institutions to acquire topside
ionograms with low-cost telemetry stations. The scope of the VLF experiment
was increased to include antenna impedance measurements (sounder short dipole
antenna measurements). The addition of two experiments and the various new
features added to the previous experiments led to a slight increase in
spacecraft weight from 241 kg on ISIS 1 to 256 kg on ISIS 2. The ISIS 2
spacecraft was built by Canadian industry under the same contractual
arrangements as were used for the design and construction of ISIS 1.

The ISIS 2 mission was initiated in 1971 during a period of declining
solar activity, and it has continued through the subsequent 1975-1976 sunspot
minimum. In order to give the various ISIS 2 experiments the opportunity to
acquire data under their "optimum operating conditions," the orientation of
the spacecraft axis has been changed periodically from an orientation
perpendicular to the orbital plane (cartwheel orbit) to an orientation
parallel to the orbit plane (orbit aligned). It took about 10 days to
accomplish these orientation changes. During this 10-day period, the
orientation was unfavorable for most of the experiments, and the power
available for experiments was significantly reduced. The orientation was
changed typically once every 3 months. Thus about 10 percent of the total
operational life of the satellite was spent for orientation maneuvers. The
ISIS 2 satellite has now (1986) been operating for over 15 years, and it has
participated in the IMS program with 10 of the 12 experiments still fully
operational and with all spacecraft systems (except for the data storage
capability) also fully operational. The ISIS 2 satellite has provided a
unique and most comprehensive combination of experiments for ionospheric,
auroral, and magnetospheric studies.
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5. Summary of Technological Accomplishments

The scientific and technological objectives of the Alouette-ISIS program
were met and exceeded in all five missions. The technological accomplishments
include

(1) the first launch of a NASA satellite from the Western Test Range
(California);

(2) near-perfect orbits for all missions;

{3) near-perfect spacecraft performance for all missions;

(4) very high percentage (>90%) of successful experiments;

(5) a major breakthrough in the design of extremely long extendible
spacecraft antennas;

(6) perfect deployment in orbit of these antennas;

(7) superiority of this new antenna design as evidenced by its adoption
and extensive use in many other space programs;

(8) the development of techniques to overcome the very severe spacecraft
potential problem caused by extremely long spacecraft antennas;

(9) major progress in the understanding of long spacecraft antenna
dynamics leading to the invention of a passive spin-control
technique;

(10) the first (and successful) use of sounder techniques in a satellite;
(11) the first successful combination of sounder and direct measurement
techniques, two techniques formerly considered to be incompatible;
(12) the extraordinary longevity of Alouettes 1 and 2 (10 years of
operation each) and the continued operation of ISIS 1 and 2
in 1986 after 17 and 15 years in orbit, respectively;
(13) the extraordinary longevity of the Alouette-ISIS program, which is
still active after 24 years.

6. Unique Aspects of the Alouette-ISIS Program

For many reasons, the Alouette-ISIS program is probably the most
outstanding of the international programs of NASA. The efforts of the
unusually competent and dedicated members of the Canadian team, together with
the wholehearted support of their U.S. counterparts, led to Canada's
spectacular entry into the space age with Alouette 1 on September 29, 1962.
The Canadian space program has since then maintained an unequaled record for
overall excellence, in both the scientific and applications areas.

The summary of technological accomplishments given above did not take
into consideration the international aspect of the Alouette-ISIS program.
This aspect of the program also includes an impressive number of
accomplishments.

(1) Alouette 1 was the first spacecraft completely designed and built by
a nation other than the United States or the Soviet Union.

(2) The Canadian-built Alouette 1 was as complex as any previously
launched U.S. or USSR satellite.

(3) The longevity of Alouette 1 was far greater than that of any
previously launched satellite.
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(4)

(5)

(6)

(7)

(8)

(9)

Until the early seventies, Alouette 1 was the satellite that had led
to the greatest number of scientific publications. A comparable
publication record has been achieved more recently by very large
orbiting observatories such as OGO 5.

The success of Alouette 1 was equaled, if not surpassed, by that of
Alouette 2, ISIS 1, and ISIS 2, the other Canadian-built satellites
of the program.

Since it is essentially as old as NASA itself, the Alouette-ISIS
program has lasted longer than (or as long as) any other NASA
program.

The program which started as a joint effort between Canada and the
United States grew steadily to include a total of 10 nations. All
participating nations provided telemetry stations, many of which were
built specially for the Alouette~ISIS program. The average length of
this participation has been about 10 years.

The program has led to an ISIS telemetry network (distinct from
NASA's telemetry network), which after 1972 has met most of the
telemetry requirements of the ISIS program.

Finally, the program has had an outstanding record in making the data
available to the scientific community. The Alouette-ISIS program was
the first satellite program to make extensive and well-documented
contributions of data to the international data centers.
Approximately 100 Alouette-ISIS data sets (Jackson and Horowitz,*
1986) are available at the National Space Science Data Center. The
magnitude of these data holdings can be conveyed by pointing out that
the one million Alouette 1 ionograms constitute only one data set.
Because of its very early support of data center activities, the
Alouette~ISIS Working Group also helped to develop some of the
procedures and policies for submitting satellite data to the data
centers. Data from the Alouette~ISIS program made available in this
manner have been used by over 50 research groups and agencies.

* J. E. Jackson and R. N. Horowitz, "Data Catalog Series for Space
Science and Applications Flight Missions, Volume 3B, Descriptions
of Data Sets from Low- and Medium-Altitude Scientific Spacecraft
and Investigations," NSSDC/WDC-A-R&S 86-~01, April 1986.
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TABLE 5. RETIRED ALOUETTE/ISIS DATA ACQUISITION STATIONS (MARCH 1984)°

STATION CODE NO. LONG LAT START END AGENCY™*
Deg Min Deg Min

Ascension Island ACN 56 345 41 -07 57 18 Apr 80 GSFC
Antofagasta, Chile AG 239 43 -23 37 29 sept 62 Jul 63 GSFC
Santiago, Chile AGO 08 289 19 -33 08 Jul 63 18 Apr 80 GSFC
Ahmedabad, India AME 57 072 31 23 01 28 Aag 65 Mar 81 PRL
Richland, Washington BAT 67 240 24 46 24 13 Nov 73 15 May 78 BATT
Boulder, Colorado BOUL 46 254 52 40 05 Dec 65 31 Mar 72 NOAA
Blossom Point, Maryland  BPT 01 282 30 38 25 29 Nov 65 01 Sep 66 GSFC
Bretigny, France BRET 79 002 21 48 36 19 Jun 66 16 Dec 72 CNES
Byrd sta., Antarctica BRDS 51 240 30 -80 00 Mar 65 22 Feb 71 STAN

Johannesburg, S. Africa BUR 16 027 42 -25 52 29 Nov 65 31 Oct 75 GSFC

Brazzaville, Congo BZV 97 015 15 -04 11 19 Jun 66 01 Jun 74 CNES
Las Palmas, Canary Is. CNA 93 344 34 27 50 Nov 67 31 Dec 75 CNES
College, Alaska COL 13 212 09 64 52 29 Sept 65 31 Oct 66 GSFC
Darwin, Rustralia DAR 65 130 49 -12 28 08 Jul 72 30 Dec 74 1IPSD
Greenbelt, Maryland ETC 24 283 09 39 00 18 Apr 80 GSFC
Fort Myers, Florida FTMY 03 278 08 26 32 29 Sept 62 09 Jul 72 GSFC
East Grand Forks, Minn. GRK 14 262 59 48 01 29 Sept 62 01 Jul 66 GSFC
Guam GWM 23 144 44 13 18 30 Jun 77 18 Apr 80 GSFC
Kauai, Hawaii HAW 37 200 20 22 08 Sept 75 31 bec 77 GSFC

Colomb Bechar, Algeria HMG 74 358 00 30 49 19 Jun 66 01 Jul 66 CNES

South Point, Hawaii HW 204 18 18 56 07 Nov 62 14 Jun 65 GSFC
Kano, Nigeria KNO 53 008 31 11 58 29 Sept 64 18 Nov 66 GSFC
Kourou, French Guyana KRU 92 307 92 05 15 03 Jan 72 Nov 80 CNES
Lauder, New Zealand LAU 60 169 41 -45 02 02 Nov 71 28 Sep 80 DSIR
Lima, Peru LIMA 06 282 50 -11 46 29 Nov 65 02 Aug 69 GSFC

Merritt Island, Florida MIL 71 279 18 28 30 01 Aug 73 31 Dec 77 GSFC

St. Johns, Canada NEWF 12 307 16 47 44 29 Sept 62 09 Mar 70 GSFC
Ouagadougou, Upper Volta ODG 26 358 50 12 41 19 Jun 66 31 Aug 76 CNES
Woomera, Australia oW 18 136 52 ~-31 23 29 Sept 62 Oct 65 GSFC
Prince Albert, sask. PA 254 04 53 13 29 Sept 62 Aug 63 CRC

Pretoria, S. Africa PTA 91 028 22 =25 33 06 Mar 70 23 Feb 81 CNES
Quito, Ecuador QUI 05 281 25 ~00 37 29 Sept 62 18 Apr 80 GSFC
Chilton, England RAL 15 358 41 51t 34 08 Apr 81 23 Dec 81 RAL

Resolute Bay, Canada RES 43 265 07 74 41 29 Sept 62 14 Aug 79 CRC

Rosman, North Carolina ROS 277 07 35 12 GSFC
Singapore SNPO 48 103 49 01 25 29 Sept 62 31 Jul 71 RSRS
Falkland Islands SOLA 38 302 10 =51 41 29 gept 62 31 Dec 72 RSRS
Thumba, India THU 82 076 52 08 32 04 Mar 72 Dec 77 RRL

Tromso, Norway TRM 69 018 56 69 39 16 Aug 66 Feb 77 NTNF
Winkfield, England WNK 15 359 18 51 26 29 sept 62 31 Mar 81 GSFC

.~ * The information in Table 5 was provided by J. David R. Boulding,
Manager, Spacecraft Ground Control, CRC, Ottawa, Canada.
** The agency abbreviations are explained in a list following Table 6.
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TABLE 6. DATA ACQUISITION STATIONS FOR ISIS SATELLITES AVAILABLE AS OF MARCH 1984*

STATION CODE NO. LONG LAT START AGENCY™*
Deg Min Deg Min

Terre Adelie, Antarctica ADL 35 140 01 -66 40 15 Jan 72 LGE
Kerguelen Island KER 84 070 12 -49 21 26 Mar 77 CNES
Kashima, Japan KSH 70 140 39 35 57 15 Aug 66 RRL
Ottawa, Canada OTT 50 284 07 45 21 29 Sept 62 CRC
Orroral, Australia ORR 21 148 57 -35 37 29 Nov 65 GSFC
Sodankyla, Finland SOD o8 026 38 67 22 05 Dec 77 GEFSO
Syowa, Antarctica SYO 80 039 35 -692 00 05 Apr 76 RRL
Fairbanks, Alaska ULA 19 212 29 64 58 29 Nov 66 GSFC
England UKZ 17 358 07 51 37 May 82

* fThe information in Table 6 was provided by J. David R. Boulding,
Manager, Spacecraft Ground Control, CRC, Ottawa, Canada.
** The agency abbreviations are explained below. R

SPONSORING AGENCIES FOR CURRENT AND RETIRED STATIONS

BATT - Battelle Institute, USA

CNES - Centre National d'Etudes Spatiales, France

CRC - Communications Research Centre, Canada

DSIR = Department of Scientific and Industrial Research, New Zealand
GEFSO - Geophysical Observatory, Finland

GSFC - Goddard Space Flight Center, USA

IPSD - Ionospheric Prediction Service Division, Australia‘
LGE - Laboratoire de Geophysique Externe, France

NOAA - National Oceanic and Atmospheric Administration, USA
NTNF - Council for Scientific and Industrial Research, Norway
PRL - Physical Research lLaboratory, India

RRL - Radio Research Laboratories, Japan

RSRS =~ Radio Space Research Station, England

STAN -~ Stanford University, USA

2
3

Rutherford and Appleton Laboratory, England
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Ntwwkhakwshhnrndrranwnhanbrwnnn ALOUETTE lawendonwnarmrdnrandnrbnn

SPACECRAFT COMMON NAME- ALOUETTE 1
ALTERNATE NAMZIS=~ 1962 BETA ALPHA 1,
ALOUETTE-A,y 00424

s 27

S 27A

NSSDC 1D~ 62-0494
LAUNCH DATE- 09/29/62 WEIGHT- 145.7 KG
LAUNCH SITE- VANDENBERG AFBy UNITED STATES
LAUNCH VEHICLE- THOR
SPONSORING COUNTRY/ZAGENCY

CANADA DRB«DRTE

UNITED STATES NASA-0SSA
INITIAL ORBIT PARAMETERS

ORB IT TYPE- GEOCENTRIC EPOCH DATE- 10/17/62

ORBIT PERIOD~- 105.5 MIN INCLINATION=- 80.5 DES

PERIAPSIS~ 996« KM ALT APOAPSIS~- 1032. KM ALT
PERSONNEL

PM - J.Es JACKSON NASA-GS=C

PM = ReKe BROWN(NLA) DRB=DRTE

PS = JeEe JACKSON NASA«GSFC

PS - EeSe WARREN(DECEASED DRB=DRTE
BRIEF DESCRIPTION

Alouette 1 Was a small fonospheric observatory

instrumented with an 4{onospheric soundery a VLF recelver, an

detectors and a cosmic noise exoseriment.
trom the satellite shell were two dipole antennas
(45¢7=- and 22.8=-m Llongy respectively) which were shared by
three of the experiments on the spacecraft. The satellite was
spin-stabilized at about 1.4 rom after antenna extension.
After about 500 dayss the spin slowed more than had been
expectedy to about 0.6 rpm when satellite spin-stabilization
faileds 1t 4is believed that the satellite gradually progressed
toward a gravity gradient stasilizatfon with the Longer antenna
pointing earthward. Attitude Information was deduced only from
a single magnetometer and temperature measurements on the upper
and Llower heat shieldss (Attitude determination could have
been in error by as much as 10 degs.) There was no tape
recardery so data were avallable only from the vicinity of
telemetry stationss Telemetry stations were located to provide
orimary data coverage near the 80 deg W meridian and in areas
near Hawail, Singapore, Australias furopey and Central Africa.
Inftiallyy, data were recorded for about & h per daye. In
September 1972y spacecraft operations were terminated.

energetic nparticle

Extended
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INVESTIGATION NAME- SWEEP-FREGUENCY SOUNDER

NSSDC ID- 62-043A-01 INVESTIGATIVE PROGRAM
CODE EEs SCIENCE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES AND RADIO PHYSICS
PERSONNEL
! PI ~ EeSe. WARREN(DECEASED) DOC~CRC
01l - JeMe WHITTEKER DOC-CRC
0l - JeEs JACKSON NASA=GSFC
0l - Le COLIN NASA~-ARC
0I = JeWse KING RUTHERFORD APPLETON L.
0l = ReWe KNECHT NATL BURZIAU OF STD
0I = Gele NELMS D0C=CRC
BRIEF DESCRIPTION

}

The ouroose of the sweed freaguency sounder sas to conduct
synoptic measurements of the electron density distribution in
the 1onosphere at altitudes between 300 and 1000 kme The
instrumentation consisted of a radio transmitter/receiver that
recorded the time delay between a transmitted and returned
radio pulse. A continuum of frequencies between 0.5 and 12 MHz

was sampled once every 18 s. Several delay times were usually
observed for each frequency due to ground reflectionsy plasma
resonancesy birefringence of the 1dionospherey nonvertical
propagationy, etc. Delay time was primarily a function of

distance traversed by
the propagation pathy
standard data form
(virtual distance
radio frequencye
from the donogramse.
and/or virtual height

the signaly the electron density along
and the mode of propagatfion. The

was an ionogram (graosh) showing time
of signal reflection from the satellite) vs
Two other common forms of data were prepared
They wWere (1) digital freguency data
values of characteristic ionospheric
features and (2) computations of electron density profilese
Performance far exceeded expectatfons for the experiment.
Initiallyy observations were recorded for about 6 h per day.
'The experiment provided data for 10 full yearse.
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INVESTIGATION NAME- ENERGETIC PARTICLES DETEEIORS

NSSDC ID- 62-049A-02 INVESTIGATIVE PROGRAM
CODE EEs SCIENCE
INVESTIGATION DISCIPLINZ(S)
PARTICLES AND FIELDS
PERSONNEL
PI - I.B. MCDIARMID NATL RES COUNC OF CAN

BRIEF DESCRIPTION
This experiment

objectives were to

Lower portion of

consisted of six detectors whose

determine the intensfity structure of the
the outer van Allen radiation belt at high
Latitudes and measure intensity changes assoctated with solar
and geophysical phenomenay particularly aurorase The firsty» an
Anton 302 Geiger countery was in a shielded part of the package

and was .used only for omnidirectional measurements of protons
and electrons with energies greater than 33 and 2.8 MeV,
respectivelye. An  Anton 223 Geiger countery which pointed 10

deg off the spacecraft spin axisy responded directionally to
electrons and protons with energles greater than 40 and 500
keVy respectively. A second Anton 223 Getger countery pointed
paratlel to the spacecraft spin axis and coupled to a magnetic
brooms responded directionally to etectrons and protons with
energies greater than 250 and $00 keV. Omnidirectionallysy both
Gelger counters responded to electrons and protons with
energies greater than 2.8 and 33 MeVs respectivelys The fourth
detectors a silicon Junctiony was collimated to Look 10 deg off

the spin axis. Directionalily, it responded to protons and
alpha particles 4n the energy ranges 1.3 to 7 and 4.3 to 28
MeVy respectively. omnidirectionallys the silicon junction

responded to protons 1in the energy range S5 to 60 Mev., The
Last two detectorsy a Gefger telescope consisting of two trays
of Phitips 18509 Geiger counters and a plastic scintillator
Located between the two Geiger counter trays of the telescopes
were pointed perpendicular to the spacecraft spin axiss. These
detectors had only directional responses to protons and alpha
particles with energies greater than 108 and 400 MeV,
respectively. This experiment performed well tnitially and was
turned off on January 29, 1968y though still performing
normallye No alpha particle data were obtained from this
experiment.
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INVESTIGATION NAME- VLE RECEIVER
NSSDC ID-

62~049A-03 INVESTIGATIVE PROGRAM

CODE EZy SCTIENCE
INVESTIGATION DISCIPLINE(S)

IONOSPHERES AND RADID PHYSICS
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PERSONNEL
PI - JoSe« BELROSE DOC~-CRC
0I - F.He PALMER DEFENCE RESEARCH ESTAB
O = HeGe JAMES 0aC~-CRC

BRIEF DESCRIPTION
The npurpose of the VLF experiment was to investigate the
propagation characteristics of natural and manmade VLF signals.

