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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. Also available at NSSDC is a 
computerized space science literature file containing about 36,000 literature 
citations coded according to satellite(s) and experiment(s1. The task of 
producing a program summary can theref ore 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 S e P k s  
R e p o r t / B i b Z i o y m p h y ,  prepared by Joseph H. King in December 1971. 
document of this type generated at NSSDC was the OCO P r O g M m  SUmrY, 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. 
discussion of scientific results. It is planned to include these in a later 
publication. 

The second 

Also omitted in the present report is a comprehensive 
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I1 INTRODUCTION 

Prior t o  the  launch of Alouette 1 (September 29, 19621, t h e  ionosphere 
w a s  v i r t u a l l y  unknown above an a l t i t u d e  of about 400 km. The Alouette-ISIS 
sa te l l i t es  have provided a wealth of data  concerning the  morphology of t h e  
p o l a r ,  mid la t i tude ,  and equa to r i a l  ionosphere t o  a l t i t u d e s  up t o  3500. km. The 
measurements (which included not only e l ec t ron  dens i ty ,  but a l s o  plasma 
composition and temperatures) included a l l  local t i m e s  and a l l  seasons, and 
encompassed a f u l l  range of solar a c t i v i t y .  N e w  knowledge w a s  a l s o  acquired 
concerning t h e  propagation and generat ion of electro-magnetic waves i n  the  
ionosphere a t  both radio and VLF frequencies .  A l a rge  family of plasma wave 
phenomena w a s  discovered and explained. Valuable data were a l s o  obtained 
concerning t h e  f lux  of p a r t i c l e s  a t  energ ies  ranging from 5 eV t o  20 MeV. 
L a s t ,  but not l e a s t ,  spec tacular  r e s u l t s  were achieved with t h e  o p t i c a l  
experiments on ISIS 2, which f o r  t h e  f i r s t  t i m e  provided snapshots of t h e  f u l l  
a u r o r a l  oval .  

The previous paragraph merely h i n t s  a t  some of t h e  s c i e n t i f i c  a reas  t h a t  
have benef i ted  s i g n i f i c a n t l y  from the  Alouette-ISIS data .  The importance of 
t h e  Alouette-ISIS program can a l s o  be appreciated from t h e  f a c t  t h a t  it 
rep resen t s  50 s a t e l l i t e - y e a r s  of measurements i n  the  terrestr ia l  ionosphere, 
which have l e d  t o  approximately 1000 publ ica t ions .  

Although art icles based upon t h e  Alouette-ISIS data  continue t o  appear i n  
t h e  published l i t e r a t u r e ,  t h e  majori ty  of them have been wr i t t en ,  and one is 
now a b l e  t o  assess t h e  accomplishments of t h e  program. Alouette 1 won 
recogni t ion  mainly through the  success of t he  tops ide  sounder, which alone l ed  
t o  220 publ ica t ions .  Some add i t iona l  i n t e r e s t i n g  s t a t i s t i c a l  da ta  pe r t a in ing  
t o  the  Alouette-ISIS l i t e r a t u r e  w i l l  be discussed later. Much of t he  enormous 
volume of data obtained has been deposited i n  the  World Data Centers where it 
has been made ava i l ab le  t o  t h e  s c i e n t i f i c  community f o r  f u r t h e r  s tud ie s  and 
ana lys i s .  A l l  of t hese  f a c t o r s  have cont r ibu ted  t o  the  major role which t h e  
Alouette-ISIS data have played i n  f u r t h e r i n g  our understanding of the 
near-earth environment. 

The Alouette-ISIS program was a j o i n t  undertaking between Canada and t h e  
United States. Canada provided t h e  Alouette and ISIS spacec ra f t ,  da ta  
a c q u i s i t i o n ,  and sa te l l i t e  cont ro l .  The USA provided the  launch capab i l i t y ,  
t r ack ing ,  and data acqu i s i t i on .  S a t e l l i t e  instruments and da ta  processing 
support  w e r e  provided by both count r ies .  The USA also provided t h e  Explorer 
20 and Ekplorer 31 spacecraf t  t h a t  are considered part of t he  Alouette-ISIS 
program and are included i n  t h i s  summary. During t h e  course of t h e  program 
t h e s e  coun t r i e s  cont r ibu ted  te lemet ry  support  and co l l abora t ive  data ana lys i s :  
Austral ia ,  Finland, France, Ind ia ,  Japan, New Zealand, Norway, and the  United 
Kingdom. 

The design of t he  Alouette 1 spacec ra f t  w a s  begun i n  1959 a t  a very e a r l y  
s t a g e  of space technology, when satell i te equipment and components were prone 
t o  f a i l u r e ,  and m o s t  spacecraf t  had a l i fe t ime of only a few months. Alouette 
w a s  a t  l e a s t  as complex as any spacecraf t  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 I11 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) (OI), 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 I E E E  because a special issue of this 
journal in June 1969 was devoted to topside sounding, which was the 
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p r i n c i p a l  research tool used on Alouette 1, Alouet te  2, and Explorer 20. 

CAN. J. PHYS. 
PROC. OF THE IEEE 
GEOMAG AERONOMY 

44 
49 
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 
134 OTHERS (5 1 JOURNALS ) 
I_ 

TOTAL 689 

TABLE 1. Alouette-ISIS Refereed Publ icat ions Sorted by Journal 
( a s  Of Ju ly  1986) 

Table 2 shows t h e  d i s t r i b u t i o n  of t h e  same pub l i ca t ions  by nations.  The 

Some p ro ra t ing  w a s  done whenever authors of a given paper 
n a t i o n a l i t y  assigned t o  a given paper w a s  t h e  same as t h e  n a t i o n a l i t y  of t h e  
sponsoring agency. 
were sponsored by agencies i n  d i f f e r e n t  countr ies .  The f i n a l  f i g u r e s  i n  Table 
2 have been rounded off t o  whole numbers. It is seen t h a t  most of t h e  
pub l i ca t ions  o r ig ina t ed  i n  Canada and i n  t h e  United States, followed by t h e  
United Kingdom, Japan, and su rp r i s ing ly  t h e  USSR. Except f o r  t h e  USSR, t h e  
nat ions shown i n  Table 2 were active p a r t i c i p a n t s  i n  the  program, helping with 

CANADA 
FRANCE 
I N D I A  

JAPAN 
NEW ZEALAND 
U N I T E D  KINGDOM 

UNITED STATES 
USSR 
OTHERS (6 NATIONS) 

238 
24 
15 

39 
15 
43 

254 
34 
27 - 

TOTAL 689 

TABLE 2. Alouette-ISIS Wfereed Publ icat ions Sorted by Nation 
(as of Ju ly  1986) 
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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 Alouette 1 was launched. 