This experiment was a wideband high-gatn recelver ~ith a
passband from 0.4 to 10 k4z using only the Llongest (43,7 m)
sounder antenna. The receiver outputy which sensed the

electric field component of the signal strengthy was maintained
constant by means of an AGC loopse The standard VLF data form
was a sonogram (grash) shoaing signals as a function of time
and frequencye. Whistlers and radio noise of varfous origins
were observed in this region of radio frequencies. Performance
had been nominal since lLaunchy exceot for interference from the
sounder which had not prevented observation of useful data.
The sounder operation was most frequents, but » small percentage
of observations were VLF only or both VLF and sounder.
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INVESTIGATION NAME- COSMIC RADIO NOISE

NSSDC ID- 62-D49A-04 INVESTIGATIVE PROGRAM
CODE EEs SCIENCE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES AND RAJIO PHYSICS
ASTRONOMY
PERSONNEL
PI = TeRe HARTZC(RETIRED) DOC-CRC

BRIEF DESCRIPTION
This exoeriment utilized the ionosonde recefver automatic
control (AGD) voltage to measure the galactic and solar
nofse Llevels. The sweep-frequency receiver covered the
range from 0.5 to 12 MHz in 18 s+ but below 5 MHz the system
response drooped off raoidly. The receiver had a noise figure
of 15 dBs a bandwidth of 33 kHzy and a dynamic range of 50 dB.
The antennas were two orthogonal dipolesy 45.7 and 22.8 m Long,
Located orthogonal to the spacecraft spin axis. The experiment
functioned satisfactorilyy oroviding retatively good freauency
resolution with relatively poor flux resolution,

gain
radio
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SPACECRAFT COMMON NAME- IE-A
ALTERNATE NAMES= EXPLORER 204 S 48
T0PSI, 00870

NSSDC ID=- 64-051A

LAUNCH DATE- 08/25/64 WEIGHT=- 44, KG
LAUNCH SITE- VANDENBERG AFB,
LAUNCH VEHICLE- SCOUT

UNITED STATES

SPONSORING COUNTRY/AGENCY

UNITED STATES NASA-QSSA

ORBIT PARAMETERS

ORBIT TYPE- GEOCENTRIC EPOCH DATI=- 12/12/65

ORBIT PERIOD~ 104e MIN INCLINATION- 79.9 DEG

PERIAPSIS~ 864s KM ALT APOAPSIS- 1025, KM ALT
PERSONNEL

PM - JeE. JACKSON NASA-GSFC

PS =« JeEs JACKSON NASA=GSFC
BRIEF DESCRIPTION

Explorer 20 was designed to measure electron

distribution, 4don density and temperatures and to estimate
cosmic noise Levels between 2 and 7 MH2. The satellite was a

small ionospheric observatory instrumented with a six-frequency
fonospheric sounder and an fon probes A cosmic noise
expertment used the noise signal from the sounder receivers.
The satellite consisted of a short cylinder terminated on
efther end by truncated cones. The ion probes mounted on a
short boomy extended from the upper conees The six sounding
antennas (3 dipoles) extended from the satellite equator. One
pair of 18,28 m antennas formed the dipole used for the low
frequenciesy and the other two dipoles consisted of four 9.14 =
antennas. The satellite was spin stabilized at 153 rpm Just
after antenna extensionsy with the spin axis initially very
close to the orbit plane. At the end of 1 yeary the spin had
slowed to 0.45 rpm. Since there was no tape recorder, data
were received only in Jhe vicinity of telemetry stations.
Telemetry stattons were located to provide orimary data

32

coverage near 80 deg W plus areas near Hawaiis Singapore,
Englandy Australias and Africa. Data were recorded for periods
of 1/2 h to over 4 h per day depending upon available power.
Even though there were problems with telemetry and
interferencey the experiments operated satisfactorily for about
16 months. A large spacecraft plasma sheath prevented the ion
probe data from oveing wuseful 4in spite of attempts to
compensates For this spacecrafts the 1-yr automatic satellite
turnoff was disconnected just prior to Launche The satellite
responses to command signals were not dependable after Jecember

20y 19659y and the satellite transmitters which was often
spuriously turned ons did not respond to a turnoff commands
31BLIOGRAPHY
S 171 201 271 362 428 440 441 442 511

513 514 792 303 307
e~==e== JE~Ay KNECHT===cvemremncarrncmacnccmccnno e atatad -
INVESTIGATION NAME- FIXED~-FREQUENCY IONOSONDZ
NSSOC ID- 64-D051A-~01 INVESTIGATIVE PROGRAM

CODE EE/CO-0Py SCIENCE
INVISTIGATION JISCZIPLINI(S)
IONOSPHERES AND RADIO PHYSICS

PERSONNEL

PI - ReowWe KNECHT NATL BUREAU OF STD

O = We CALVERT U OF I0WA

0l - Te.E« VAN ZANDT NOAA-ERL

01 = ReBs NORTON NOAA-ERL

01 - J«Me WARNICK NO AR/
BRIEF DESCRIPTION

The purpose of the fixed-frequency Jonosonde was to

investigate 4donospheric electron density in the altitude range
300 to 1000 km. The experiment was most useful for the study

of frregularities in the electron density distribution and for
the 4investigation of fine structure in the plasma resonances.
The fixed-frequency ionosonde was a radio transmitter-receiver
that recorded the time delay between a transmitted and a
returned radio pulse. Six specific frequencies from 1.5 to
722 MHz wWere sampled in sequence once every 0.105 second.
Several delay times were often observed for each frequency due
to plasma resonances, birefringence of the 1dionospherey
nonvertical propagationy etce Delay ¢time was primarily a
function of distance traversed by the signaly electron density
along the signal pathy and the mode of propagation. A total of
1450 h of data was acquired. Most of these data were of
adequate quatity to prepare ionograms. Since only time 1is
noted on each donograms satellite position and other related
information must be obtained from world maps.
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INVESTIGATION NAME- SPHERICAL ION=-MASS SPECTROMETER

NSSDC ID- 64-051A-02 INVESTIGATIVE PROGRAM
CODE EE/CO=-0Py SCIENCE
INVESTIGATION DISIIPLINI(S)
IONOSPHERES
AERONOMY
PERSJNNEL
PI - R.LF.BOYD(RETIRED) U COLLEGE LONDON
01 - A.Pa WILLMORE U OF BIRMINGHAM

BRIEF DESCRIPTION

The don probe on Explorer 20 Wwas a spherical retardin
potential instrument from which don mass spectra and io
temperatures could be determineds It consisted of a spherica
inner electrodes 5 e¢m in diamy surrounded by a spherical
gridded (0.5 mm holes)y nickel foil coveringy 10 cm in diam an
0.1 mm thicke A negative charge was maintatned in the grid t
remove electron effectse The more massive ions passed throug
the grid to form an Jon current dependent upon the volitag
condition of the inner electrodes A slow-sweeping sawtoot
potential from about =2 to +10 volts (with two lLow-voltage
0.5- and 3I«2-kHz sfinewave forms impressed upon it) provided
profile of wvoltage versus ion current, The change in slope ©
the voltage wversus 1Yon current profitey gfves the energ
distribution profile, whichy for thermal donss, is a function o
{on mass and satellite velocity. Thermal {fon velocitie
broaden the mass peaks somewhat and thereby degrade mas
resolution slightlys but this broadening effect was used t
deternine the ion temperature. Analysis of current vartatior
resulting from the two sinewave forms on the sweep voltage
provided the required slope change data for analysis of tf
profiles, The oprobe was mounted at the positive end of tt
spin  (2) axis on a short tubular support. With the nomine
spin axisy perpendicular to the orbit planes this arrangemer
eliminated spin modulation of the observationss Although th
experiment functioned properlys the occurrence of a (arg
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olasma sheath apout the soacecrafty orevented acquisition of
scientffically useful data.
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INVESTIGATION NAME=- COSMIC NOISE

NSSOC 1ID=- 64-051A-03 INVESTIGATIVE PROGRAM
CODE EE/CO0-0Py SCIENCE
INVESTIGATION DISCIPLINE(S)
IONVOSPHERES AND RAJIOQ PHYSICS
ASTRONOMY
PERSONNC L
PI = ReGe STONE NASA-GS®C

BRIEF DESCRIPTION

The <cosmic noise experiment utilized the noise signal

from the sounder receiver to investigate cosmic noise in the
leS= to 7.2-MHz frequency range. The measurements were in
rough agreement wWith previous observations of cosmic noise.

The receiver calibrations howevery was not sufficiently

acturate to yteld new scientific resutts.
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SPACECRAFT COMMON NAME- ALOUETTE 2
ALTERNATE NAMES~- ALOQUETTE-By S 278
ISIS-Xy 01804

NSSDC ID- 6S=-098A
LAUNCH DATE- 11/29/65 WEIGHT- 146. KG

LAUNCH SITE~- VANDENBERG AFBs UNITED STATES
LAUNCH VEHICLE- THOR

SPONSORING COUNTRY/AGENCY
CANADA
UNITED STATES

DRB-DRTE
NASA-0SSA

INITIAL ORBIT PARAMETERS

ORBIT TYPE- GEOCENTRIC EPOCH OATE- 11/30/65

ORBIT PERIOD- 121,4 MIN INCLINATION= 79.8 DEG

PERIAPSIS- 505, KM ALT APOAPSIS~- 2987+ XM ALT
PERSONNEL

PM « EeDe NELSEN(NLA) NASA=GSFC

PM « C.Deo FLORIDA(DECEASED) ORB-DRTE

PS = 1. PAGHIS(RETIRED) DRB=-DRTE

PS = JeEe JACKSON NASA=GSFC

BRIEF DESCRIPTION

Alouette 2 Was a small fonosoheric observatory
instrumented with a sweep=-frequency ionospheric soundery a VLF
recefvery an energetic particle experimenty a cosmic noise
exoeriments and an electrostatic prooe. The soacecraft used
two Llong dipole antennas (73 m and 22.8 my respectively) for
the soundery VLFy and cosmic noise experiments. The satellite
was spin-stabilized at about 2.25 rom after antenna deployment,
£nd plates on the 73 m antenna corrected the rasid despin that
had occurred on Alouette 1y and which was believed to result
from thermal distortion of the antenna and from radiation
pressure, There was no tape recordery so that data were
avaflable only when the sd>acecraft was in line of sight of
telemetry stations. Telemetry stations were located so that
primary data coverage was near the 80 deg W meridan plus areas
near Hawatty Singaporey Australia, Englandy Indias Norways and
Central Africas Initfally data were recorded 2bout 8 h oer
daye. Degradation of the power supply system hads by June 1375,
reduced the operating time to about 1/2 h per daye. Routine
operations were terminated 1in July 1975. The s>acecraft was

successfully reactivated on November 28 and 29y 1975y in order
to obtain data on its 10th annniversary.
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INVESTIGATION NAME- SWEEP-FREIUENCY SOUNDER

INVESTIGATIVE PROGRAM
CODE EE,y SCIENCE

NSSDC ID- 65-098A-01

INVESTIGATION DISCIPLINEC(S)
IONOSPHERES AND RADIO PHYSICS

PERSONNEL
PI - E«Se. WARREN(DECEASED) 00C-CRC
0I = JoHe WHITTEKER DOC-CRC
0I = JeEe JACKSON NASA-GSFC
0I = JoWe KING RUTHIIFIRD APPLETON L.
0I - L. COLIN NASA=-ARC
oI - Je TURNER TONOSPHERIC PRED SERV
0I - Ce TAIEB CNETY
0l - 0. HOLT AURORAL 0BS
0I - GelLs NELMS 00C~-CRC
0l - Y. 0GATA RADIO RESEARCH LAB
0I - R. RAGHYAVARAOD PHYSIZAL RESZARCH LASB
0L =~ GeEK.LOCKWOOD 00C-CRC

BRIEF DESCRIPTION

The purpose of the sweep-frequency sounder experfiment was
to extend the Alouette 1 measurements to higher altitudes (3000
km) and to a different perfod of the solar cycle. The Alouette
2 sounder was also designed to provide greatly improved
observations of plasma resonanceses The sweep-freauency
fonosonde was a radio transmitter/recefver that recorded the
time delay between a transmitted and returned radio frequency
pulses A continuum of frequencies between 0¢12 and 1445 MHz
were sampled once every 32 s. A multiplicity of delay times
was usually observed due to birefringence of the ionospheres
nonvertical propagationy ground echoesy plasma resonancesy etce
Delay time was prinarily a function of distance traversed by
the signaly electron density along the propagation paths and
mode of propagation. The standard data form is an fonogram
(graph) showing delay time (virtual distance of signal
reflection from the satellite) versus frequency. Two other
common forms of data were prepared from the ionograms. They
are digital frequency and/or virtual height values of
characteristic fonospheric features and computations of
electron density profiles.
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INVESTIGATION NAME- VLF RECEIVER

NSSDC ID- 65-0984-02 INVESTIGATIVZ PROGRAM
CODE EEy SCIENCE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES AND RADIO PHYSICS
PERSONNEL
PI = J.Se BELROSE D0C-ZRC
0I = FeHe PALMER DEFENCE RESEARCH ESTAB
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BRIEF DESCRIPTION

The purpose of the VLF experiment was to fnvestigate the
VLF radio spectrum for whistlerssy chorus, hissy and resonance
effectss The VLF experiment was a wideband high-gain recetver
with a passband from 0.05 to 30 kdz that used the Long sounder

antennaes The instrument was a considerably improved version of
the Alouette 1 receiver, The standard VLF data form was a
sonogram (graph) that showed signal as a function of time and

Whistlerss fonospheric noises VLF noises etc. were
this very Low region of the radio frequency

frequency.
observed 1n
spectrum.
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INVESTIGATION NAME- COSMIC RADIO NOISE

INVESTIGATIVE PROGRAM
CODZ EEs SCIENCE
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BRIEF DESCRIPTION

This experiment used the ionosonde receiver automatic
gain control (AGC) voltage to measure background radio noise
from the {onospherey galaxyy and sun. The antennas were
dipoles 23 and 73 m long. The recefver swept the range 0.1 to
15 MHz every 32 se The receiver bandwidth was 40 kHzs and the
dynamic range was 80 dB. The receiver sensitivity permitted
galactic radio emissfon observations at frequencies greater
than 0.6 MHz, The experiment functioned satfisfactorily,
sroviding good freguency resolutfon aith relatively poor flux
resolution.
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INVEST IGATION NAME~ ENERGETIC PARTICLE DETECTORS

INVESTIGATIVE PROGRAM
CODE EEs SCIENCE

NSSDC ID- 65-098A-~04

INVESTIGATION DISCIPLINE(S)
PARTICLES ANO FIELDS

PERSONNEL
PI1 = leBs MCDIARMIO NATL RES COUNC OF CAN

BRIEF DESCRIPTION

The purpose of the energetic particle experiment was to
tnvestigate the Vvan Allen radiation belt at high latitudes.
The Alouette 2 energetic particle experiment was composed of
seven detectors. Four of these were Geiger~Mueller (GM) tubes.
The first responded to electrons greater than 3.9 MeV and
protons greater than 40 MeVe The second had a magnetic broom
and responded to electrons greater than 250 keV and protons
greater than 500 keVe The third responded to electrons greater
than 40 keV and protons greater than 500 keVe These three GM
tubes were perpendicular to the spin axis. The fourth GM tube
was 10 deg from the spin axis and responded to electrons
greater than 40 keV and protons greater than 500 keVe The
fifth detector was a stflicon Junction that detected protons and
alpha particles with mininum energies of 1 and S5 Mev.
respectivelys and maximum energies of 8 and 24 MeV,
respectively. The sixth detector was a Geiger telescope that
detected orotons greater than 100 MeV. The seventh detector
was a plastic scintillator that determined the proton soectra
in the energy range from 100 to 600 MeV. Particles associated
with auroral and solar events were studied. No alpha particle
data were obtained from this exseriment.
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INVESTIGATION NAME- CYLINDRICAL ELECTROSTATIC PROBES

INVESTIGATIVE PROGRAM
CODE EEs SCIENCE

NSSDC 1D- 65~098A-05

INVESTIGATION DISCIPLINE(S)
IONOSPHERES
AERONOMY

PE RSONNEL
P1 = L.He BRACE NASA-GSFC

BRIEF DESCRIPTION

Two cylindrical electrostatic probes were used to measure
tocal electron temperature and density at the satellite. The
main purpose of this experimenty howevers was to determine the
feasibility of placing direct measurements on 3 spacecraft
equipped with the Long antennas required for tooside sounding.
The sensors were operated as Langmuir probes and consisted each
of a collector electrode extending from the central axis of a
cylindrical guard rings The guard ring extended 23 ¢m from the
spacecraft and the collector electrode extended 46 cme The two
sensors were mounted on opposfite sides of the Lower portion of
the satellite and both extended downward at an angle of 45 deg
to the spacecraft spin axisy which was oriented in a northward
direction 4n the orbital plane. The sensors were operated
sequentially. NSSOC has atl the useful data that exist from
this fnvestigation,
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SPACECRAFT COMMON NAME- DME-A
ALTERNATE NAMES- EXPLORER 31y ISIS=X
01806, S 304

NSSDC ID- 65-098B
LAUNCH DATE- 11/29/65 WEIGHT= 99.0 KG
LAUNCH SITE- VANDINBERG AFBy UNITED STATES

LAUNCH VEHICLE=- THOR

SPONSORING COUNTRY/AGENCY
UNITED STATES NASA~QSSA
INITIAL ORBIT PARAMETERS

ORBIT TYPE- GEOCENTRIC EPOCH DATE- 11/30/65

ORBIT PERIOD=- 121+4 MIN INCLINATION- 73.8 DES

PERIAPSIS- 505. KM ALT APOAPSIS- 2978 KM ALT
PERSONNEL

PM - E.De NELSEN(NLA) NASA=GSFC

PS =~ JesEs JACKSON NASA=-3S87C
BRIEF DESCRIPTION

Explorer 31 Was a small donospheric observatory
instrumented to make direct measurements of selected
ionospheric parameters at the spacecrafts. It carried seven
experiments? a thermal {on experiments a thermal electron
experimenty an electrostatic probesy an electron temperature
probey a spherical mass spectrometers an energetic electron
current monitory and a magnetfc fon-mass spectrometer. Since
the spacecraft had no tape recordery data could be observed at
the spacecraftt only when the spacecraft was in sight of the
telemetry station and when commanded on. Zxperiments were
operated either simultaneously or sequentiallysy as desired.
The satellite wWas spin-stabilized with the spin axis
perpendicutar to the orbit planes The spin rate and spin axis
were controlled by an onboard magnetic torauing systeme The
attttude and spin rate 4information were observed by a sun
sensor and a three-axis magnetometer, Satellite performance
was satisfactory except for a parttal power fallure in May
1966%y which reduced data acquisition time to about half the
nominal amounte Some difficulties were encountered in
obtaining attitude 1informatton that was necessary for the
reduction of the experiment observations. On July 1y 1353, the
satellfite data observations were terminated with five of the
seven experiments operating. Responsibility for standby
monitoring of the satellite was given to the ESSA telemetry
station at Bouldery Colorados on July B8y 1969. DJuring this
standby operationy experiment data were collected only once on
October 1y 1969y for 9 min from the electrostatic probe for use
in studying'a red arc evente On January 15y 1371y no response
was received from a variety of satellite commandss and the
satellite was abandoned.
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INVESTIGATION NAME- THERMAL ION PROBE

INVESTIGATIVE PRIGRAM
CODE EEs SCIENCE

NSSDC ID0- 65-0988-01

INVESTIGATION DISTZIPLINE(S)
IONOSPHERES
AERONOMY

PERSONNEL
PI = JeLe DONLEY NASA-GSFC

BRIEF DESCRIPTION

The purpose of the thermal fon probe experiment was to
measure {on densftyy temperatures and composition at the
satellite, The sensor consisted of a planar ifon trap witt
three circular mesh grids and a collectors with the innermost
suppressor grid maintained at ~15 V to exclude electrons anc
the middle retarding grid swept from zero to 6.3 Vs the
resulting current-voltage curve due to fon current was
interpreted to ootain fon temperatures ion compositions anc
density. Determination of these parameters was made by curve
fittingy assuming various models of fon parameters and assuming
that the model with the least rms residual was correct. The
associated electronics were shared with experiment £5-0988-06.
Further detafils are given in J. L. Donleys "The thermal ¥on anc
electron trap experiments on the Explorer XXXI satellite,*
Proce IEEEs ve 57y ne 69 ppe 1061-1067y June 1363, NSSDC has
all the useful data that exist from this investigation,
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INVESTIGATION NAME- CYLINDRICAL ELECTROSTATIC PROBES

INVESTIGATIVI PROGRAM
CODE EEs» SCIENCE

NSSDC I1D- 65-098B-02

INVESTIGATION DISCIPLINE(S)
AZRONOMY
IONOSPHERES



|

)

PERSONNEL

PI - L«Hs. BRACE NASA-GS=C
BRIEF DESCRIPTION

The cylindrical electrostatic prooes were used to measure

electron temperature and density 1in the {onosohere. Each
sensor was basfcally a Langmuir probe consisting of a collector
electrode extending from the central axis of a cylindrical
guard ring. The guard rings extended 23 cn from tnhe spacecraft
and the <collector electrode extended 46 cms The two sensors
were mounted on opposite sides of the spacecrafty and were
oerpendicular to the spin axis and in the orbit plane. Data
sets are no lLonger available from this exper iment.
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INVESTIGATION NAME- ELECTRON TEMPERATURE

NSSDC ID- 65-098B~03 INVESTIGATIVE PROGRAM
CODE EEs SCIENCE
INVESTIGATION DISCIPLINE(S)
PERSONNEL
PI =~ AePs WILLMORE U OF BIRMINGHAM

BRIEF DESCRIPTION

The purpose of the electron temperature probe was to
measure the energy distrfbution of ionospheric electrons. From
these measurements electron temoerature and density could be
derived. The sensor was a disks 2 ¢cm in diameters mounted
ftush Wwith the satellite surface. The probe current-voltage
characteristics were investigated by means o5f the same
modulation technique that was used in the spherical ton-mass
spectrometer. (See description for 65-098B~04.)
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INVESTIGATION NAME~ ION MASS SPECTROMETER

NSSDC 10~ 65-0988-04 INVESTIGATIVE PROGRAM
CODE EEs SCIENCE
INVESTIGATION DISCIPLINE(S)
PERSONNEL
PI - A+Ps WILLMORE U OF BIRMINGHAM

BRIEF DESCRIPTION

The spherical 1{ion mass soectrometer proose was used to
investigate the composition of posttive 1{fons at altitudes
between 500 and 3000 kme The instrument consisted of a 3 em
diameter fon collectory circumscribed by & 10, cm diameter
nickel grid that was adoroximately 40X transpareats The grid
had a 6-V bias to prevent electrons from reaching the
collectors The probe rested on top of a 32=-cm=long rod mounted
along the satellite spin axis. In addition to the principal
bias-potential sweeps two small ac potentials were aoplied to
the collector. The amplitude and depth of modulation of the
resulting carrier current were then measured as a function of

prope potential. This "retarding potential” fon spectrometer
had Low resolution. Hydrogens w«ith a mass-to-charge ratio
(M/Q) of 1, was readily distinguished from atomic oxygen tons

(M/Q = 16). (M/Q = 14)

The signal current

Howevers could not

from atomic oxygen jons.

atomic nitrogen ions

e distinguished
Fo t he probe varied inversely with d{onic masss and
consequentlyy the fdnstrument was Less sensitive to heavy
masses. When the concentratfon of., atomic oxygen fons was

than 300 ions per ctcy accurate
could be made for the atomic oxygen

significantly
temperature

greater
measurements

fons. Further details of the experiment can be found in G. L.

Wrenny "The Langmuir probe and spherical fon probe experiments

aboard Exolofer 31+" Proce IEEEs ve 459 ne 69 0e 1072y 1969,
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NVESTIGATION NAME- MAGNETIC ION-MASS SPECTROMETER

SSDC 1D- 65-098B~-05 INVESTIGATIVE PROGRAM
CODE EEs SCIENCE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES
AERONOMY
ERSONNEL
PI = JeHe HOFFMAN U OF TEXASs DALLAS

BRIEF DESCRIPTION

A magnetic sector field mass spectrometer was used to
measure the abundances of the {onospheric positive ion species
in the mass range 1 to 20 atomic mass units. The mass range
was swept every 3 s by an exponentially decreasing accelerating

voltagey which varied from =-4000 to ~150 voltse The fons were
separated according to mass-to-charge ratio in the magnetic
analyzer section of the spectrometer. A particular fon

speciesys depending on the accelerating voltagey was then passed
through the analyzer into an electron multiplier. The output
1on current from the multiplier was measured by a Logarithmic
electrometer amplifier and converted to a voltagee The

experiment operated normally and yielded wuseful data from
Launch on November 29, 1965y until about April 1967. Then low
battery voltage resulted in a voltage regulator problems The

experiment provided useful data only intermittently after thaty
and it failed 1in March 1968. NSSDC has all the useful data
that exist from this investigation.
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INVESTIGATION NAME- THERMAL ELECTRON PROBE

NSSDC ID=- 65-098B-06 INVESTIGATIVE PROGRAM
C0dZ EEy SCIENCE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES
AERONOMY
PERSONNEL
PI = Jele DONLEY NASA-GSFC

BRIEF DESCRIPTION

The opurpose of the thermal electron probe experiment was
to measureg the electron density and temperature at the
satellite. The instrumentation was a modified Langmuir probe
in which unwanted {fon and photo~current components were
eliminated through the wuse of a grid with appropriate biass
The grid was mounted flush with the satellite surface and it
received a sweep voltage of from =5 to +4 V. The ctollector was
bfased at +25 V. From the measured current-voltage data the
electron denstty could be obtained with an accuracy of about
20%. The electron temperature could normally be obtained with
an accuracy of about 150 deg Ky but a computer curve-fitting
analysis improved the accuracy to about 10 deg Ko The
associated electronics were shared with experiment 65-0988-01.
Further details can cse found in J. Ls ODonleys "The thermal ion
and electron trap experiments on the Explorer XXXI satellites”
Proce JEEEy ve 579 ne 6y pPpe 1061-1067y June 1969, NSSDC has
all the useful data that exist from this fnvestigation.
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INVESTIGATION NAME- ENERGETIC ELECTRON CURRENT MONITOR

NSSDC ID- 65-098B-07 INVESTIGATIVE PROGRAM
COJ0Z EEZs SCIENCIE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES
AERONOMY
PERSONNEL
Pl = E+Jo MAIER NASA-GSFC

BRIEF DESCRIPTION

The purpose of ¢this experiment was to measure the
electron energy spectrum 4in the suprathermal energy range of
0.2 to 2000 ev. Two three-grid retarding potential analyzers

were useds one providing analog data in the 0.2 to 200 eV range
and the other providing digital data 4n the 0.2 to 2000 ev
range. The two analyzers had separate power supplies and
associated electronics. The 1instrumentation for the digital
measurement included an etectron multiplier and a digital pulse

counting system. Because of moisture contamination of the
detector 1in the Launch tower prior to Launchy the gain of the
electron multiplier was so degraded that no geophysical
measurements could be obtained.s The instrumentation for the

analog measurement included a range-changing electrometers The
analog data were plots of the measured current-voltage
functione The analog experiment yielded excetlent data for 4
monthsy after which the experiment deteriorated because of
radiation damage to {ts circuitry. Further detaits of the
analog and digital instruments are presented in Z. Js. R. Mafier,
"Explorer XXXI total current monitor experimentss™ Proce. IEEE,
ve 57y Ne 6y pPe 1068-1071y June 19569, NSSDC has all the
useful data that exist from this investigat fon.
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SPACECRAFT COMMON NAME- ISIS 1
ALTERNATE NAMES=- ISIS-Ay 03669

NSSDC ID~- 69-0094A

LAUNCH DATE- 01/30/69 WEIGHT- 241. KG

LAUNCH SITE- VANDENBERG AFBs UNITED STATES
LAUNCH VEHICLE- DELTA

SPONSORING COUNTRY/AGENCY

CANADA DRB=DRTE
UNITED STATES NASA-0SSA
JAPAN RRL

INITIAL ORBIT PARAMETERS

ORBIT TYPE- GEOCENTRIC EPOCH DATE- 02/04/69

ORBIT PERIOD- 128442 MIN INCLINATION=- 88.42 DEG
PERIAPSIS~ 578, KM ALT APOAPSIS~ 3526, XM ALT
PERSONNEL

PM = LeHs BRACE NASA~GSFC

PM - CeDe FLORIDA(DECEASED) DRB=DRTZ

PS = L.He BRACE NASA-GSFC

PS = I. PAGHIS(RETIRED) DRB-DRTE

PS = JeEe JACKSON NASA=GSFC

BRIEF OESCRIPTION
1$SIS 1 was an fonospheric observatory instrumented with

sweep~ and fixed=-frequency fonosondess a VLF receivers
energetic and soft particle detectorsy an fon mass
spectrometery an electrostatic probes an slectrostatic

analyzery a beacon transmitters and a cosmic noise experiment.
The sounder used two dipole antennas (73 and 18.7 m Llongl)e The
satellite was spin-stabilized at about 2.9 rpm after antenna
deoloyments Some control was exercised over the spin rate and
attitude by using magnetically induced torques to change the
spin rate and to precess the spin axis. A tape recorder with
1-h capacity was 1{included on the satellite. The satellite
could be programmed to take recorded observattons for four
different time periods for each full recording periods The
recorder data were dumped only at Ottawaa For
non-tape-recorded observationss data for the satellite an3i
subsatellite regions could be acquired and telemetered when the
spacecraft was in the Line of sight of telemetry stations. The
selected telemetry stations were 4n areas that provided primary
data coverage near the 80-deg-W mer{idian and in areas near
Hawaiiy Singaporey Australias Englands Norways India, Japan,
Antarcticas New Zealandy, and Central Africa. NASA support of
the IS1IS project was terminated on October 1, 1979, A
significant amount of experimental datas howevers was acquired
after this date by the Canadian project team. Isis 1
operations were terminated 1n Canada on March 3, 1984. The
Radio Research Laboratories (Tokyoy Japan) then regquested ang
received permission to reactivate ISIS 1. Regular ISIS 1
operatfons were started from Kashima, Japans in early August
1984,
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INVESTIGATION NAME- SWEEP-FREQUENCY SOUNDER

INVESTIGATIVE PROGRAY
CODE EE/CO-0P, SCIENCE

NSSDC ID- &5-009A-01

INVESTIGATION DISCIPLINE(S)
TONOSPHERES AND RADIO PHYSICS

PERSONNEL
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0I = Y. 0GATA RADIO RESEARCH LAB
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0I - ReBe NORTON NOAA=~ERL
0I = KeLo CHAN NASA=ARC