AL 2 

176 

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 a l so  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. 

ISIS 1 

116 TOTAL PUBLICATIONS 
(REFEREED) 

130 ( 7 4 % )  

103 (58%)  

SOUNDER & CrrHER DATA 55 ( 4 7 % )  

38 ( 3 3 % )  SOUNDER DATA ONLY 

TABLE 3. 

AL 1 

302 

234 ( 7 7 % )  

219 ( 7 2 % )  

Sounder Publications Compared to Total 
Publications and Brcentage of Total 

ISIS 2 

~~ 

178 

55 ( 3 1 % )  

26 ( 1 5 % )  

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, AdVancua in Space Husearch The number 
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of r epor t s  i n  the  various ca tegor ies  is indica ted  i n  Table 4. 

PROCEEDINGS (AND BOOKS) 
COS PAR 

129 
34 

GOVERNMENT REPORTS 83 
INDUSTRY REPORTS 8 

26 UNIVERS ITY REPORTS - 
TOTAL (NONJOURNAIS ) 280 

6 89 - TOTAL (REFEREED JOURNAIS ) 

TOTAL (JOURNAIS SI NONJOURNAIS) 969 

TABLE 4. Total Alouette-ISIS Publ ica t ions  
(as  of Ju ly  1986) 

One l a s t  q u a n t i t a t i v e  assessment of the  Alouette-ISIS bibliography is  
presented by the  data shown i n  Figure 1. The abscissa is t i m e  shown as 
calendar  years f o r  the  per iod 1960 t o  1985, and the  ord ina te  is the  cumulative 
number of experiment-related articles published i n  re fereed  journals .  
Superimposed on Figure 1 are boxes t h a t  are r e l a t e d  only t o  the abscissa. The 
length  of each box shows the period of t i m e  dur ing which Alouette 1, Alouette 
2, ISIS 1, and ISIS 2 were operating. The ISIS 1 and ISIS 2 boxes were l e f t  
open to  show t h a t  both spacecraf t  were st i l l  opera t ing  as of January 1, 1985. 
Actually,  ISIS 1 and ISIS 2 were st i l l  opera t ing  a t  the  t i m e  of t h i s  wr i t i ng  
(May 1986). The a l t i t u d e s  ind ica ted  i n  the boxes f o r  Alouette 2 and ISIS 1 
are per igee and apogee, respec t ive ly .  Only one a l t i t u d e  is shown f o r  Alouette 
1 and ISIS 2 s ince  these spacecraf t  were i n  c i r c u l a r  orbits. The four 
spacecraf t  were i n  s i m i l a r  near-polar o r b i t s ;  t he re fo re ,  i n c l i n a t i o n  
information w a s  not  included i n  the time-span boxes. 

The top graph shows as a funct ion of t i m e  the cumulative t o t a l  number of 
Alouette-ISIS publ ica t ions  ( inc luding  those based upon Explorers 20 and 31 ) 
Separate  graphs are not  included for Explorers 20 and 31, s ince  these  
spacec ra f t  were r e l a t i v e l y  shor t - l ived  and the r e s u l t i n g  publ ica t ions ,  
although extremely important,  r ep resen t  a small percentage of the to ta l  
Alouette-ISIS publ ica t ions .  Since publ ica t ions  w e r e  o f t en  based upon more 
than one spacec ra f t ,  such publ ica t ions  are included i n  the cumulative totals 
f o r  each of the corresponding spacecraf t .  One could have a r b i t r a r i l y  'assigned 
such mult iple-spacecraf t  publ ica t ions  to  the la tes t  spacecraf t .  However, such 
an assignment would have been u n r e a l i s t i c ,  s ince  i n  many cases the  more 
important da ta  source w a s  an earlier spacecraf t .  In  the  case of Alouette 1, 
t w o  graphs are given, one showing the  number of publ ica t ions  based upon 
Alouet te  1 only and the other  showing the  total  number of publ ica t ions  r e l a t e d  
t o  Alouette 1 (i.e., Alouette 1 alone p lus  Alouette 1 combined with o ther  
spacec ra f t ) .  To avoid overcrowding Figure 1, t h i s  two-graph presenta t ion  w a s  
n o t  repeated f o r  Alouette 2, ISIS 1 and ISIS 2. For these later spacecraf t ,  
only the  total  number of r e l a t e d  publ ica t ions  has been shown. The graphs 
show t h a t  the  Alouette-ISIS program has continuously produced s c i e n t i f i c  
r e su l t s  f o r  a per iod of t i m e  w e l l  i n  excess of 20 years.  

9 
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FIGURE 1. Alouette-ISIS Journal  Publ ica t ions  

The t o t a l  Alouette-ISIS pub l i ca t ions  graph r evea l s  a very r ap id  increase  
i n  the number of publ ica t ions  t h a t  occurred i n  1969. This w a s  due mainly t o  
t h e  s p e c i a l  i s sue  of the  IZEE P r O C W d i n g s  (June 1969) t h a t  included 46 papers 
based upon Alouette 1, Alouette 2, Explorer 20, and Explorer 31. It is of 
i n t e r e s t  t o  note t h a t  about 40 papers based e i t h e r  p a r t l y  or e n t i r e l y  on 
Alouette 1 w e r e  published during the  per iod 1973 t o  1983, i.e., during the  10- 
year per iod following the termination of Alouette 1 operations.  Perhaps a 
proper environment f o r  continued Alouette 1 s t u d i e s  w a s  provided by the 
Alouette 2 and ISIS opera t ions ,  which extended w e l l  beyond the terminat ion of 
Alouette 1. Very l i t t l e  support  is now ava i l ab le  f o r  Alouette-ISIS s tud ie s ,  
and no s i g n i f i c a n t  f u r t h e r  increase  is expected i n  the  total  number of journa l  
publ ica t ions .  This number w a s  682 on January 1, 1985, the  cutoff  da te  f o r  
Figure 1. The period January 1985 t o  Ju ly  1986 yielded only seven add i t iona l  
journa l  publ ica t ions .  