0l = ReSe UNWIN DEPT OF SCI+INDUST RES

BRIEF DESCRIPTION

The purpose of this experiment was to investigate the
fonospheric electron density in the altitude range 300 to 3500
km for a full solar cycle (by combining the ISIS 1 measurements
with the Alouette 2 data)e Another important function of the
sounder was to provide correlative data for the other ISIS 1
experiments, particularly those measuring fonospheric
parameterse. The 1ISIS 1 donosonde was basically a radio
transmitter/recefver that recorded the time delay between a
transmitted and a returned radio freguency pulse. A continuum
of frequencies between 0.1 and 20 MHZ was sampled once every 1%
or 29 s» and one of six selected frequencies was also used for
a perfod of 3 to 5 s during this 19- or 29-s period. 1In
addition to the sweep- and fixed-frequency modes of operationy
a mixed mode was possible where the transmitter frequency was

36

fixed at 0.82 MMz while the receiver swept. Several
virtual-height (delay-time) traces were normally observed due
to ground reflectionsy plasma resonancesy birefringence of the
ionospheres nonvertical propagationy etc. Virtual height at a
gfven frequency was orimarfly a function of distance traversed
by the signaly electron density along the propagation paths and
mode of propagation. The standard data format was an ionogram
showing virtual height as a function of freauency.
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INVESTIGATION NAME- FIXED-FREQUENCY SOUNDJZR

INVESTIGATIVE PROGRAM
CODE EE/CO-0Py SCIENCE

NSSDC ID- 69-009A-02

INVESTIGATION DISCIPLINE(S)
IONOSPHERES AND RADIO PHYSICS
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BRIEF DESCRIPTION

This experiment was designed to study donospheric
features of a smaller scale than could be detected by the sweep
soundery and to study plasma resonances. Parameters measured,
were virtual range (a function of propagation time of the
reflected pulse) and time. These data were normally observed
only when the spacecraft was in range of a telemetry station.
The fixed-frequency sounder operated from the same antennay
transmitter, and receiver used for the sweep=-frequency
experiment. It normally operated for 5 s during the frequency
flyback perfod of the sweep~frequency operation that was every
19 or 29 s. One of six frequencies (D.25y 0,48y 1400, 1,95
4,00, or 9.303 MH2) was chosen for use by the experimenter as
desirede. Other modes of operation were availabley, including
continuous observation at a selected frequencys and a special
mixed mode with transmissfon at the fixed frequency of D.82 MHz
and sweep reception.
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INVESTIGATION NAME- VLF RECEIVER

INVESTIGATIVE PROGRAM
CodZ EE/CO-0Py SCIENCE

NSSDC 1D~ £9-009A4-03

INVESTIGATION DISCIPLINE(S)
IGNGSPHERES AND RADID PHYSICS

PERSONNEL
PI - R.E. BARRINGTON DOC-CRC
OI = FeHe PALMER OEFENCE RESEARCH ESTAB
0l = H.Ge JAMES J0C-CZRC

BRIEF DESCRIPTION

The purpose of this experiment was to study natural and
man-made VLF signals,. Specific objectives dncluded the
investigation of VLF propagation phenomenas fon and hybrid
plasma resonancess and correlations between VLF emissions and
intense fluxes of energetic particles, In this experiment ar
attempt was made to stimulate the ion resonances of the ambient
plasma by wusing signals from a VLF sweep-frequency exciters
contained within the spacecrafte The instrumentation consisted
of a Low-frequency, broadband recediver that sensed signals
received by the 73-m dipole (split monopole) antennas between
0.05 and 30 kHz. This same antenna was used for receiving
frequencies below S5 MHz on the fonosonde. The receiver had a
wide dynamic range (80 dB) that was achieved by use of an
automat ¢ gain control system. This VLF experiment inciuded an
optional-use onboard exciter that operated over a frequency
cycle pattern of 0 to 0.3 to 0 to 11 to 0 kHz over a 3.5-s
"frame" periods The frames sequenced through four steps where
the transmissions were attenuated by 0s 20y 20y then 40 dBy
thus requiring 14 s for one complete cycle of exciter
operation. The exciter transmitted on the short antennas anc
the recefver sensed the signals coupled between the two
antennas by the ambient plasmas plus any noise signals whict
were excited in the plasmae This VLF experiment also permittec
antenna {mpedance measurementsy with or without a dc bias or
the antennas The real-time data were transmitted on 136.08-MHz
telemetry. The VLF data could be recorded on one of the four
tape-recorder channels during the time the tape recorder
operated. Tape-recorded and backup real-time data were
transmitted on 400-MHz telemetry.
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INVESTIGATION NAME- ENERGETIC PARTICLE DETECTORS
NSSDC ID- £9-0094-04 INVESTIGATIVE PROGRAM
CODE EE/CO-0Py SCIENCE
INVESTIGATION DISCIPLINE(S)
MAGNETOSPHERIC PHYSICS
PARTICLES AND FIELDS
PERSONNEL
Pl = Ie.Be MCDIARMID NATL RES COUNC OF CAN
0I - JeRs BURROWS NATL RES COUNC OF CAN
Ol = ReCe ROSE(RETIRED) NATL RES COUNC OF CAN

BRIEF DESCRIPTION
The purpose of this experiment was to provide data that
would aid 4n understanding (1) the mechanisms responsible for
the production and controt of the outer radiation zones (2) the
related oroblems of particle entry into the earth's magnetic
fieldy and (3) interactions between the earth's magnetosphere
and the solar winde This experiment consisted of four sets of
detectorse. The first sety comprising four Gefger counters,
measured electrons greater than 20 and 40 keV and protons
greater than 300 and 500 keV parallel and perpendicular to the
satell ite spin axise ALl remaining detectors measured
carticles perpendicular to the soin axis. The second set
consisted of solid-states silicon-junction detectors. These
responded to electrons greater than 25 and 140 keVy electrons
in the range 220 to 770 keVy and protons greater than 200 and
400 kev, The third set consisted of five silicon-junction
detectors that responded to protons between 04,15 and 30 Mev.
The fourth set consisted of cesium fodide scintitlation
ohotomultiolier systems. £ach system operated in two modes and
responded to electrons greater than 8y 40y and 60 keVv and

protons greater than 50 keV and in the range S0 to 70 keV.
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INVESTIGATION NAME- SOFT-PARTICLE SPECTROMETER
NSSDC ID- 69-009A-05 INVESTIGATIVE PROGRAM
CODE EE/CO=-0Ps SCIENCE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES
PARTICLES AND FIELDS
AERONGMY
PERSONNEL
PI - Wede HEIKKILA U OF TEXASy DALLAS
0l - DeMe KLUMPAR U OF TEXASs DALLAS

BRIEF DESCRIPTION

The purpose of this experiment was to study auroral and
fonospheric phenomena by studying Llow-energy electrons and
ions. The spectrometer simultaneously measured the
differential energy spectra of positive and negative particles
by a8 divergent electrostatic deflection system aith electron
multipliers for detectors. The experiment consisted of two
such systems~-~one looking atong the satellite spin axis and one
perpendicular to fte A programmed power supply provided swept
and steooed modes of operation selected either by internal
programming or by ground command. The energy range was from 10
eV to 10 kev per wunit chargee. The swept mode of energy
selection provided a 22-point spectrum 1n 0.5 se¢ while the
stepped mode provided a 20-point <(geometrically soaced)
spectrum in 40 s. The experiment worked well. NSSDC has all
the useful data that exist from this investigation,
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INVESTIGATION NAME~ POSITIVE ION MASS SPECTROMETER (1-20
AMU)
NSSDC ID- 69-009A-06 INVESTIGATIVE PROGRAM
CODE EE/CO0-0Py SCIENCE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES
AERONOMY
PERSONNEL
PI - ReSe NARCISI USAF GEOPHYS LAB

ORIGINAL PAGE I§
DE POOR QUALITY

37

BRIEF DESCRIPTION

The ISIS 1 f{on mass spectrometer (IYS) experiment was
planned to provide in sftu measurements of the exospheric ion
concentrationsy for spectes having mass-to-charge ratios from 1
to 20y as a function of Llatitudey Llongitude, time of dayy

seasony and spectal events such as solar flares and magnetic
storms., Ion concentrations from five 1{ons to S.ES tons/cc
could be measureds The instrumentation consisted of two mass
analyzer assemblies plus a power supply and control unit that

generated sweep voltagesy pias potentialss and supply voltages.
Each analyzer assembly contained a2 quadrupole mass fitters an
electron multipliery and excitation and detection electronics.
The quadrupole rods were T7+.62 ¢m Long and 0.38 ¢m in diameter,
The electron multiptier brought 1on currents to values greater
than 1.E-12 Ay and an electrometer amplifier converted output
currents to voltages suitable for telemetry. The mass filter
was operated at 7 M4zy with the peak radio frequency voltage
across the rods at 365 V. The IMS experiment failed during the
period of February 2 and 3, 1969.
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INVESTIGATION NAME- CYLINODRICAL ELECTROSTATIC PROBES

NSSDC 10~ 69-0094-07 INVESTIGATIVE PROGRAM
CODE EE/CO-0Ps SCIENCE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES
AERONOMY
PERSONNEL
PI - L.H. BRACE NASA=GSFC
0l - JeA. FINDLAY NASA=GSFC

BRIEF DESCRIPTION

The purpose of this experiment was to study the global
varifations of electron temperature and electron concentration
at s/C altitudes during solar maximumsy and to study

characteristics of the S/C jon sheaths The measurements were
made with two cylindrical probess operating as Langmuir probese.
There were a boom probe and an axial probe. The axial probe
extended 48.3 cm from the $/Cy along the spin axisy and was
centered among the four telemetry antennas on the underside of
the S/Ce This probe was capable of measurements undisturbed by
the satellite motion only when the probe preceded the S$/C in
its motion through the plasma. The boom probe extended
horizontally and outward (in S/C frame of reference) from a
boom 1 m lLongy which in turn extended from an upper surface of
the S/C at an angle of about 45 deg to the spin axise This
probe provided some observations during each S/C spin cycle
that were free of S/C wake effects. The probes consisted of
three concentricy, electrically 4sotatedy stainless steel tubes.
The outer (0.24-cm dtam and 23-cm long) tube floated at its own
equilibrium potential and served to place the collector well
away from the S/C plasma sheaths The middie tube (0.165-¢m
dtam) extending 23 cm outward from the outer tube acted as an

electrical guard for the collector. Its electrical potential
was controlled. The collector (0.058-cm diam) extended 23 cm
outward from:  the driven guarde During each 2-min sequencesy a

volt-ampere curve was obtained from the sawtooth voltage (=2 to

+10 V) applied to the collector. This was interpreted in
electron densities over a range from 1.,E2 to 1.5E6 electrons
per c¢cy and temperatures from about 400 to S.E4 deg K. NSSDC
has all the useful data that exist from this investigation.
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INVESTIGATION NAME- SPHERICAL ELECTROSTATIC ANALYZER

NSSDC ID- 69-009A-08 INVESTIGATIVE PROGRAM
CODZ EE/CO~DPy SCIENCE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES
AERJONOMY
PERSONNEL
PI = ReCe SAGALYN USAF GEOPHYS LAB
0I - M. SMIDDY USA® GEDPHYS LAB

BRIEF DESCRIPTION

The objective of the spherical electrostatic analyzer
experiment was to measure the temporal and spatfal varfations
in the concentratfion and energy distribution of the charged
particles throughout the orbit. Specificallys the objectives
were to measure the following parameters: (1) the density of
positive 1ons having thermal energy in the concentration range
from 1.E1 to 1.E6 fons per cey (2) the kinetic temperature of
the thermal {fons in the range from 700 to 4000 deg Ky (3) the
flux and energy spectrum of protons in the range from 0 to 2
keVy and (4) the satellite potential with respect to the
undisturbed plasmas Two units made up the experiment package:
a 96-cm boom that supported the sensor and made possible
omnidirectional measurementsy and an etectronics package



(consfdered to include the sensor}) to perform the measurements
and to process the data into a suiftable form for telemetrye.
The sensor was made up of three concentric sphertical meshed
grids having radii of 3.18y 2.54y and 1.90 ¢me The innermost
grid was the collector. These grids were made from tungsten
mesh and had a transparency of 80 to 90%. To measure the
parameters {isted abovey suftable sweep and step voltages were
applied to the gridse This instrument was operated in several
modes. The don densities were sampled 60 tines a seconds
corresponding to a spatifal resolution of 150 ms Once per
minute the ratfo of mass to temperature was sampledy and the
energy distribution was sampled once every 2 mins NSSOC has
all the useful data that exist from this investigation.
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INVESTIGATION NAME- RADIO BEACON

INVESTIGATIVE PROGRAM
CODE EE/CO-0OPy SCIENCE

NSSDC ID- 69-0094-09

INVESTIGATION DISCIPLINE(S)
IONOSPHERES AND RADIO PHYSICS

PERSONNEL
PI = PeAs FORSYTH
0I - GoFs LYON
01 - E.Hes TULL

WESTERN ONTARIO U
WESTERN ONTARIO U
WESTERN ONTARIO U

BRIEF DESCRIPTION

This experiment wsas devised to study tne ionosoheric
frregularities giving spectfal attention to the disturbed
fonospheric conditions, Beacon transmitters aboard the
satellite radiated polarized radio emissions on command, at
136.41 and 137.95 MHz. The signal polarizations the amplLitude
of the signaly the relative phase of the signaly and the
incident direction of the signal were observed from ground
stations. Cofncident observations were made at stations about
100 wavelengths apart. From known spacecraft position
information and these observationsy ionospheric irregularities
could be almost completely described 4n terms of height,
horizontal size and shapes electron peak concentrations and
radial distribution of electrons. An important part of these
descriptions was to originate from the computed values of total
electron content (TEC) obtained primartly from the polarization
and phase observations.
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INVESTIGATION NAME- COSMIC RADIO NOISE

INVESTIGATIVE PROGRAM
CODE EE/CO-0Py SCIENCE

NSSDC 10~ 69-009A-10

INVESTIGATION DISCIPLINE(S)
ASTRONOMY
IONOSPHERES AND RADIO PHYSICS

PERSONNEL
PI - TeRe HARTZ(RETIRED) DOC-CRC

BRIEF DESCRIPTION

This experiment used the sweep-frequency f{onosonde
receiver automatic gain control voltage to measure galactic and
solar radio noise Llevels. The receiver swept from 0.1 to 20
MHZ. The dynamic range was 50 dBy and the bandwidth was 5%
kHzs The antennas used were 18.7-m and 73=-m dipoles.
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SPACECRAFT COMMON NAME- ISIS 2
ALTERNATE NAMES- ISIS-By PL-701F
05104

NSSDC 1D- 71-0244A

LAUNCH DATE~ 04/01/71 WEIGHT= 2564 KG

LAUNCH SITE- VANDENBERG AFBy UNITED STATES
LAUNCH VEMICLE- DELTA

SPONSORING COUNTRY/AGENCY

CANADA 00C-CRC
UNITED STATES NASA-0SSA
JAPAN RRL

INITIAL ORBIT PARAMETERS
ORBIT TYPE~- GEOCENTRIC
ORBIT PERIOD~ 113.% MIN
PERIAPSIS=- 13584 KM ALT

EPOCH DATE- 04/02/71
INCLINATION= 88.1 DEG
APOAPSI S~ 1428, KM ALT

PERSONNEL

PM - C.A. FRANKLIN 30C-CRC
PM - L.He. BRACE NASA~GSFC
PS = LeHe BRACE NASA~GSFC
PS - T.Re HARTZ(RITIRED) DOC-CRC
PS = JsEe JACKSON NASA~3STC

BRIEF DESCRIPTION

ISIS 2 was an fonospheric observatory instrumented with a
swWeep= and a fixed-frequency Tonosondes a VLF receivers
energetic and soft particle detectorsy an ion mass
spectrometery an electrostatic probey a retarding potential
analyzery a beacon transmittersy a cosmic noise experimenty and
two photometers. Two long crossed-dipole antennas (73 and 18,7
m) were used for the soundings VLFy and cosmic noise
experiments. The spacecraft was spin-stabilized to about 2 rpm
after antenna deployment. There were two basfc orfentation
modes for the spacecrafty, cartwheel and orbit-aligned. The
spacecraft operated approximately the same Llength of time in
each modey remaining in one mode typfcally 3 toc 5 monthse The
cartwheel mode with the axis perpendicular to the orbit plane
was made avaflable to provide ram and wake data for some
experiments for each spin perifods rather than for each orbft
period. Attitude and spin dinformation was obtained from a
three-axis magnetometer and a sun sensor. Control of attitude
and spin was possfble by means of magnetic torquings The
experiment package also included a programmable tape recorder
with a 1-h capacity. For nonrecorded observationsy data from
satellite and subsatellite regions were telemetered when the
spacecraft was 1in the Line of sight of a telemetry statione.
Telemetry stations were Located so that primary data coverage
was near the 80-deg-W meridfan and near Hawaliy Singapore,
Australiay Englandy Frances Norways Indiay Japans Antarcticas
New Zealands and Central Africa. NASA support of the ISIS
project was terminated on October 1y 1979« A significant
amount of experimental datasy howevers was acquired after this
date by the Canadian project team. ISIS 2 operations were
terminated 1n Canada on March 9y 1984. The Radio Research
Laboratories {Tokyos Japan) then requested and received
permission to reactivate ISIS 2. Regutar ISIS 2 operations
were started from Kashimay Japany in early August 1984,
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INVESTIGATION NAME- SWEEP-FREQUENCY SOUNDER

INVESTIGATIVE PROGRAM
CODE EE/CO=-0Py SCIENCE

NSSDC ID- 71-024A-01

INVESTIGATION DISTIPLINIZ(S)
IONQSPHERES AND RADIO PHYSICS

PERSONNEL
PI = JeHe WHITTEKZIR 00C-CRC
0 - J. TURNER IONDSPHIRIC PRED SIRV
0I = M. SYLVAIN LGE
01 = 0. HOLT AURORAL 0BS
01 ~ Y. OGATA RADID) RISEZARCH LAB
0I - R. RAGHAVARAQ PHYSICAL RESEARCH LAS
0l = Je.Es JACKSON NASA-GSFC
01 = ReBe NORTON NOAA-ERL
0l = Kel e CHAN NASA-ARZ

01 - ReS. UNWIN DEPT OF SCI+INDUST RES
BRIEF DESCRIPTION

The purpose of this experiment was to measure the
fonospheric electron density in the attitude range 300 to 1400
kme Another 1important function of the sounder was to provide
correlative data for the other ISIS 2 experimentsy particularly
those measuring Tonospheric parameters. The ISIS 2 ionosonde
was a radio transmitter that recorded the time delay between a
transmitted and returned radto-frequency pulse. A continuum of
frequencies oetween 0.1 and 20 M4z was sampled every 1% or 21
sy and one of six selected frequencies was also used for
sounding for a few seconds during each 14~ or 21-s period. 1In
additfon to the sweep- and fixed=-frequency modes of operation,
a mixed mode was available in which the transmitter frequency
was fixed at one of six possible frequencies while the receiver
sWepts Severat virtual=-range (delay=-time) traces resulting
from ground reflectionsy plasma resonancesy birefringence of
the 4{onospheresy nonvertical propagations etces were normally
observed. Virtual range at a given frequency was primarily a
function of distance traversed by the signaly electron density
along the propagation pathy and mode of propagatione The
standard data format was an fonogram (graph) showing virtual
range as a function of radio frequencys
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IS1S 2y CALVERT====ocmccccmcmcmcmmocccccceccccceneuonnn

INVESTIGATION NAME- FIXED-FREQUENCY SOUNDER

NSSDC ID- T71-024A-02 INVESTIGATIVE PROGRAY
CODE EE/CO-0Py SCIENCE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES AND RAJIO PHYSICS
PERSONNEL
PI = We CALVERT U OF 10WA
OI ~ ReBs NORTON NOAR-ERL
0l - JeHe WHITTEKER DOC-CRC
01 = JeMe WARNOCK NOAA
3RIEF OESCRIPTION
This experiment was designed to study 1onospheric

features of a smaller scale than could be detected by the sweep

sounder and to study slasma resonancesSe Parameters measured
were virtual range (a function of propagation time of the
pulse) and time. These data were normally observed only when
the spacecraft was 1in range of a telemetry station. The
fixed-frequency sounder odcerated from the same antennay
transmitter, and recefiver used for the sweep=-freguency
experiment. It normally operated for 3 to 5 s during the

frequency flypack period of the sweep-frequency operation which
was every 14 or 21 s. One of six freguencies (0.12¢ 0448,
100y 1.95¢ 4400y or 9,303 MHz) was chosen for use by the
experimentery as desired. Other modes of operation were
avajilabley 1ncluding continuous observation at a selected
trequency and a special mixed mode with transmission at a

selected one of the six fixed frequencies and sweep receptfions
BI3LIOGRAPHY
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INVESTIGATION NAME- VLF RECEIVER

NSSDC ID- 71-0244-03 INVESTIGATIVE PROGRAM
CODE EE/C0=0Py SCIZINCE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES AND RADIO PHYSICS
PERSONNEL
P1 - ReEe BARRINGTON DOC-CRC
0I <« FeHe PALMER DEFENCE RESEARCH ESTAB
0l =~ HeBs JAMES DOC=CRC

BRIEF DESCRIPTION
The purpose
man-made VL*F signals.

of this experiment was to study natural and
Soecific objectives 1{nctluded the

investigation of VLF npropagation phenomenas 1on and hybrid
plasma resonancesy and correlations between VLF emisstons and
intense fluxes of energetic particles.s 1In this experiment a

sweep-frequency excitery covering the range from 15 kHz down to
0.05 kHz 1n 1.0 ss was used to stimulate ifon resonances in the
plasma. The dnstrumentation consisted of a Llow=frequency
o roadband receiver that observed signals from the 73-m Long
dipote (split monopole) antenna between 0.05 and 30 kHz. This
same antenna was used for receiving signals below 5 MHz on the
fonosonde. The VLF receiver had a wide dynamic range that was
achieved by wuse of an automatic gain control systems The
experiment also permitted antenna impedance measurementsy with
or without a dc bias on the antenna. The real-time data were
transmitted on 136.,08-MHz telemetry. The VLF data could be
recorded on one of the four taoe-recorder channels when the
spacecraft tape-recorder was operating. Tape-recorded and

backup real-time data were transmitted on 400-MHz telemetrye.
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INVESTIGATION NAME- ENERGETIC PARTICLE DETECTORS
NSSOC I0~- 71-024A-04 INVESTIGATIVE PROGRAM
CODE EE/CO-0Ps SCIENCE
INVESTIGATION DISCIPLINE(S)
MAGNETOSPHERIC PHYSICS
PARTICLES AND FIELDS
PERSONNEL
Pl - I.Be MCDIARMID NATL RES COUNC OF CAN
01 - J«.Re BURROWS NATL RES ZOUNC OF CaAN

BRIEF DESCRIPTION

The objectives of the energetic particle experiment were
to provide data that would aid in the understanding of (1) the
mechanisms responsible for the production and control of the
outer radfatton 2zoney (2) the related problem of solar-flare
sarticle entry 1into the earth's magnetic fieldy and (3}
interactions between the earth's magnetosphere and the salar
wind. This experiment consisted of four sets of detectors.
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The first set consisted of three Gefger counters (one of which
failed after Launch) and measured electrons greater than 20 and
40 keVv perpendicular and paratlel to the spin axis. These
Gefiger counters were also sensitive to protons with energies
greater than 240 and 600 keVy respectively. ALL remaining
detectors measured oparticles perpendicular to the spin axis.
The second set consisted of two solid-states silicon=-junction
detectors, Both detectors were operated {n Llow- and
high-threshold modey while one could additionally be switched
to another discrimination levele They measured electrons with
energies greater than 40y 60y 90+ 120, 1504 and 200 keV. They
Wwere also sensitfve to protons with energies greater than 150,
200, and 750 keV. The switchable detector experienced
cont inuous saturatione The third set consisted of three
silicon-junction detectors that measured protons in the energy
ranges 048 to 440y 342 to 1247y and 12.9 to 28.0 MeVy alpha
particles in the energy range 2.5 to 16.0 MeVy and electrons in
the energy range 1.0 to 2.0 MeVe The fourth set was composed
of two cesfum fodide scintillation-photomultiplier systems
(channeltrons with cylindrical electrostatic analyzers) stepped
t hrough eight energies in 64/60 of a seconds These
differential spectrometers measured electrons at 9.6y 7.8y 6.0y

4ely 3409 2629 1le3y and 0415 keVs and measured protons at 26e2y
21e6y 1740y 1244y Feby Teby Se29y and 2.2 keVe
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INVESTIGATION, NAME- SOFT=-PARTICLE SPECTROMETER
NSSOC ID- 71-024A-05 INVESTIGATIVE PROGRAM
CODE EE/CO=-0Py SCIENCE
INVESTIGATION DISZIPLINZ(S)
IONOSPHERES
PARTICLES AND FIELDS
AERONOMY
PERSONNEL
PI - Wedo HEIKKILA U OF TEXAS, DALLAS
0l = DsMs KLUMPAR U OF TEXAS, DALLAS
BRIEF DESCRIPTION
The soft-particle spectrometer (basically an

electrostatiec analyzer) was wused to study the directionatl
intensity and differential energy spectra of 1ons and electrons
to ootain a greater understanding of aurorasy geomagnetic
disturbancess and various fonospheric featuress Differential
energy spectra were obtained in the energy range 5 eV to 15 kev
with a 20% energy resolution. The voltage sweep program of the
analyzer was flexibles. The experiment worked well from Launch
until October 1969y when the fon part of the experiment failed.
Subseqguentlyy, only electron data were acquired. NSSDC has all
the useful data that exist from this investigation,
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INVESTIGATION NAME~- ION-MASS SPECTROMETER
NSSDC ID- 71-024A-06 INVESTIGATIVE PROGRAM
CODE EE/CO-0Py SCIENCE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES
AERONOMY
PERSONNEL
PI = JeHse HOFFMAN U 07 TEXASs JALLAS

BRIEF DESCRIPTION

The magnetic Jfon-mass spectrometer experiment was flown
to measure the distribution of the concentrations of the
positive 1{on species as a function of time and positions with
particular finterest focused on the polar wind particless The
instrument had two don detector systemsy and mass scanning
through the range from 1 to 64 atomic mass units (u) was
accomplished 1in two sectionsy 1 to 8 u and 8 to 64 ue Two fon
beams emerged from the magnetic sector of the instrument and
were simultaneously detected by electron multipliers and log
electrometer amplifiers. A circult foltowing each amplifier
detected the peak amplitude of the 4on current. This peak
valuey rather than the entire mass spectrumy Wwas transmitted in
order to reduce the required telemetry bandwidth.s In this mode
of operationy the complete mass range was scanned in 1 s. A
backup mode was provided that produced an analog output with a
sweep period of 8 s¢ This experiment operated nominally after
Launch with most of the data obtained in the peak mode and
while the satellite operated in the cartwheel mode. For about



2 min per pass over Ottawas Canadas the experiment operated in
the analog mode. Inflight calibration was achieved by
compar ing ifon concentration measurements at aporooriate
altitudesy, t.e.y where a single ion species predominateds with
electron density data from the sounder on board. Other
comparisons were made between the spectrometer output and
measurements obtained from other related experiments on boarde

NSSDC has all the useful data that exist from this
invest igation.
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INVESTIGATION NAME- CYLINODRICAL ELECTROSTATIC PROBES
NSSDC ID- 71-024A-07 INVESTIGATIVE PROGRAM
CODE EE/CO-0Ps SCIZINCE
INVESTIGATION DISCIPLINE(S)
IONOSPHERES
AERONQMY
PERSONNEL
PI - L.He BRACE NASA-GSFC
0I - JusAa FINDLAY NASA-GSFC

BRIEF DESCRIPTION

The purpose of this experiment was to study the global
variations of electron temperature and electron concentration
at spacecraft altitudes during the waning phase of the solar
cycles The measurements were made with two cylindrical probes
mounted along the spin axisy one at each end of the spacecraft.
The sensors were operated as Langmuir probess with the orobe
current being measured as a function of probe voltage.
Although basically the same cylindrical probe experiment was
flown on ISIS 1y the 1ISIS 2 prooe orovided (1) greater
sensitivity allowing a more complete coverage of Low-density

regions such as the region over the polar caps (2) very high
resolution of plasma structure (down to 10 m in extent)y and
(3) onboard signal oprocessing with backup to orovide data in

the format that had been used for the ISIS 1 experiment. NSSDC

has all the useful data that exist from this fnvestigation.
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INVESTIGATION NAME- RETARDING POTENTIAL ANALYZER
NSSDC ID=- 71-024A-08 INVESTIGATIVE PROGRAM
CODE EE/CO-0OPs SCIENCE
INVESTIGAYION DISCIPLINE(S)
IONOSPHERES
AERONOMY
PERSONNEL
PI = EeJe MAIER NASA~-GSFC
0I - BeEe TROYy JR, US NAVAL RESEARCH LAB
01 - JsLe DONLEY NASA-GSFT

BRIEF DESCRIPTION

The primary objective of this experiment was to measure
the positive 1on densfitys compositions and temoerature in the
vicinity of the spacecraft. A secondary objective was to
measure the thermal electron density and temperaturey and the
flux of suprathermal electrons. This retarding potenttal
analyzer consisted of three grids (aperture grids retarding
gride and suppressor grid) that provided a volt-ampere curve
relating sweep voltage on the retarding grid to current flow to
the collector. Analysis of the volt-ampere curves provided
jon/electron temperatures and densities. This experiment was
designed to operate only with the satellite in a cartwheel mode
of operations In this modey the spin axis was perpendicular to
the orbit plane. This allowed the analyzer aderture to face
the direction of satellite motion once each spin perfod. NSSDC

has all the useful data that exist from this investigation,
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INVESTIGATION NAME- RADIO BEACON

INVESTIGATIVE PROGRAM
CODE EE/CO-0Ps SCIENCE

NSSDC ID=- 71-024A-09 4

INVESTIGATION DISCIPLINEC(S)
IONOSPHERES AND RADIO PHYSICS
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BRIEF DESCRIPTION

A continuous-wave transmitter (137 +to 138 MHz band}

radiating about 100 mW and operating in conjunction with the
tracking beacon (136 to 137 MHz band) proyided facitities for
observing scintillations from drregularitiesy determining
magnitudes and positionsy, and evaluating electron content
between ground observer and satetlite.
BIBLIOGR APHY
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INVESTIGATION NAME- COSMIC RADIO NOISE
NSSDC ID- 71-0244-10 INVESTIGATIVI PROGRAM
CODE EE/CO-0Py SCIENCE
INVESTIGATION DISCIPLINE(S)
ASTRONOMY
IONOSPHERES AND RADIO PHYSICS
PERSONNEL
PI - T.Rse HARTZ(RITIRED) J0C-ZRC

BRIEF DESCRIPTION
This experiment
receiver automatic gain

used the sweep=-frequency fionosonde

control voltages to measure galactic
and solar radio-noise levels. The receiver swept from 0.1 to
20 MMz, The dynamic range was 50 dBs and the bandwidth was 55
kHze The antennas used were 18.7-m and 73-m dipoles.
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INVESTIGATION NAME~- 3314- AND 5577-A PMOTOMETZIR

NSSDC ID- 71-0244-11 INVESTIGATIVE PROGRAM
CODE EE/CO~0OPy SCIENCE
INVESTIGATION DISIIPLINI(S)
IONOSPHERES
PARTICLES AND FIELDS
AERONOMY
PERSOANNEL
Pl - CeDe ANGER U OF CALGARY
BRIEF DESCRIPTION
This dual-wavelength scanning auroral photometer was
designed to map the distribution of auroral emissions at 5577
and 3914 A over the portion of the dark earth visible to the
spacecrafte A combination of dnternal electronic scanning
performed by an image dissector and of the natural orbital and

rotattonal motions of the spacecraft permitted the sensor to
systematically scan across the earthe The detector system was
constructed to allow fncident radiation to be accepted from two
directions 180 deg aparty and then to focus this Light at a
common point on the single-image~dissector photometer tubes
Only one of the two optical systems pointed at the earth at any
one times while the other faced 1into space. When the
spacecraft spfn axis was oriented to Lie in the orbital planey
each rotation of the spacecraft resulted in an earth scan 5 deg
widea This width stze was chosen to ensure overlap with the
previous scan. The image dissector repetitively scanned at a
high speed across the narrow dimension of each S=-deg band and
divided 1t into separately resolved regions 0.4 deg by 0.4 deg.
Similar strips were scanned at each of the two wavelengths,s but
at times which differed by half the rotation period of about 10
Se A calipratton 1Light source for each wavelength was built
into the optical assemblyy and a calibration cycle was
inftiated automatically whenever a '"power on" command was
given, To minimize the problems aristng from solar
il lumination of the optics and the direct viewing of the sunlit
earthy a sunlight oprotection system was includeds Complete
details about the experiment can be found in C. De Anger et
aley "The ISIS=-II scanning auroral photometer,” Applied Opticse

ve 124 ne. By pp. 1753-17664 August 1373,
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BRIEF DESCRIPTION