In  view of the  very close monitoring of Alouette-ISIS publ ica t ions  t h a t  
has  been done by the  author s ince  the  beginning of the  Alouette-ISIS program, 
and consider ing the  very s m a l l  increase  i n  the number of publ ica t ions  during 
t h e  pas t  18 months, it is reasonable to conclude t h a t  the  present  document 
provides an Alouette-ISIS bibliography t h a t  w i l l  be e s s e n t i a l l y  complete fo r  
years  to  come. 
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1. 

111. THE ALOUETTE-ISIS PROGRAM 

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). 
cooperation were included in the Congressional Actt 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. 

Specific directives for such 

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, 19691, 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 l,tt 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. 

*The 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 w e l l  as a 
wealth of information concerning plasma and propagation effects. 

13 
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Explorer 3 1, ISIS 1, and ISIS 21, 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 
(19861, 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 bhe 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 Cornel1 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 1. 

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. 
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. 

NASA 
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The United Kingdom then expressed an interest in participating in the 
topside sounder program. Under an arrangement of March 1961, the United 
Kingdom 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 Australia; 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 111. 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. Regular 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. 
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. 
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. 
radio noise in the topside ionosphere at 3.8 MHz was constructed and installed 
in Transit 2A (Chapman and Molozzi, 19611, which was launched on June 22, 
1960. The measured value of the cosmic noise provided the required design 
information. 

In addition, the Working 

For example, it was evident 

A radiometer for measuring the intensity of 

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-quarters 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 Ftussell, 1962). The required engineering information 
was obtained and, in addition, important new phenomena were observed. The 
first of these rockets obtained evidence o€ 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 P r o f i l e s  

The broad objec t ives  of the  Alouette-ISIS program were to conduct a 
comprehensive synopt ic  study of the  topside ionosphere over a complete range 
of s o l a r  a c t i v i t y ,  and to provide the  bas i s  fo r  a t h e o r e t i c a l  understanding of 
t h e  observations.  The discussion of ob jec t ives  and mission p r o f i l e s  does not 
include d e t a i l e d  desc r ip t ions  of spacecraf t  and experiments. This information 
is given i n  Sect ion I V  of t he  AZouette-ISIS Program Summary. 
discussion is concerned pr imar i ly  with the  s c i e n t i f i c  purposes of the  various 
missions,  with the  various technological  problems encountered, and with the 
methods used to solve these problems. 

The present  

4.1 Alouette 1 (launched September 29, 1962) 

The primary purpose of the  Alouette 1 mission w a s  t o  i nves t iga t e  the 
geographic and d iurna l  p rope r t i e s  of the  topside ionosphere a t  a l t i t u d e s  up to  
1000 Ian. These cons idera t ions  led  to the choice of a c i r c u l a r  o r b i t  a t  1000 
krn with an i n c l i n a t i o n  of 80 deg prograde which provided a complete coverage 
of a l l  geomagnetic l a t i t u d e s ,  while making it s t i l l  poss ib l e  to achieve a 
d iu rna l  v a r i a t i o n  i n  a per iod of 3 months. Design parameters fo r  the sounder 
were based p a r t l y  upon e x i s t i n g  knowledge and p a r t l y  upon addi t iona l  space 
experiments conducted pr imar i ly  t o  supply the needed design data.  The maximum 
sounder frequency w a s  based upon the known m a x i m u m  d e n s i t i e s  to  be encountered 
a t  hmaxF2, while the minimum sweep frequency w a s  e s s e n t i a l l y  the  minimum 
gyrofrequency a t  1000 km. This made it t h e o r e t i c a l l y  possible to obtain 
echoes through the  total  a l t i t u d e  range on a t  least the  extraordinary mode. 
Secondary ob jec t ives  included cosmic noise measurements, VLF s tud ie s  and 
ene rge t i c  p a r t i c l e  i nves t iga t ions  ( e l ec t rons  i n  the  40 keV t o  3.9 MeV energy 
range; protons i n  the 0.5 t o  700 MeV energy range).  

S a t e l l i t e  technology w a s  s t i l l  i n  its infancy when the design of Alouette 
1 w a s  i n i t i a t e d  by the  Canadian Topside Sounder Group a t  DRTE, Ottawa. To 
optimize the chances of success,  undue complexity was avoided i n  the payload 
design, and redundancy of v i t a l  components w a s  stressed. Thus, da ta  s torage  
was not  provided i n  the spacecraf t ,  but spare  b a t t e r i e s  w e r e  included. The 
conservat ive approach used i n  the design led to the remarkable 10-year l i fe  of 
Alouette 1. One consequence of the decis ion not to have sa t e l l i t e -bo rne  data 
s to rage  was t h a t  provis ions had to be made f o r  a l a rge  network of te lemetry 
s t a t i o n s .  Operation of the  s a t e l l i t e  ( f o r  10-minute periods) w a s  i n i t i a t e d  by 
a command s i g n a l  from the ground, when the sa te l l i t e  came within the telemetry 
range of a ground s t a t i o n  and when the turn-on had been scheduled by the  
sa te l l i t e  con t ro l l e r .  The m a s t e r  ground s t a t i o n  w a s  a t  DRTE (now cRC*) , 
O t t a w a ,  and it w a s  t he re  t h a t  the  satel l i te  con t ro l l e r  monitored the  
engineer ing s t a t u s  of the spacecraf t  and prepared operat ing schedules. The 
O t t a w a  s t a t i o n  a l so  t ransmi t ted  the more complex commands such as those 
requi red  to  switch spare  b a t t e r i e s  or to select c e r t a i n  opera t ing  modes. 

*DRTE was t r ans fe r r ed  i n  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 4 5 . 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 r p m  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 1 

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-frequeqcy 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 w a s  launched i n t o  an o r b i t  similar to that of Alouette 1 and 
it has provided usefu l  da ta  fo r  the per iod August 1964 t o  January 1966. The 
f ixed-freq iency sounder has yielded da ta  on the f i n e  structure of ionospheric 
i r r e g u l a r i t i e s  and plasma resonances which are impossible to obtain with a 
swept-frequency sounder. The fixed-frequency sounder da ta  also could be used 
to  ca l cu la t e  the electron-densi ty  ( N )  as a funct ion of he igh t  (h) (Lawrence 
and Hallenbeck, 1965). The Alouette 1 ionograms, however, were p l e n t i f u l *  and 
much better s u i t e d  for N(h) ca lcu la t ions .  Consequently, t he  da ta  from the 
Explorer 20 sounder were used almost exc lus ive ly  t o  study small-scale 
ionospheric  i r r e g u l a r i t i e s  and the f i n e  s t r u c t u r e  of plasma resonances. 

The Explorer 20 spacec ra f t  a l so  included a sphe r i ca l  ion probe designed 
t o  measure ion concentrat ions and ion temperatures i n  the  immediate v i c i n i t y  
of the  s a t e l l i t e .  Experiments of t h i s  type t h a t  provide various parameters of 
t h e  ambient medium (such a s  dens i ty ,  temperature, and composition) by using 
sensors  a t  the  satel l i te  su r face  are known as d i r e c t  measurement experiments. 
These experiments r equ i r e  t h a t  l o c a l  dis turbances be minimized i n  the v i c i n i t y  
of the  sensors.  These dis turbances are due pr imar i ly  to  electrical p o t e n t i a l s  
on the  sur face  of the  spacecraf t .  Theore t ica l  considerat ions ind ica ted  that 
these  e f f e c t s  might be s u f f i c i e n t l y  minimized a t  the  sensor loca t ions  by the  
use of blocking capac i tors  a t  the antenna feed poin ts ,  which would isolate the  
VXB p o t e n t i a l s  induced on the l a rge  antennas. 

The sphe r i ca l  probe on Bcplorer 20 w a s  t he  f i r s t  at tempt to combine 
d i r e c t  measurements with topside soundings on a s a t e l l i t e .  Although 
ac-coupling w a s  used to connect the sounder antennas to the spacecraf t ,  t h i s  
proved to be inadequate and most of the  sphe r i ca l  probe da ta  were unusable. 
The topside sounder p r o j e c t ,  however, benef i ted  from this experience,  and 
sheath guards 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 w a s  t o  extend the scope of the 
Alouette 1 mission both i n  a l t i t u d e  coverage and i n  the  number of ionospheric  
parameters to  be inves t iga ted .  Secondary objec t ives  included c o s m i c  noise 
measurements, VLF s t u d i e s ,  and energe t ic  particle inves t iga t ions .  The new 
ionospheric  parameters t o  be measured included e l ec t ron  temperature, ion  
temperature,  and ion composition. These parameters are most r e a d i l y  obtained 
using direct  measurement techniques,  and a s u f f i c i e n t  number of these  
techniques were incorporated i n  the ISIS X mission to provide a t  least t w o  
independent measurements of each parameter. As explained earlier, a d i f f i c u l t  
spacecraft p o t e n t i a l  problem had to be overcome i n  order  to conduct successfu l  
d i r e c t  measurements on a sa te l l i t e  containing a tops ide  sounder. Although the  
blocking capac i tors  used on Explorer 20 between the spacec ra f t  and the 
antennas did not so lve  this problem, the  use of these  capacitors w a s  a s t e p  i n  
t h e  proper d i r ec t ion .  Additional precaut ions taken i n  the L5IS X design 
included the  use of sheath guards on the sounder antennas and the  use of 
i n s u l a t i o n  on the spacecraf t  skin of a l l  exposed metallic surfaces with 

' nonf loa t ing  p o t e n t i a l s  (such as the  solar cell  in te rconnec t ions) .  

*During the  f i r s t  3 years  i n  orbi t ,  Alouette 1 w a s  providing tops ide  ionograms 
a t  the  rate of 1100 ionograms per day. 
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Modifications also were made t o  the  antenna system i n  an attempt t o  
c o r r e c t  the  excessive spin rate decay experienced on Alouette 1. A t h e o r e t i c a l  
s tudy by Etkin and Hughes ( 1 9 6 7 )  ind ica ted  t h a t  t he  observed spin decay on 
Alouette 1 could be explained by taking i n t o  considerat ion the  f l e x i b i l i t y  of 
t h e  long antennas. When t h i s  w a s  done, add i t iona l  de-spin torques w e r e  
obtained from the  ac t ion  on the  antennas of ( 1 )  t h e  combination of the  thermal 
and pressure  f i e l d s  of t he  sun, and ( 2 )  the  combination of the  thermal f i e l d  
of the sun and atmospheric drag. The temperature d i f fe rence  between the  
s u n l i t  s ide  of the  antenna and the  shadow s i d e  causes d i f f e r e n t i a l  expansion 
and bending of the  antenna. A s  a r e s u l t ,  t he  center  of mass and the center  of 
pressure  - separa te ,  al lowing the  Alouette satel l i tes  t o  experience torques due 
t o  s o l a r  r ad ia t ion  pressure  and also due t o  atmospheric drag when b e l o w  1000 
km. To counteract  t he  so l a r  r ad ia t ion  de-spin torque on ISIS X, highly 
r e f l e c t i v e  end p l a t e s  w e r e  i n s t a l l e d  on the  ends of the  long antennas. The 
high r e f l e c t i v i t y  ensured t h a t  m o s t  of t he  inc ident  r ad ia t ion  w a s  r e f l e c t e d  
specular ly ,  r e s u l t i n g  i n  a ne t  spin-up torque on the  satel l i te .  

The ISIS X ob jec t ives  required t h a t  t he  sounder experiment be ex tens ive ly  
modified. Since the  sounder would operate  during a per iod of increas ing  solar 
a c t i v i t y ,  the  maximum dens i ty  i n  the  ionosphere would be g rea t e r  than f o r  
Alouette 1, and the  highest  frequency of the sounder had t o  be r a i sed  t o  13.5  
MHz. On the o ther  hand, t h e  much higher apogee planned for  ISIS X would br ing  
t h e  sounder i n t o  regions of much lower e l ec t ron  dens i ty  and magnetic f i e l d ,  
r equ i r ing  that  the lowest frequency of the  sounder be reduced from 0.5  t o  0.2 
MHz. The decis ion to  reduce the  lower frequency l i m i t  required i n  tu rn  t h a t  
the  length of the longer sounder antenna be increased f r o m  45.7  to 73.0  
meters. 