A two-channet photometer was used to measure directly and
to maop the intensity of the atomic oxygen red Line at 6300 &4 in
days twilights and night airglow and aurora. Each channel had
its own optical dnputy and the two inputs were mounted at the
same end of the spacecrafty separated by 180 degs with their
axes at 90 deg to the soacecraftts soin axise. One ootical
fnput was characterized by a spectral bandwidth of 12 &
centered around the 6300~A Lline of atomic oxygens and the other
input was wused for white-light measurementss The spinning
satellite caused the ohotometer to alternately view the earth
and then the skyi i.e.s when one sensor viewed the earthy the
other sensor saw the dark skys Both sensors had a 2.5-deg
circular field of view. With the wuse of a beam-combiner
arrangements the same photomultiolier accepted the two inputs.
The dynamic range of 1{ntensity measurements was from about
1.E11 photons/(sa m=s) (10 rayleighs) to more than l.E16
photons/(sg m=sg)e Sunlight could enter the optical systems
direct ly in addition to earth-reftected Lighte The instrument
baf*le was illuminated by the sun only for the off-axis angles
Lless than 47 deg. Outsfide this Limit, the data were not
degraded by sunlighty oermitting normal ooeration in the region
of the orbit where the spacecraft was in sunlighty but the
portion of the earth beneath it was dark. An external Light
source "saw" the filter only when it was 7.5 deg or less off
axise In the range 7.5 to 47 dege good data were still
obtained when the sunlit earth was the origin of the
contamination. To perform the data analysiss it was necessarys
among other operationsy to evaluate different geometrical
situationsy and to locate the ooint at which the 12-A bandoass
photometer's FOV crosses the earth's Leading Limb so that the
data could be organized into spin mapse. For more detatls see
Ge Ge Shepherd et als "ISIS-1! atomic oxygen red \ine
ohotometers" Applied Ooticsy ve 129 ne 8y 2pDe 1757-1774y August
1973,
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MACLEANJM.A. HITCHCOCKyNeSs
LOW POWER MAGNETIC MEMORY FOR SPACECRAFT COMMAND STORAGE
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TIMES

*CANe Jo PHYSay 444 £69-673y MAR., 1966,

MCOIARMIDyI«Bos BURROWSsJ«R.

OEPENDENCE OF THE POSITION OF THE OUTIR RADIATION ZONE INTENSITY MAXIMA ON ELECTRON ENERGY AND MAGNETIC
ACTIVITY

*CANe Jo PHYSay 45y 2873-28784 SEPT. 1967.

MCDIARMIDyleBs BURROWSsJsRs

LOCAL TIME ASYMMETRIES IN THE HIGH-LATITUDE BOUNJARY OF THE OUTER RADIATION ZONE FOR THE DIFFERENT
ELECTRON ENERGIES

*CANe Jo PHYSss 46y 49-57y JAN. 1968,

MCDIARMIDsI+Bs WILSONsMeD.

DEPENDENCE OF THE HIGH LATITUDE ELEZZTRON (5 GREATER THAN 35 KEV) BOUNDARY ON THE ORIENTATION OF THE
GEOMAGNETIC AXIS

*Js GEOPHYS. RESay 734 NO. 234 7237-7244s DEC. 1968,

MCDIARMIDs1+Bs BURROWSsJeRe
RELATION OF SOLAR PRITON LATITUDE PROFILIS T0 OUTER RADIATION ZONE E£LECTRON MEA SUREMENTS
w*Jo GEOPHYS, RESey T4y 6239-6246y DECe 1969.

MCOIARMIDyI+Bs BURROWSyJeRa
LATITUDE PROFILES OF LOW-ENERGY SOLAR ELECTRONS
*Je GEOPHYS. RESes 7S¢ 3910-3914s JULY 1970,

MCDIARMIDyI«Be HRUSKA4A.
ANISOTROPY OF HIGH-LATITUDE ELECTRON FLUXES DURING SUBSTORMS AND STRUCTURE OF THE MAGNETOTAIL
*Jo GEOPHYS. RESesy 77y NOe 19y 3377-3383, JULY 1972,

MCDIARMID 41 eBe BURROWSyJeRs BUDZINSKIsE.E., ROSE,D.Cs
SATELLITE MEASUREMENTS IN THE *STARFISH' ARTIFICIAL RADIATION ZONE
*CANe Jo PHYS,y 41y 1332-1345s AUGs 1963

MCDIARMIDyIeBe BURROWSyJeRse BUDZINSKI+E-Es WILSONyYeDo
SOME AVERAGE PROPERTIES OF THE OUTER RADIATION ZONE ATV 1000 KM
*CANe Jo PHYS.y 41y 2064-2079, DEC. 1963,

MCOIARMIOyIeBe BURROWSyJeRe ROSE9DWCs WILSONMWDe
HIGH LATITUDE PARTICLE FLUX MEASUREMENTS FROM THE SATELLITE 1962 BETA ALPHA (ALOUETTE)
«SPACE RESes 49 606-6209 19644 (PROCs OF THE 4TH INT. SFACE SCI, SYMP.y WARSAWs POLANDy JUNE 3~12y 1963.)

MCOIARMIOyI«Be BURRDWSsJsRs WILSONsMeD.
MORPHOLOGY OF OUTER RADIATION ZONE ELECTRON ACCELERATION MECHANISMS
*Js GEOPHYS. RESes» T4y 1743-17584 APR. 1969,

MCDIARMIDsIoBs BURROWSsJeRs WILSON¢M.D.
DAWN DUSK ASYMMITRIES IN THE QUTER RADIATION ZONE AT MAGVETICALLY QUIET TIMES
*Jo GEOPHYSs RESes T4y 3556-3560y JULY 1969.

MCDIARMIDsI«Bs BURROWSsJeRs WILSONyM.D.
STRUC TURE OBSERVED IN SOLAR PARTICLE LATITUDE PROFILES AND ITS ODEPENDENCE ON RIGIDITY
*Jo' GEOPHYS. RESesy T6e 227-231y JAN. 1971.

MCDIARMIDsIoBe BURROWSsJeRe WILSONsMeD.
SOLAR, PARTICLES AND THE DAYSIDE LIMIT OF CLOSED FIELD LINES
*J, GEOPHYS. RESss 77s 1103-11084 MAR, 1372,

MCDIARMID 91 4Be BURROWSyJeRe WILSONsM.D.
SOLAR PROTON FLUX ENHANCEMENTS AT AURORAL LATITUDES
*Js GIOPHYS. RESsy 79y NOa. 7y 1099-1103, MAR, 1974,

MCOIARMIDsI«Bese BURROWSyJaRe BUDZINSKIyEeEe
AVERAGE CHARACTERISTICS OF MAGNETOSPHERIC ELECTRONS (150 EV TO 200 KEV) AT 1400 KM
+Jo GEOPHYSe RESey 80y NOe 1y 73=79y JAN. 1975

MCDIARMIDsI.Bs BURROIWSyJeRe BUDZINSKIEWE.
PARTICLE PROPERTIES IN THE DAY SIDE CLEFT
*Jo GEOPHYSe RESey 81y NOe 19 221-226¢ JAN. 1976,

MCOIARMIDy IoBe BUDZINSKIyEsEe BURROWSyJeR.
COMPARISON OF THE MEAD-FAIRFIZLD MAGNETIC FIELD YODEL W TH PARTICLE MEASUREMENTS
*Jo GEOPHYS. RESes B1ly NOs 135 3459-3461y JULY 1976,

MCDIARMIDsIeBe BUDZINSKI9E«Ee WILSONsMeDe BURROWSyJeR,
REVERSE POLARITY FIELD ALIGNED CURRENTS AT HIGH LATITUDES
*Jo GEOPHYSe RES.s 824 NO. 10y 1513-15184 APR. 1977.

MCOIARMIDyIeBe BURROWSsJaRs WILSONsMaD.
COMPARISON OF MAGNETIC FIELD PERTURBATIONS AT HIGH LATITUDES WITH CHARGED PARTICLE AND IMF MEASUREMENTS
*J, GEOPHYS. RESe.s 839 NOes A2y £81-688, FE3, 1978,

MCOIARMIDsI«Be BURROWSyJsRe WILSONsM.D.
MAGNETIC FIELD PERTURBATIONS IN THE DAYSIDE CLEFT AND THEIR RELATIONSHIP TO THE IMF
«Jo GEZOPHYSs RESes 83+ NOo Al2y 5753-5756¢ DEC. 1378,

MCDIARMIOsI.Be BURROWSsJsRe WILSONyMaD.

LARGE SCALE MAGNETIC FIELD PERTURBATIONS AND PARTICLE MEASUREMENTS AT 1400 XM ON THE DAYSIDE
«Jo GEOPHYSe RESes B4y NOe A4y 1431-1441y APR. 1979,
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MCDTARMIDyI+Be BURROWSsJeRe WILSONsM.D.
COMPARISON OF MAGNETIC FIELD PERTURBATIONS AND SOLAR ELECTRON PROFILES IN THE POLAR CAP
«Jo GEZOPHYSs RESes 85y NO. A2y 1163-11704 MAR. 1980.

MCEWENsDeJs BARRINGTONyReEs
SOME CHARACTERISTICS OF THE LOWER HYBRID RESONANCE NOISE BANDS OBSERVED BY THE ALOUETTE 1 SATELLITE
*CANe Jo PHYSey 45y 13-19y JANe 1967,

MCEWENyDeJs BARRINGTONsReE.

ION COMPOSITION BELOW 3000 KM DERIVED FROM ION WHISTLER OBSERVATIONS

*SPACE RESes B8y 396~404y 1968, (PROC. OF THE 10TH COSPAR PLENARY MEETINGy LONDONs ENGLANDy JULY 25=-28,
1967,

MCINNES¢BeA.
ESTIMATION OF ERRORS IN PROCESSING OF ALOUETTE 1 RECORDS
*STANFORD U.s STANFORD ELECTRON. LABay SU-SEL-68-065, STANFORDs CAy JULY 1968.

MCINNESsBeAe
VARIATIONS OF PLASMA SCALE HEIGHT IN THE UPPER IONOSPHERE DURING THE SUNRISE PERIOD ()
*Jo GEOPHYSe RESesy 734 NOe 17y 5603-5613y SEPTe 1968, 1?1(;

MENDILLOsMs, CHACKO¢C,Ce ()I7 13()
BASELEVEL IONOSPHERIC TROUGH ()12
*Jo GEOPHYS. RESes 82y NO.o 32y 5129-5137, NOV. 1977,

MENDILLOsMe KLOBUCHARyJsAs HAJEB=-HOSSIINIEHsH.

IONOSPHERIC DISTURBANCES - EVIDENCE FOR THE CONTRACTION OF THE PLASMASPHERI DJRING SEVERE GEOMAGNITIC
STORMS

*PLANET. SPACE SCla.y 22¢ 223-23649 FEBe 1974,

MENDILLOyMs BUONSANTOsMeds <LOBUCHARyJ.A.
DISTORTIONS OF THE WINTER NIGHTTIME IONOSPHERE AT L=4
*Je GEOPHYS. RESes B2y NOs 22y 3223-3232y AUG. 1977.

MILICyPole
MIDOLE LATITUDE CHANGES IN TOPSIDE ELECTRON DENSITY THRQUGH A MAGNETIC STORM
*STANFORD RESe INSTey NASA-CR-63869s TECHe NOTE 1y MENLO PARK, CAy JUNE 1964.

MILICsPsle DAYHARSHyTele SMITHyN.
METHODS OF PRESENTATION OF TOPSIDE ELECTRON DENSITY PRIFILZS
#STANFORD RESe INSTa.s PROJECT NO. 5023y MENLO PARKy CAy MAR. 1965.

MILLERyNoJ,
SOME IMPLICATIONS OF SATELLITE SPIN EFFECTS IN CYLINDRICAL PROBE MEASUREMENTS
«J. GEOPHYS. RESey 77y 2851-2861y JUNE 1972.

MILLERsNosJ.
DAY SIDE MID-LATITUDE PLASMA TROUGH
«Jo GEOPHYS, RESey 79y 3795-3801, SEPT. 1974,

MILLERsNeJe GREBOWSKYsdeMe
SIMULTANEOUS IN SITU MAGNETOSPHERIC AND IONOSPHERIC DETECTION OF DETACHED PLASMAS
*GEOPHYSe RESe LETTey 49 NOe 9y 369-372y SEPT. 1977,

MIZUNsIU. Gs FOMAGINAsNGA.
BEHAVIOR OF THE HIGH-LATITUDE UPPER IONOSPHERE FROM SATELLITE SOUNDING DATA
«IONOSFERNYE ISSLEDOVANIIA, NO. 254 67-72y 1978,

MOLOZZIyAWRe

INSTRUMENTATION OF THE IONOSPHERIC SOUNDER CONTAINED IN THE SATELLITE 1962 BETA ALPHA (ALOUETTZ)

«SPACE RESe» 4y 413-436y 1964. (PROC. OF THE 4TH INTERN. SPACE SCI. SYMP., WARSAW, POLANDs JUNE 4-10,
1963).

MOLOZZIyAsRe HITCHCOCKy NeSe

MICRO POWER DIGITAL CIRCUITS
#«IN ~- CANs ELECTRONe CONF.y TORONTOy CANss OCT. 4-69 1965y IEEEs PAPER NO. 65042y TORONTOy CANey OCT.
1965,

MOLOZZIsAeRs RICHARD SONs Ja Re

MEASURED IMPEDANCE OF A DIPOLE ANTENNA IN THE IONOSPHERE
«SPACE RESes To 1y 489-505e 1967. (PROCe OF THE 7TH INTERN. SPACE SCIe SYMP.y VIENNA, AUSTRIAy MAY 10-18,
13669 Rele SMITH=ROSEy NORTH=HOLLAND PUBL. COey AMSTERDAMy NETHERLANDS).

MOLOZZIvAeRs FRANKLIN9CaAe TYASsJePols
COSMIC NOISE MEASUREMENTS FROM 1960 +ETA 1 AT 3.8 MC./S.
*NATUREy 1909 NOe 4776y 616=61T7y MAY 1961,

MOLOZZIsAeRe FRANKLINgCoAs SAUNDERSeJe ALMONDeJ.

ELECTRICAL SYSTEM DESIGN OF THE ISIS-A SATELLITE

#«IN =- (CAN. ELECTRONs. CONFe.y TORONTOy CANes OCT. 4-64 19659 IEEEs PAPER NO. 65037+ TORONTOs CANey OCT.
1965,

MOSHUPIsMeCs COGGERsLeLe WALLISDsDs MURPHREE»JeSe ANGZIRsCeD.

AURORAL PATCHES IN THE VICINITY OF THE PLASMAPAUSE
*GEOPHYSe RESe LETTey 49 NOe 1y 37-40y JAN. 1577.

MOSHUPIyMeCe ANGERsCoDe MURPHREE9JeSe WALLISsDeDs 3RACZsLeH.
CHARACTERISTICS OF TROUGH REGION AURORAL PATCHES AND DETACHED ARCS OBSERVED B8Y ISIS=2
#Je GEOPHYS. RESes 84y NO. A4y 1333-13469 APRIL 197S9.

MOSSySeJs HYMANyE.

MINIMUM VARIANCE TECHNIQUE FOR THE ANALYSIS OF IONOSPHIRIC DATA ACGQUIRED IN SATELLITE RETARDINSG POTENTIAL
ANALYZER EXPERIMENTS

*Jo GEOPHYS. RESaes T3y 4315-43234 JULY 1968.

MULOREWsD B
RELATIONSHIP OF F-LAYER CRITICAL FREQUENCIES TO THE INTENSITY OF THE OUTER VAN ALLEIN BELT
*CANe Jo PHYSey 41, 199-202s JAN. 1963.

[

MULDREWsD B

RADID PROPAGATION ALONG MAGNETIC FIZLD-ALIGNED SHEETS OF IONIZATION OBSERVED BY THE ALOUETTE TOPSIDE
SOUNDER

*Jo GEOPHYSs RESes €8¢ NO. 19y 5355-5370s OCT. 1963.