The ISIS X mission w a s  designed t o  test  the  spacecraf t  modif icat ions 
ou t l ined  above, while a t  the  same t i m e  ensuring t h a t  t h e  bas ic  s c i e n t i f i c  
ob jec t ives  would be m e t .  This w a s  accomplished by launching t w o  sa te l l i tes  
simultaneously i n t o  the  same orbi t  (3000 km apogee, 500 km per igee ,  80 deg 
i n c l i n a t i o n ) :  Alouette 2* ( a  modified vers ion of Alouette 1)  and Explorer 
31**  (Direct-Measurements Explorer A o r  M E A )  , a spacecraf t  of shape and s i z e  
known t o  be s u i t a b l e  f o r  local sensing of ionospheric parameters. For the  
s a f e  placement i n  o r b i t  and deployment of spacecraf t  appendages, t h e  t w o  ISIS 
X spacecraf t  had t o  be provided with a s m a l l  but s u f f i c i e n t  separa t ion  
ve loc i ty .  A separa t ion  ve loc i ty  of 8.75 km per day w a s  achieved, r e s u l t i n g  i n  
a period of about 4 months during which the  two spacecraf t  could perform 
e s s e n t i a l l y  simultaneous measurements. This "close proximity" per iod turned 
out  t o  be f i v e  t i m e s  longer than spec i f i ed .  One of t he  Explorer 3 1  
temperature probes w a s  dupl icated on Alouette 2, and comparison between the  
two i d e n t i c a l  experiments showed t h a t  t h e  Alouette 2 s t r u c t u r e  would be 
s a t i s f a c t o r y  f o r  d i r e c t  sensing experiments. 

*Alouette 2, l i k e  Alouette 1, w a s  designed and b u i l t  a t  DRTE, Ottawa. 
**Explorer 3 1  w a s  designed and bui l t  a t  t he  Applied Fhysics Laboratory (APL) , 

S i l v e r  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 3 1  was the APL station at Laurel, 
Maryland. The satellite controller at the A m  station monitored the 
operational status of Explorer 3 1  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 ISIS 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 (19641, 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 I. 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 ISIS 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  i n  the  event of a f a i l u r e  of t he  wide-band 136 MHz te lemetry link. 
Fina l ly ,  t o  operate  the  add i t iona l  experiments and spacecraf t  systems, the 
power system had t o  be g r e a t l y  enlarged. The number of solar cells (n-on-p 
type)  was increased from 6480 (Alouet tes  1 and 2 )  t o  11,000 (ISIS 1 ) .  It is 
seen from the  above discussion of t he  spacecraf t  experiments and systems t h a t  
t h e  ISIS 1 sa te l l i t e  w a s  much more complex than its predecessors.  The greater 
complexity also r e su l t ed  i n  a s i g n i f i c a n t  weight increase  from 145 kg 
(Alouet tes  1 and 2 )  t o  241 kg ( ISIS  1 ) .  

Another very important d i f f e rence  between ISIS 1 and the  Alouette 
s a t e l l i t e s  w a s  i n  t he  bas ic  approach used f o r  the  design and cons t ruc t ion  of 
t he  ISIS 1 spacecraf t .  With the  exception of the  sounder antennas which w e r e  
manufactured by de Havilland Ai rc ra f t  of Canada, Ltd. ,  and with the  exception 
of some standard components ava i l ab le  commercially, Alouet tes  1 and 2 were 
both completely designed and b u i l t  a t  DRTE, a labora tory  operated and s t a f f e d  
by the  Canadian government. The ISIS 1 spacec ra f t ,  on t h e  o ther  hand, w a s  
b u i l t  almost e n t i r e l y  by Canadian indus t ry  under con t r ac t  t o  DRTE. The p r i m e  
con t r ac to r  w a s  RCA Victor  (RCAV),  Ltd. ,  Montreal. SPAR Aerospace Ltd., 
Toronto, provided the  mechanical s t r u c t u r e  and the  sounder antennas. Thus, 
with the  ISIS mission, p r i v a t e  indus t ry  i n  Canada became a major p a r t i c i p a n t  
i n  the  Canadian space program. The o v e r a l l  management of t h e  ISIS 1 mission, 
however, remained a t  DRTE. A close cooperation e s t ab l i shed  between DRTE and 
RCAV ensured tha t  RCAV derived maximum bene f i t  from the  ex tens ive  experience 
with space technology ava i l ab le  a t  DRTE. 

ISIS 1 has  now (1986)  been opera t ing  f o r  over 17 years ,  and i ts  longevi ty  
has  exceeded the  lO-year records of Alouet tes  1 and 2. Because of i t s  long 
l i f e ,  ISIS 1 w a s  a l s o  able t o  provide data during the  1975-1976 sunspot 
minimum and to  p a r t i c i p a t e  i n  the  IMS program ( I n t e r n a t i o n a l  Magnetospheric 
Study, January 1, 1976, t o  December 3 1, 1979). The ISIS 1 sa te l l i t e  w a s  t he  
oldest of t he  27 I M S  sa te l l i tes .  

4.5 ISIS 2 (launched April 1, 1971) 

The o f f i c i a l  Canadianm . S. statement of the ISIS 2 mission w a s  as 
follows: "To i n j e c t  t he  spacecraf t  i n t o  a near c i r c u l a r  e a r t h  o r b i t  which 
w i l l  p e r m i t  t he  s tudy of the tops ide  of t he  ionosphere above the  e l ec t ron  peak 
of t he  F region. To continue and extend t h e  cooperat ive Canadian/U.S. program 
of ionospheric s t u d i e s  i n i t i a t e d  by Alouette 1 by combining sounder data with 
c o r r e l a t i v e  direct measurements f o r  a t i m e  s u f f i c i e n t  t o  cover l a t i t u d i n a l  and 
d iu rna l  v a r i a t i o n s  during a per iod of dec l in ing  s o l a r  ac t iv i ty . "  

An eccen t r i c  orbi t  such a s  the one se l ec t ed  f o r  ISIS 1 w a s  e x c e l l e n t  f o r  
t h e  exploratory purposes of the  ISIS 1 mission, but  it w a s  not w e l l  s u i t e d  f o r  
t h e  ISIS 2 mission which s t r e s s e d  the  study of l a t i t u d i n a l  e f f e c t s .  When 
d i r e c t  measurements w e r e  made on ISIS 1, it w a s  o f t e n  very d i f f i c u l t  t o  
separate l a t i t u d e  and a l t i t u d e  e f f e c t s .  The complete l a t i t u d i n a l  (pole-to- 
pole) v a r i a t i o n  of t h e  v e r t i c a l  e lectron-densi ty  d i s t r i b u t i o n  could not be 
s a t i s f a c t o r i l y  der ived from the  ISIS 1 sounder data .  A t  per igee,  t h e  sounder 
da t a  were very l imi t ed  i n  a l t i t u d e  range; and a t  apogee, they su f fe red  from 
poor reso lu t ion .  A c i r c u l a r  o r b i t  a t  1400 km, which avoids  these  problems, 
w a s  found best s u i t e d  f o r  t he  ISIS 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. 
atmospheric optical emissions at 6300, 5577, and 3914 A. The optical 
experiments also required a circular orbit and attitude control. 

The two new experiments were designed to study 

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 p o w e r  ( t w o  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 IO-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 s c i e n t i f i c  and technological  ob jec t ives  of the  Alouette-ISIS program 
were m e t  and exceeded i n  a l l  f i v e  missions. The technological  accomplishments 
include 

( 1 )  t he  f i r s t  launch of a NASA sa te l l i t e  from the  Western Test Range 

( 2 )  near-perfect o r b i t s  f o r  a l l  missions; 
( 3 )  near-perfect spacecraf t  performance f o r  a l l  missions; 
( 4 )  very high percentage (>go%) of successful  experiments; 
( 5 )  a major breakthrough i n  the  design of extremely long extendible  

( 6 )  p e r f e c t  deployment i n  o r b i t  of these  antennas; 
( 7 )  supe r io r i ty  of t h i s  new antenna design as evidenced by its adoption 

and extensive use i n  many o ther  space programs; 
(8 )  the  development of techniques t o  overcome the  very severe spacecraf t  

p o t e n t i a l  problem caused by extremely long spacecraf t  antennas; 
( 9 )  major progress  i n  the  understanding of long spacecraf t  antenna 

dynamics leading t o  the  invent ion of a passive spin-control  
technique ; 

( C a l i f o r n i a ) ;  

spacec ra f t  antennas; 

(10)  t he  first (and successfu l )  use of sounder techniques i n  a sa te l l i t e ;  
(11)  the  f i r s t  successful  combination of sounder and d i r e c t  measurement 

techniques,  two techniques formerly considered t o  be incompatible; 
( 1 2 )  the  ex t raord inary  longevity of Alouettes 1 and 2 (10  years  of 

opera t ion  each) and the  continued operat ion of ISIS 1 and 2 
i n  1986 a f t e r  17 and 15 years  i n  o r b i t ,  respec t ive ly ;  

s t i l l  a c t i v e  a f t e r  2 4  years .  
(13)  t he  ex t raord inary  longevity of the  Alouette-ISIS program, which i s  

6. Unique Aspects of t he  Alouette-ISIS Program 

For many reasons,  t he  Alouette-ISIS program is  probably the  most 
outs tanding of t he  i n t e r n a t i o n a l  programs of NASA. The e f f o r t s  of the 
unusually competent and dedicated m e m b e r s  of the Canadian team, toge ther  w i t h  
t h e  wholehearted support  of t h e i r  U.S. counterpar ts ,  l ed  to  Canada's 
spec tacular  en t ry  i n t o  the  space age w i t h  Alouette 1 on September 29, 1962. 
The Canadian space program has s ince  then maintained an unequaled record f o r  
overall. excel lence,  i n  both the  s c i e n t i f i c  and appl ica t ions  areas .  

The summary of technological  accomplishments given above did not take 
i n t o  cons idera t ion  the  i n t e r n a t i o n a l  aspec t  of the Alouette-ISIS program. 
This  aspec t  of t he  program a l s o  includes an impressive number of 
accomplishments. 

( 1 )  Alouet te  1 w a s  t h e  f i r s t  spacecraf t  completely designed and b u i l t  by 
a na t ion  o ther  than the  United S t a t e s  or the  Soviet  Union. 

( 2 )  The Canadian-built Alouette 1 w a s  as complex as any previously 
launched U.S.  or USSR satel l i te .  

( 3 )  The longevi ty  of Alouette 1 w a s  f a r  g rea t e r  than t h a t  of any 
previous ly  launched s a t e l l i t e .  
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( 4  ) Unt i l  t he  e a r l y  seven t i e s ,  Alouette 1 w a s  the satel l i te  t h a t  had led 
t o  the greatest number of s c i e n t i f i c  publ ica t ions .  A comparable 
pub l i ca t ion  record has been achieved more r ecen t ly  by very l a rge  
o r b i t i n g  observa tor ies  such as OGO 5. 

(5) The success  of Alouette 1 w a s  equaled, if not surpassed, by t h a t  of 
Alouet te  2, ISIS 1, and ISIS 2, t h e  o ther  Canadian-built sa te l l i tes  
of t h e  program. 

( 6 )  Since it is e s s e n t i a l l y  a s  o ld  as NASA i t s e l f ,  t h e  Alouette-ISIS 
program has l a s t e d  longer than ( o r  as long as) any o ther  NASA 
program. 

( 7 )  The program which s t a r t e d  as a j o i n t  e f f o r t  between Canada and the  
United S t a t e s  grew s t e a d i l y  t o  include a t o t a l  of 10 nat ions.  A l l  
p a r t i c i p a t i n g  na t ions  provided te lemetry s t a t i o n s ,  many of which were 
b u i l t  s p e c i a l l y  f o r  the  Alouette-ISIS program. The average length of 
t h i s  p a r t i c i p a t i o n  has been about 10 years.  

( 8 )  The program has l ed  t o  an ISIS te lemetry network ( d i s t i n c t  from 
NASA's te lemet ry  network), which a f t e r  1972 has met most of t he  
te lemet ry  requirements of t he  ISIS program. 

( 9 )  Fina l ly ,  t h e  program has had an outstanding record i n  making the  data  
a v a i l a b l e  t o  the  s c i e n t i f i c  community. The Alouette-ISIS program w a s  
the f i r s t  sa te l l i t e  program t o  make extensive and well-documented 
con t r ibu t ions  of data t o  the i n t e r n a t i o n a l  data  centers .  
Approximately 100 Alouette-ISIS da ta  sets (Jackson and Horowitz, 
1986) are ava i l ab le  a t  t he  National Space Science Data Center. The 
magnitude of these  data  holdings can be conveyed by poin t ing  out  t h a t  
t h e  one mi l l i on  Alouette 1 ionograms c o n s t i t u t e  only one data set. 
Because of i t s  very e a r l y  support  of da ta  center  a c t i v i t i e s ,  t h e  
Alouette-ISIS Working Group a l s o  helped t o  develop some of t he  
procedures and p o l i c i e s  f o r  submitt ing satel l i te  da ta  t o  the  da ta  
cen te r s .  Data from the  Alouette-ISIS program made ava i l ab le  i n  t h i s  
manner have been used by over 5 0  research groups and agencies.  