MULOREWsD B«
F LAYER IONIZATION TROUGHS DEDUCED FROM ALOUETTE DATA
sJo GEOPHYSs RESes 70y NOso 11y 2635-2650y JUNE 1965.

MULDREWsD«B&
DELAYED CYCLOTRON PULSE GENERATION IN THE TOPSIDE IONOSPHERE DEDUCED FROM ALOUETTE 1 DATA

69



658

659

660

661l

662

663

664

£65

666

667

668

€70

671

6712

673

674

675

676

6717

678

679

680

681

682

*NATURE, 210y 671-473y APR. 1966.

MULOREWsDeB e
DELAYED GENERATION 0% AN ELECTROMAGNETIC PULSE IN THE IONOSPHERE AND IN OTHER MAGNETO-PLASMAS

*DEF. RESe TELECOMMUNs ESTABLss REP. NOe 1178y OTTAWAy CANey 1967,

MULOREWsDeBe
DELAYED GENERATION OF AN ELECTROMAGNETIC PULSE IN THE TOPSIDE IONQSPHERE
*Js GIOPHYSe RESey 72y NOs 154 3777-3794, AUG. 1967.

MULDREWsDeBa
MEDIUM FREQUENCY CONJUGATE ECHOES OBSERVED ON TOPSIDE-SOUNDER DATA
*CANe Jo PHYSsy 434 3335-3944, DEC. 1967,

MULOREWyDeBe
NONVERTICAL PROPAGATION AND DELAYED-ECHO GENERATION OBSERVED BY THE TOPSIDE SOUNDERS

*PROCe OF THE IEEEs 579 1097-11074 JUNE 1969.

MULDREWsDeBe
PRELIMINARY RESULTS OF ISIS A CONCERNING ELECTRON-DENSITY VARIATIONS+ IONDSPHERIC RESONANCES AND CERINKOV
RADIATION
«SPACE RESey 10y 786-794y 1970. (PROC. OF 12TH COSPAR PLZINARY MEETINGs PRAGUEs CZECHes» MAY 11-24, 1965.
MULDREWsD.B.
ELECTRON RESONANCES IN THE IONOSPHERE
«IN -~ PROGRESS IN RADIO SCI. 1966-1969y VOLs 1y 107-111y INTERN. UNION OF RADIO SCI.s BRUSSELSs BELGIUM,
1970.

MULDRE WeD B
ELECTROSTATIC RESONANCES ASSOCIATED WITH THE MAXIMUM FR¥QUENCIES OF CYCLOTRON-HARMONIC WAVES

*Jo GEOPHYS. RESes 774 NO. 10y 1794-1801, APR. 1S572.

MULDREWsDeBe
ELECTRON RESONANCES JBSERVED WITH TOPSIDZ SOUNDERS
*RADIO SCles T9 NOo 8-9y 779-789s AUG.-SEPTe 1972.

MULDREWIDBe
FORMATION OF DUCTS AND SPREAD F AND THE INITIATION OF BJUBBLES BY FIELD ALIGNED CURRENTS

*Jes GEOPHYS. RES.y B85y NQ. A2y 613-625s 3. 1980,

MULDREW DB

CHARACTERISTICS OF JONOSPHERIC BUBBLES DETERMINED FROM ASPECT SENSITIVE SCATTER SPREAD F OBSERVED WITH
ALOUZTTE 1
*Jo GEOPHYS. RESss 85y NO. ASy 2115-2123, “AY 1980.

MULDREWsD B

ALOUETTE~ISIS RADID WAVE STUDIES OF THE CLEFTy THE AURORAL ZONE, AND THE MAIN TROUGH AND OF THEIR
ASSOCIATED IRREGULARITIES
*RADIC SCIlesy 18y 1140-1150s DEC. 1983,

MULDREWsD4BoW
OBSERVATIONS OF THE CUSP WITH TOPSIDE SOUNDERS
*IN =- THE POLAR CUSP, 377-386s JeA. HOLTZIT, Do REIDEL PUBLe CO«y 1985,

MULDREWsD «Bs HAGGrEsLe
NOVEL IONOSPHERIC CYCLOTRON RESONANCE PHENOMENON OBSERVED ON ALOUETTE 1 DATA

*CANe Jo PHYSes 44y 925-939y MAY 1366,

MULDREWsDeBs HAGGeEeLs
PROPERTIES OF RIGH-LATITUDE IONOSPHERIC DUCTS OEDUCED FROM ALOQUETTE 2 TWO-HOP ECHOES

*PROC. OF THE IEEEs 57y 1128-11344 JUNE 1969,

MULDREWsDeBs HAGGsESL.
STIMULATION OF JONOSPHERIC-RESONANCE ECHOES BY THE ALOUETTE II SATELLITE
«IN == PLASMA WAVES IN SPACE AND IN THE LABa.s 2y 55-68y JeOe« THOMASy AM. ELSEVIER PUBLe COss NEW YORKy NY,

1970.

MULDREWsDeBe ESTABROOKSyMeFe

COMPUTATION OF OISPERSION CURVES FOR A HOT MAGNETOPLASMA WITH APPLICATION TO THE UPPER-HYBRID AND
CYCLOTRON FREQUENCIES
*RADIO SCles 79 NOo Sy 579~5864 MAY 1972,

MULDREWsDeBs JAMESyHeGe
IONOSPHERIC EFFECTS ON THE DOPPLER FREQUENCY FOR A SEARCH AND RESCUE SATELLITE
*IN == OPERs MODELLING OF THE AEROSPes PROPAGe ENVIRON.y AGARD-CPP-238, 1978,

MULOREWIDeBe JAMESs4.5.
IONOSPHERIC EFFECTS ON THE DOPPLER FREQUENCY SHIFT IN SARSAT PROPAGATION
»COMMUN. RES. CENT.s REPs NOso 1313y OTTAWAy CANey FEBs 1978,

MULOREWIDeBs VICKREYeJoFoe
HIGH-LATITUDE F REGION IRREGULARITIES OBSERVED SIMULTAVIJUSLY WITH ISIS 1 AND THE THATANIKA RADAR

*Jo GEOPHYS. RESes 879 NO. 410, B263-8272y OCT. 1982.

MULDREWsDeBe LITWACK9MeDs TIMLECKePosLs
INTERPRETATION OF THE STATISTICS OF OCCJRIENCE OF ALOUSTYE 1 EARTH ECHOES
*PLANET. SPACE SCles 15. £11-618s APRe. 1967.

MULDREWsDeBe GLADWINgJoCs JAMESyH.Gs

F-LAYER MODEL FOR NORTH AMEIRICA AND ITS APPLICATION TO TME SEARCH AND RESCUE SATELLITE PROGRAM
#IN =-- PROCe SYMP. COSPAR SATELLITE BEACON GROUP OW BEACON SATELL. MEASUREMENTS OF PLASMASPHERIC AND
IONOSPHERIC PROPERTIESs FIRENZEs ITALYs 22-25 MAY 1978, 42-1 THROUGH 42-7, UNDATED.

MURPHREEy Jo Se

COORDINATED IONOSPHIRIC AND MAGNETOSP4IRIC OBSERVATIONS FROM THE ISIS 2 SATELLITE BY THE ISIs 2
EXPERIMENTERS VOLUME 1 OPTICAL AURORAL IMAGES AND RELATED DIRECT MEASUREMENTS

*NSSDCy 80-03y GREENBELTy MOy JULY 1980.

MURPHREEsJaSe ANGERsC.De
INSTANTANEOUS AURORAL PARTICLE ENERGY DEPOSITION AS DETERMINED BY OPTICAL EMISSIONS
«GEOPHYS. RESe LETTey 5y NO. 6+ 551-554s JUNE 1978.

MURPHREEy Je Se  ANGERyCoDe
OBSERVATION OF THE INSTANTANEOUS OPTICAL AURORAL DISTRIBUTION
»CAN. Jo PHYSes 589+ NOe 2y 216-~223y FEB. 1980,

MURPHREEyJsSe ANGERyCoDe
EMPIRICAL METHDD FOR DETERMINING ALBEDO CONTRIBUTION TO SATELLITE PHOTOMETER DATA L RIGINAL PAGE IS

OF POOR QUALITY

*REMOTE SENSING ENVIRONes 9y NO. 34 183-187, MAY 1980.
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MURPHREEyJeSe COGGERsLaLe
OBSERVED CONVECTIONS BETWEEN APPARENT POLAR CAP FEATURIS AND THE INSTANTANEQUS DITFUSE AURORAL OVAL
*PLANET. SPACE SCIes 29y NO. 11y 1143-1149, NOV. 198l.

MURPHREEs Jo S  ROBERTSONgIeWeHe ANGERsCoDe COGGERsL oL
ROCKZT OBSERVATIONS 0OF AURORAL ALBEDO OVIR SNOW
=APPLe OPTey 179 NOe. 124 1849-18350+ JUNE 1978,

MURPHREEsJeSe COGGERsLelLe ANGERsCeDe ISMAIL9Se SHEPHERD GG
LARGE SCALE 6300Ay S577Ay 3914A DAYSIDE AURORAL MORPHOLOGY ()
*GEOPHYS. RESs LETTey 7+ NOo 49 239-242y APRIL 1980. B IQI(JIpq

MURPHREE yJeSe COGGERsLoLe ANGERCeDe QE P
CHARACTERISTICS OF THE INSTANTANEGUS AURORAL OVAL IN THE 1200-1800 MLY SECTOR
*Jeo GEOPHYS. RESes 86y NOeo A9y T657-7668y SEPT. 1981,

MURPHREEsJeSe ANGERyCsDe COGGERsL.Le

INSTANTANEOUS RELATIONSHIP BETWEEN POLAR CAP AND OVAL AURQRAS AT TIMES OF NORTHWARD INTERPLANETARY
MAGNETIC FIELD
#CAN. Jo PHYSa.y 60y 349-3564 MAR. 1982,

MUZZIGsJaLeRe RAMINEZ PAROGsP. DE MENDONCAsF.

MEASUREMENTS OF THE EARTH'S TOTAL MAGNETIC FIELD AT HEIGHTS OF 1000 KM IN THE BRAZILIAN ANOMALY
*SPACE RESey 69 217-221y 1966 (PROC. OF THE 6TH INT. SPACE SCI. SYMP.y MAR DEL PLATA, ARGENTINAs MAY
11-19y 1965).

NAGY9sAeFe WINNINGHAM 3JuDa BANKS P .M.
EFFECT OF CONJUGATE PHOTOELECTRON IMPACT IONIZATION ON THE PRE-DAWN IONOSPHERE
*Jeo ATMOS. TERRe PHYSes 35y NO. 124 2289-22%91, DEC. 1973.

NAKACHEsJe

COMPARATIVE STUDY OF RECEPTION ZONES ABOVE THE CONJUGATE AREAS OF EUROPE AND SOUTH AFRICA FOR SIGNALS
PRODUCED BY EUROPEAN LONG-WAVE TRANSMITTERS AND RECEIVED BY CANADIAN SATELLITES

*ANN., DE GEOPHYSes 36y 587-598y OCT.-DEC. 19580.

NAKAMURAsNe MATUURAyNs NISHIZAKIeRe.

BRANCH ECHG TRACES ON TOPSIDE IONOGRAMS CAUSED BY GEOMAGNETIC FIELD-ALIGNED IRREGULARITIES IN ELECTRON
DENSITY
*RADIO RES. LABe Jay 21y NOs 167y 503-518, 1974

NARASINGA RACsBeCe SINGHyReNe MAIERsEsd.
PHOTOELECTRON ESCAPE FLUXES OVER THE EQUATORIAL AND MIDLATITUDE REGIONS
*INDIAN Jo RADIO SPACE PHYSey 1ls 198y 1972,

NELMS9Gel o
SCALE HEIGHTS OF THE UPPER IONOSPHERE FROM TOP-SIDE SOUNDINGS
«CAN. Jo PHYSay 41y 202-206s JAN. 1963,

NELMS+Gel o
IONOSPHERIC RESULTS “ROM THE TOPSIDE SOUNDER SATELLITE ALOUETTE

*SPACE RESes 49 437-448y 1964. (PROC. OF THE 4TH INTERN. SPACE SCIe SYMP.s WAISAWs POLANDs JUNE 4-10,
1963).

NELMSsGoL s

SEASONAL AND DIURNAL VARIATIONS OF THE DISTRIBUTION OF ELECTRON DENSITY IN THE TOPSIOE OF THE IONOSPHERE
*IN =-- ELECTRON DENSITY PROFILES IN 1IONOSe AND EXOSes 358-386y Jo FRIHAGEN s VORTH-4OLLAND PU3L. COeo
AMSTERDAMy THE NETHERLANDS, 1966

NELMS9Gel e WARRENyELSe

SOME IRREGULAR VARIATIONS OF THE ELECTRON DENSITY IN THE TOPSIDE OF THE IONOSPHERE
*SPACE RESes 59 637-638y 1965 (PROCe. STH INT. SPACE SCIe SYMPey FLORENCEs ITALY, MAY 12-16y 1964).

NELMS9Gele LOCKWOODsGeEaKe
EARLY RESULTS FROM THE TOPSIDE SOUNDER IN THE ALOUETTE 2 SATELLITE

*SPACE RESey Ty 604-623y 1967. (PROCs OF THE 7TH INTERN. SPACE SCl. SYMP.» VIEVVAy AUSTRIA, MAY 10-18,
19661}

NELMSsGele CHAPMANsJsH.

HIGH LATITUDE IONOSPHERE - RESULTS FROM ALOUETTE/ISIS TOPSIDE SOUNDERS
«IN -~ POLAR IONOSPHERE AND MAGNETOSPHEIC PROCESSESs 233-269s 30RDON AND BREACHs SCIe PUBLey NEW YORK,
NYy 1970,

NELMS9Gele BARRINGTONJReEe BELROSEsJeSe HARTZyTeRe MCDIARMIDsI.B. BRACEyLeH.

ALOUETTE 2 SATELLITE
*CANe Jo PHYSey 4845 NOo Ty JULY 1966

NISBETyJeSe GQUINNyT.P. WIDMAIERyJ.

MEASUREMENTS OF ELECTRON DENSITY IN THE UPPER IONOSPHERE BY PROPAGATION MEASUREMENTS BETWEEN SECTIONS OF
A HIGH ALTITUDE ROCKET
*SPACE RESes Ty #17-425, 1967. (PROCe OF THE 7TH INT. S®ACE SCIe SYMP.y VIENNAs AUSTRIAs MAY 10-18, 1365).

NISHIDALA,.
AVERAGE STRUCTURE AND STORM-TIME CHANGE OF THE POLAR TOPSIDE IONOSPHERE AT SUNSPOT MINIMUM
*Jo GEZOPHYS. RESes 72y NO. 23y 6051-6061y JEC. 1967,

NISHIZAKIsR. NAGAYAMAyMe

ANALYSIS OF OBSERVATIONAL DATA OBTAINED BY ALOUETTE 2. 5. COMPARISON OF FOF2 FROM TWO OBSERVATIONAL
METHODS OF TOP-SIDE SOUNDING AND GROUND BASED SOUNDING
*RADIO RES. LABe Jes 169 NO.o B7-88, 227-2344 NOV. 1969.

NISHIZAKIyRe NAGAYAMAyM.

ANALYSIS OF OBSERVATIONAL DATA OBTAINED BY ALOUETTE 2. 5 =~ COMPARISON OF THE F2 CRITICAL FREQUENCIES FROM
TWO OBSERVATIONAL METHODS OF TOPSIDE SOUNDING AND GROUND BASED SOUNDING
*RADIO RESs LABs REV.s 159 559-563, NOVe 1969.

NISHIZAKIsRe MATUURAyN.
CONJUGATE DUCTED ECHOES OBSERVED ON ALOUETTE 2 IONOGRAMS
#RADIO RES. LABs Je» 199 NO. 99y 53-674 1572,

NORTONsReB.
MIDDLE-LATITUDE F REGION DURING SOME SEVERE IONOSPHERIC STORMS
«PROCs OF THE IEEEs 579 1147-1149y JUNE 1969,

NORTONsReBe MAROVICHES
ALOUETTE OBSERVATIONS TAKEN DURING A MIDDLE-LATITUDE RED ARC
*PROC. OF THE IEEEs 57y 1158-1160s JUNE 1969.

NORTONyReBe FINDLAYyJoAs
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NSSDC ID

o1

PI

PM

Ps

APPENDIX A - DEFINITIONS

- No Ionger Affiliated. Used in the spacecraft personnel

section to indicate that the person had the specified
affiliation at the time of his participation in the
project, but is no longer there. Used in the investigation
personnel section to indicate that the affiliation shown is
the last known scientific affiliation and that the given
person is no longer there.