* 

* J. E. Jackson and R. N. Horowitz, '!Data Catalog Series f o r  Space 
Science and Applicat ions F l i g h t  Missions, Volume 3 B ,  Descript ions 
of Data Sets from Low- and Medium-Altitude S c i e n t i f i c  Spacecraf t  
and Inves t iga t ions ,"  NSSDC/WDC-A-R&S 86-0 1, 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 Is land  
Antofagasta,  Chile 
Sant iago,  Chile 
Ahmedabad, India  
Richland, Washington 

Boulder, Colorado 
B l o s s o m  Po in t ,  Maryland 
Bret igny,  France 
Byrd Sta. ,  Antarctica 
Johannesburg, S. Africa 

Brazzavi l le ,  Congo 
L a s  Palmas,  Canary Is. 
College,  Alaska 
Darwin, Aus t ra l ia  
Greenbelt ,  Maryland 

Fort Myers, F lor ida  
E a s t  Grand Forks, Minn. 
Guam 
Kauai, Hawaii 
Colomb Bechar, Algeria 

South m i n t ,  H a w a i i  
Kano, Nigeria  
Kourou, French Guyana 
Lauder, N e w  Zealand 
L i m a ,  & r u  

Merritt I s land ,  F lor ida  
S t .  Johns, Canada 
Ouagadougou, Upper W l t a  
Woomera, Australia 
m i n c e  Albert ,  Sask. 

Pretoria, S. Afr ica  
Quito,  Ecuador 
Chi l ton ,  England 
Resolute Bay, Canada 
Rosman, North Carolina 

Singapore 
Falkland Is lands  
Thumba, India  
Tromso , Norway 
Winkfield, England 

ACN 56 
AG 
AGO 08 
AME 57 
BAT 67 

BOUL 46 
BPT 01 
BRET 79 
BRDS 51 
BUR 16 

BZV 97 
CNA 93 
COL 13 
DAR 65 
ETC 24 

FTMY 03 
GRK 14 
GWM 23 
HAW 37 
HMG 74 

Hw 
KNO 53 
KRU 92 
LAU 60 
LIMA 06 

MIL 71  
NEWF 12 
ODG 96 
ow 18 
PA 

PTA 91 
Q U I  05 
RAL 15 
RES 43 
ROS 

SNPO 48 
SOLA 38 
THU 82 
TRM 69 
WNK 15 

345 
2 39 
289 
0 72 
240 

2 54 
282 
002 
240 
027 

0 15 
3 44 
2 12 
130 
2 83 

278 
262 
144 
2 00 
3 58 

204 
008 
307 
169 
282 

279 
307 
3 58 
136 
254 

028 
28 1 
3 58 
265 
277 

103 
302 
076 
0 18 
3 59 

4 1  
43 
19 
31 
24 

52 
30 
21  
30 
42 

15 
34 
09 
49 
09 

08 
59 
44 
20 
00 

18 
3 1  
92 
4 1  

50 

18 
16 
50 
52 
04 

22 
25 
4 1  
07 
07 

49 
10 
52 
56 
18 

-07 57 
-23 37 
-33 08 

23 01 
46 24 

40 05 
38 25 
48 36 

-80 00 
-25 52 

-04 11 
27 50 
64 52 

-12 28 
39 00 

26 32 
48 01  
13 18 
22 08 
30 49 

18 56 
11 58 
05 15 

-45 02 
-11 46 

28 30 
47 44 
12 41  

-31 23 
53 13 

-25 33 
-00 37 

51  34 
74 41  
35 12 

0 1  25 
-51 41  

08 32 
69  39 
51  26 

29 Sept 62 
J u l  63 

28 Aug 65 
13 Nov 73 

D e c  65 
29 Nov 65 
19 Jun 66 

Mar 65 
29 Nov 65 

19 Jun 66 
Nov 67 

29 Sept 65 
08 Ju l  72 

29 Sept 62 
29 Sept 62 
30 Jun 77 

Sept  75 
19 Jun 66 

07 Nov 62 
29 Sept 64  
03 Jan 72 
02 Nov 7 1  
29 Nov 65 

0 1  Aug 73 
29 Sept 62 
19 Jun 66 
29 Sept 62  
29 Sept 62  

06 Mar 70 
29 Sept 62  
08 Apr 8 1  
29 Sept 6 2  

29 Sept 62 
29 Sept 62 
04 Mar 72 
16 Aug 66 
29 Sept 62  

18 A p r  80 
J u l  63 

18 A p r  80 
M a r  8 1  

15 May 78 

31  Mar 72 
01  Sep 66 
16 Dec 72 
22 Feb 7 1  
3 1  O c t  75  

0 1  Jun 74 
3 1  Dec 75 
31  Oct 6 6  
30 Dec 74 
18 A p r  80 

09 J u l  72 
01 J u l  66 
18 A p r  80 
3 1  Dec 77 
0 1  J u l  66 

14 Jun 65 
18 Nov 66 

Nov 80 
28 Sep 80 
02 Aug 69 

31  Dec 77 
09 Mar 70 
3 1  Aug 76 

O c t  6 5  
Aug 63 

23 Feb 8 1  
18 A p r  80 
23 Dec 8 1  
14 Aug 79 

31  J u l  71  
31  Dec 72 

D e c  77 
Feb 77 

3 1  Mar 81 

GSFC 
GSFC 
GSFC 
PRL 
BATT 

NOAA 
GSFC 
CNES 
STAN 
GSFC 

CNES 
CNES 
GSFC 
IPSD 
GSFC 

GSFC 
GSFC 
GSFC 
GSFC 
CNES 

GSFC 
GSFC 
CNES 
DS I R  
GSFC 

GSFC 
GSFC 
CNES 
GSFC 
CRC 

CNES 
GSFC 
RAL 
CRC 
GSFC 

RSRS 
RSRS 
RRL 
NTNF 
GSFC 

* The information i n  Table 5 was provided by J. David R. Boulding, 

** The agency abbreviations are explained i n  a list following Table 6. 
Manager, Spacecraf t  Ground Control ,  CRC, Ottawa, Canada. 
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TABLE 6. DATA ACQUISITION STATIONS FOR ISIS SATELLITES AVAILABLE AS OF MARCH 1984* 

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

15 Jan 72 LGE -66 40 
KER 84 070 12 -49 21 26 Mar 77 CNES 

Terre Adelie, Antarctica ADL 35 140 01 
Kerguelen Is land 

O t t a w a ,  Canada OTT 50 284 07 45 21 29 Sept 62 CRC 
Orroral, Aus t ra l ia  ORR 21 148 57 -35 37 29 Nov 65 GSFC 