An identification code used in the NSSDC information system.
In this system, each successfully launched spacecraft and
experiment is assigned a code based on the launch sequence

of the spacecraft. This code (e.g., 69-009A for the
spacecraft ISIS 1) corresponds to the COSPAR international
designation. The experiment codes are based on the
spacecraft code. For example, the experiments carried
aboard the spacecraft 69-009A are numbered 69-009A-01,
69-009A-02, etc. Similarly, data sets corresponding to
experiment 69-009A-01 are coded 69-009A-01A, -01B, etc.

Each prelaunch spacecraft and experiment is also assigned

an NSSDC ID code based on the name of the spacecraft. For
example, the approved NASA mission Solar Mesosphere Explorer
was coded SME prior to launch. The experiments carried aboard
this spacecraft were coded SME -01, SME -02, etc. Once it was
launched, its prelaunch designation was changed to a
postlaunch one: 81-100A.

Other Investigator.
Principal Investigator.

Project Manager. If a spacecraft has had several project
managers, the initial and the latest project managers are
both indicated in the spacecraft personnel section. For

international programs there is usually a project manager
in each of the two principal participating nations. The

current or more recent PM is listed first.

Project Scientist. The above comment for project managers
also applies to project scientists.
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LIST OF DOCUMENTS AVAILABLE FROM NSSDC*
! (April 1986)
I

NSSDC Order Number Publication Title

DOCUMENTS DESCRIBING THE OPERATION OF NSSDC AND WDC-A-R&S

NSSDC/WDC~-A-R&S 84-19 Guidelines for Submitting Data to the National
Space Science Data Center
NSSDC/WDC-A-R&S 86-02 NSSDC and WDC-A-R&S Document Availability and

Distribution Services

General Information

NSSDC/WDC-A~R&S 81-06 Lunar Maps Available from NSSDC
NSSDC/WDC~-A-R&S 81-10 Report on Active and Planned Spacecraft and
Experiments (September 1981)
NSSDC/WDC-A-R&S 83-08 Report on Active and Planned Spacecraft and
Experiments (September 1983)
NSSDC/WDC-A-R&S 85-01 Report on Active and Planned Spacecraft and
Experiments (February 1985)
NSSDC/WDC-~-A~R&S 85~05 NSSDC Data Listing (July 1985)

NSSDC Newsletter (a quarterly publication)

DOCUMENTS DESCRIBING DATA MANAGEMENT SYSTEMS

The Pilot Climate Data System Brochure

The Pilot Climate Data System Catalog

Advancements in Land Resource Data Management:
Pilot Land Data System

Advancements in Land Science Management: Pilot
Land Data System

The Development of a Prototype Intelligent
Interface for NASA's Scientific Database Systems

GSFC X-931-82-14 Crustal Dynamics Data Information System User's

Guide

*This list contains documents which are available as hardcopy and which
will be provided as hardcopy until the supply is depleted; then they will be
provided on microfiche. Earlier editions of documents, such as NSSDC Data
Listing and Report on Active amd Planned Spacecraft and Experiments, which

\ are not listed, are available on microfiche. The dagger symbol (*t)
following a listed document title signifies that the document is now
provided on microfiche.

~
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LIST OF DOCUMENTS AVAILABLE FROM NSSDC (CONTINUED)

DOCUMENTS DESCRIBING THE AVAILABILITY OF EXPERIMENT DATA

Astronomy

NSSDC 74-15c Data Catalog of Satellite Experiments - Astronomy
and Solar Phyeics’

NSSDC/WDC~A-R&S 78-05 Directory of Astronomical Data Files

NASA ™ RP 1118 Catalog of Infrared Observationst

NSSDC/WDC-A~R&S 80-07 Astronomical Data Center Bulletin, Vol. 1, No. 1

NSSDC/WDC~-A-R&S 81-09 Astronomical Data Center Bulletin, Vol. 1, No. 2

NSSDC/WDC~A~-R&S 83-04 Astronomical Data Center Bulletin, Vol. 1, No. 3

NSSDC/WDC~A-R&S 82-01 Digest of Celestial X-Ray Missions and Experiments

NSSDC/WDC-A-R&S 84-13 Data Announcement Bulletin: Availability of Infrared

Astronomical Satellite (IRAS) Data Sets from NSSDC

Ionospheric Physics

NSSDC 74-15a Data Catalog of Satellite Experiments: Ionospheric
Phyaics, Mateorology, and Planetary Atmospheres

NSSDC 75-07 Catalog of Ionospheric and Atmospheric Data

NSSDC/WDC-A-R&S 80-03 Coordinated Ionospheric and Magnetospheric Observa-

tions from the ISIS 2 Satellite by the ISIS 2
Experimenters, Vol. 1, Optical Auroral Images and
Related Direct Measurements

NSSDC/WDC-A-R&S 80-05 Coordinated Ionospheric and Magnetospheric Observa-
tions from the ISIS 2 Satellite by the ISIS 2
Experimenters, Vol. 3, High~Latitude Charged
Particle, Magnetic Field and Ionospheric Plasma
Observations During Northern Summer

NSSDC/WDC-A~R&S 80-09 Coordinated Ionospheric and Magnetospheric
Observations from the ISIS 2 Satellite by the
ISIS 2 Experimenters, Vol. 2, Auroral Optical
Emissions, Magnetic Field Perturbations, and
Plasma Characteristics, Measured Simultaneously
on the Same Magnetic Field Line

NSSDC/WDC~A-R&S 81-01 Coordinated Ionospheric and Magnetospheric
Observations from the ISIS 2 Satellite by the ISIS
2 Experimenters, Vol. 4, A. Large Storms B. Air-
glow and Related Measurements C. VLF Observations

4+This document, which is no longer available as hardcopy, is now provided on
microfiche.
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LIST OF DOCUMENTS AVAILABLE FROM NSSDC (CONTINUED)

DOCUMENTS DESCRIBING THE AVAILABILITY OF EXPERIMENT DATA (Continued)

Meteorology and Remote Sensing

NSSDC 74~15a

NSSDC/WDC-A-R&S 82-25

NS8SDC/WDC-A-R&S 84-09

Particles and Fields

NSSDC 75-02

NSSDC 75-03
NSSDC/WDC=-A-R&S 77-04
NSSDC/WDC-A-R&S 77-04a
NSSDC/WDC-A-R&S 79-08
NSSDC/WDC~-A-R&S 83-01
NSSDC/WDC-A-R&S 86-04
NSSDC/WDC-A-R&S 82-28

Planetary Atmospheres

NSSDC 74-15a

NSSDC 75-07

The Nimbus 5 User's Guide

The Nimbus 5 Data Catalog, Vols. 1-12%

The Nimbus 6 User's Guide

The Nimbus 6 Data Catalog, Vols. 1-12%

The Nimbus 7 User's Guide

Nimbus 7 Flight Evaluation Reports 1-4t

The GOES/SMS User's Guide?

Heat Capacity Mapping Mission (HCMM) User's Guide
HCMM Information Packet (Data Catalog, Users Guide,
Day/Night Image Catalog, Documentation)

Magsat Information Packet

Data Catalog of Satellite Experiments - Ionospheric
Physics, Meteoroloqgy, and Planetary Atmospheres
Data Announcement Bulletin: Space Shuttle OSTA 1
Payload Data

OSTA 1 Experiments

Data Announcement Bulletin: The SIR-A Movie

Catalog of Particles and Fields Data 1958-1965
Catalog of Particles and Fields Data 1966-1973
Interplanetary Medium Data Book

Interplanetary Medium Data Book - Appendix
Intexplanetary Medium Data Book, Supplement 1
Interplanetary Medium Data Book, Supplement 2
Interplanetary Medium Data Book, Supplement 3
Data Announcement Bulletin: Availability of IMP-J

(IMP 8) Interplanetary Field and Plasma Data
for the International Magnetospheric Study Period
(IMS)

Data Catalog of Satellite Experiments - Ionospheric
Physics, Meteorology, and Planetary Atmospheres
Catalog of Ionospheric and Atmospheric Data

tThis document, which is no longer available as hardcopy, is now provided on

microfiche.
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LIST OF DOCUMENTS AVAILABLE FROM NSSDC (CONTINUED)

DOCUMENTS DESCRIBING THE AVAILABILITY OF EXPERIMENT DATA (Continued)

Planetology
NSSDC 74-15d Data Catalog of Satellite Experiments - Planetology?
NSSDC 69-05 Lunar Orbiter Photographic Data Package’
NSSDC 76-02 Status of Availability of Lunar Orbiter TV Pictures
NSSDC 70-06 Apollo 11 Lunar Photographic Data Packaget
NSSDC 70-09 Apollo 12 Lunar Photographic Data Package*
NSSDC 70-18 Apollo 13 luanar Photographic Data package?
NSSDC 71-16 Apollo 14 lunar Photographic Data Packaget
NSSDC 72~07 Apollo 15 ILunar Photographic Data Packagef
NSSDC 73-01 Apollo 16 Lunar Photographic Data Package'!
NSSDC 74-08 Apollo 17 Lunar Photographic Data Package"
NSSDC/WDC-A-R&S 77-02 Catalog of Lunar Mission Data
NSSDC/WDC-A-R&S 78-03 Lunar Transient Phenomena Catalog'
NSsSDC 71-09 Mariner 6 and 7 Photographic pata?t
NSSDC 73-03 Mariner 9 Data Announcement Bulletin®
NSSDC 74-05 Mariner 9 Data Announcement Bulletin Supplement*
JPL T™ 33-595-VL1 Mariner Mars 71 TV Picture Catalog, Vol. 1
JPL T 33-585-VL2 Mariner Mars 71 TV Picture Catalog, Vol. 2
JPL ™ 33-595 Mariner 9 TV Picture Microfiche Library Users Guide
JPL T 33-628 Users Guide to Mariner 9 TV RDR
JPL T™ 33-723 Guide to User of Mariner Images

i NSSDC 75-18 Status of Availability of Mariner 10 TV Pictures?

| NSSDC 76-01 Zond 8 Lunar Photography Data Announcement Bulletint
NSSDC/WDC-A-R&S 78-01 Catalog of Viking Mission Data
NASA RP-1007 Viking Lander Imaging Investigations
NSSDC/WDC—-A-R&S 80-11 Apollo Seismological Investigations Data User's Note

Solar Physics

NSSpDC 74-15c Data Catalog of Satellite Experiments - Astronomy
and Solar Physics?t

+This document, which is no longer available as hardcopy, is now provided on
microfiche.
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GSFC

JSR,

JSR,
NASA

NSSDC

NSSDC
NSSDC

NSsDC
NSSDC

NSSDC

NSSDC

NSSDC

NSSDC

NSSDC

NASA

LIST OF DOCUMENTS AVAILABLE FROM NSSDC (CONTINUED)

REPORTS ON MODELS OF THE NEAR-EARTH ENVIRONMENT

X-601-72-487

12, 2 Feb.

11, 6 June
SP-3024

72-06

72-11
72-12

72-13
72-14

74-03

75-11
/WDC-A~R&S
/WDC-A-R&S
/WDC-A-R&S

SpP-3054

NSSDC/WDC-A~R&S

NSSDC

/WDC-A-R&S

'75

'74

76-04

76-06

77-01

79-01
79-06

GSFC X-601-75-136

GSFC X-922-74-303
GSFC X-645-72-301

A Model of the Starfish Flux in the Inner Radiation
Zonet

Energetic Solar Proton ws. Terrestrially Trapped
Proton Fluxes for the Active Years 1977-1983%
Solar Proton Fluences for 1977-1983%

Models of the Trapped Radiation Environment,

Vol. VII: Long~Term Time Variations

The AE 4 Model of the Outer Radiation Zone Electron
Environment

The Use of Inner Zone Electron Model AE *t

ALIMAG, GDALMG, LINTRA: Computer Programs for
Geomagnetic Field and Field-Line Calculations?

A Model Environment for Outer Zone Electrons?

Study of Mutual Consistency of IMP 4 Solar Proton
Data

A Model of the Trapped Electron Population for Solar
Minimum

SOLPRO: A Computer Code to Calculate Probabilistic
Energetic Solar Proton Fluences?t

AE 6: A Model Environment of Trapped Electrons for
Solar Maximum

AP 8 Trapped Proton Environment for Solar Maximum
and Solar Minimum

A Model of the Near-Earth Plasma Environment and
Application to the ISEE-A and =B Orbit

World Maps of Constant B, L, and Flux Constants?

SOFIP: A Short Orbital Flux Integration Program?’

A Study of Inner Zone Electron Data and Their
Comparison with Trapped Radiation Models

A Survey of long-Term Interplanetary Magnetic Field
Variations?t

Computation of the IGRF I. Spherical Expansionst

Average Daily Variations in the Magnetic Field as
Observed by ATs 5%

tThis document, which is no longer available as hardcopy, is now provided on
microfiche.
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LIST OF DOCUMENTS AVAILABLE FROM NSSDC (CONTINUED)

ROCKET AND SATELLITE INFORMATION AND DATA EXCHANGE DOCUMENTS

NSSDC/WDC-A-R&S 78~02 Launch Summary for 1973-77%
NSSDC/WDC-A~R&S 84-~01 Launch Summary for 1978-1982
GSFC X-601-72-002 The National Space Science Data Center Guide to

International Rocket Datat

IMS/SSC REPORTS AND OTHER ORBIT INFORMATION

IMS/SSC Report No. 9 IMS Directory of Spacecraft and Experiments
Scientific Contacts - Final Update October 1980

GSFC %~692-70-64 Trajectories of Explorers 33, 34, and 35 July 1966~
April 1969

GSFC X-692-73-291 Trajectories of Explorers 33, 35, 41, 43, and 47
May 1969 - December 1972

GSFC X-601-76-38 Trajectories of Explorers 43, 47, and 50
September 1972 - December 1975%

NSSDC/WDC-A-R&S 86-03 Trajectories of Pioneers 6-11, Helios A and B
and Voyagers 1 and 2

Circular Letter Nr 7 CCOG Handbook for the IMS-GEOS (Period 1976-79)!

Circular Letter Nr 8 Supplement to the CCOG Handbook for the IMS-GEOS

(Period 1976-79)

DATA ANALYSIS WORKSHOP CENTER (DAWOC)

NSSDC/WDC-A-R&S 79-02 An Evolutionary Approach to the Group Analysis of
Global Geophysical Data

CDAW 1.0 Data Catalog The IMS Events of December 1 1500h-December 2 2400h,
1977 and December 11 2100h-December 12 0730h, 1977

CDAW 2.1 Data Catalog The IMS Events of July 28 1200h~July 29 2000h, 1977

CDAW 3.0 Data Catalog ISEE 1 and ISEE 2 Bow Shock Crossings

CDAW 4.0 Data Catalog ISEE 1 and ISEE 2 Magnetopause Crossings

CDAW 6.3 Data Catalog An IMS Study: Energy Transfer in Near-Earth Space
Associated with Substorms of March 22 and 31, 1979

CDAW 7.0 Data Catalog The Response of the Magnetotail to Substorm

Expansive Phase Activity

+This document, which is no longer available as hardcopy, is now provided on
microfiche.
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LIST OF DOCUMENTS AVAILABLE FROM NSSDC (CONTINUED)

NSSDC/WDC-A-R&S 81-04

NSSDC 71-05
NASA SP 7601

NSSDC 71-21

DATA CATALOG SERIES FOR

MISCELLANEOUS

Modeling the Data Systems Role of the Scientist
(for the NEEDS Command and Control Task)?t

Handbook of Correlative Data'
OGO Program Summary

IMP Series Report/Bibliography'

SPACE SCIENCE AND APPLICATIONS FLIGHT MISSIONS

NSSDC/WDC-A-R&S 82-21

NSSDC/WDC-A-R&S 82-22

NSSDC/WDC-A~R&S 83-03

NSSDC/WDC-A~R&S 85-03

NSSDC/WDC-A-R&S 86-01

Descriptions of Planetary and Heliocentric Spacecraft
and Investigations (Volume 1A)

Descriptions of Geostationary and High-Altitude
Scientific Spacecraft and Investigations (Volume 2A)

Descriptions of Low- and Medium-Altitude Scientific
Spacecraft and Investigations (Volume 3A)

Descriptions of Meteorological and Terrestrial
Applications Spacecraft and Investigations (Volume 4A)

Descriptions of Data Sets from Low- and Medium~Altitude
Scientific Spacecraft and Investigations (Volume 3B)

tThis document, which is ro longer available as hardcopy, is now provided on

microfichee.
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