Ka shima , Japan KSH 70 140 39 35 57 15 Aug 66 RRL 

Sodankyla, Finland SOD 98 026 38 67 22 05 Dec 77 GEFSO 

Fairbanks, Alaska ULA 19 212 29 64 58 29 Nov 66 GSFC 
England UKZ 17 358 07 51 37 May 82 

Syowa, Antarctica SYO 80 039 35 -69 00 05 Apr 76 RRL 

* The information i n  Table 6 w a s  provided by J. David R. Boulding, 
Manager, Spacecraft  Ground Control, CRC, Ottawa, Canada. 
The agency abbreviat ions are explained below. * ** 

SPONSORING AGENCIES FOR CURRENT AND RETIRED STATIONS 

BATT - Battel le  I n s t i t u t e ,  USA 

CNES - Centre National d'Etudes Spat ia les ,  France 

CRC - Communications Research Centre, Canada 

DSIR 

GEFSO - Geophysical Observatory, Finland 

GSFC - Goddard Space Fl ight  Center, USA 

IPSD 

- Department of S c i e n t i f i c  and Indus t r i a l  Research, New Zealand 

- Ionospheric Predict ion Service Divis ion,  Aus t ra l ia  

LGE - Laboratoire de Geophysique Externe,  France 

N O M  - National Oceanic and Atmospheric Adminis t ra t ion,  USA 

NTNF - Council f o r  S c i e n t i f i c  and Indus t r i a l  Research, Norway 

PRL - Physical %search Laboratory, India 

RRL - Radio Research Laboratories, Japan 

RSRS - Radio Space Research S ta t ion ,  England 

STAN - Stanford University,  USA 

F!AL - Rutherford and Appleton Laboratory, England 
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SPACECRAFT COMMON NAME- ALOUETTE 1 
ALTERNATE Y A M I S -  1 9 6 2  BETA AL?qA l r  S 2 7  

ALOUETTE-A 0 0 4 2 4  
S 27A 

V S S D C  IO- 6 2 - 0 4 9 A  

LAUNCH DATE- 0 9 / 2 9 / 6 2  UEIGHT-  145.7 K G  
LAUNCH S I T E -  VANOENBERG AFBI U N I T E D  STATES 
LAUNCH V E H I C L E -  THOR 

SPONSORING COUNTRY/AGENCY 
CANADA ORB-DRTE 
UNITED STATES NASA-OSSA 

I N I T I A L  ORBIT PARAMETERS 
ORB I T  TYPE- GEOCENTRIC 
O R B I T  P E R I O D -  105.5 Y I N  
P E R I A P S I S -  996. KM ALT 

EPOCH DATE- 1 0 / 1 7 / 6 2  
I N C L I N A T I 3 V -  80.5 DES 
APOAPSIS-  1 0 3 2 .  K M  ALT 

PERSONNEL 
PM - J.E. JACKSON NASA-GS=C 
PM - R.K. BROUN(NLA)  ORB-DRTE 
PS - J.E. JACKSON NASA-GSFC 
PS - E.S. UARREN(OECEASE0) ORB-ORTE 

B R I E F  DESCRIPTION 
A l o u e t t e  1 u a s  a s m a l l  l o n o s p h e r l c  o b s e r v a t o r y  

I n s t r u m e n t e d  u l t h  a n  l o n o s p h e r l c  s o u n d e r ,  a VLF r e c e l v e r ,  a n  
e n e r g e t f c  P a r t i c l e  d e t e c t o r ,  a n d  a c o s m l c  n o i s e  e x i e r l n e n t .  
E x t e n d e d  f r o m  t h e  s a t e l l l t e  s h e l l  u e r e  t u o  d l p o l e  a n t e n n a s  
(45 .7-  a n d  22.8-m l o n g ,  r e s p e c t l v e l y )  u h l c h  u e r e  s h a r e d  b y  
t h r e e  O f  t h e  e x p e r l m e n t s  o n  t h e  s p a c e c r a f t .  The s a t e l l l t e  n a s  
s p i n - s t a b l l i z e d  a t  a b o J t  1.4 r a n  a f t e r  a n t ? i i a  e x t e i s l o n .  
A f t e r  a b o u t  5 0 0  d a y s ,  t h e  s p l n  s l o u e d  m o r e  t h a n  h a d  b e e n  
e x p e c t e d ,  t o  a b o u t  0.6 r p m  u h e n  s a t e l l l t e  s p l n - s t a b i l l z a t l o n  
f a l t e d .  I t  Is b e l l e v e d  t h a t  t h e  s a t e l l l t e  g r a d u a l l y  p r o g r e s s e d  
t o n a r d  a g r a v l t y  g r a d i e n t  s t a i l l l z a t i o n  u l t h  t h e  1 3 n g e r  a i t e n n a  
p o l n t l n g  e a r t h u a r d .  A t t l t u d e  I n f o r m a t i o n  u a s  d e d u c e d  o n l y  f r o m  
a s l n g l e  m a g n e t o m e t e r  a n d  t e m p e r a t u r e  m e a s u r e m e n t s  o n  t h e  u p p e r  
a n d  l o u e r  h e a t  s h l e l d s .  ( A t t l t d d e  d e t c r m l n a t l o n  c o u l d  h a v e  
b e e n  I n  e r r o r  b y  a s  m u c h  a s  1 0  deg.) T h e r e  w a s  n o  t a p e  
r e c o r d e r ,  so d a t a  u e r e  a v a l l a b l e  o n l y  f r o m  t h e  v i c l n i t y  o f  
t e l e m e t r y  s t a t l o n s .  T e l e m e t r y  s t a t l o n s  u e r e  l o c a t e d  t o  p r o v i d e  
o r l m a r y  d a t a  c o v e r a g e  i e a r  t h e  8 0  d e p  U n e r l d l a n  a n d  I n  a r e a s  
n e a r  H a u a l l r  Singapore, A u s t r a l l a r  E u r o p e ,  a n d  C e n t r a l  A f r l c a .  
I n l t l a l l y r  d a t a  u e r e  r e c o r d e d  f o r  a b o u t  6 h p e r  day.  I n  
S e p t e m b e r  1 9 7 2 ,  s p a c e c r a f t  o p e r a t l o n s  u e r e  t e r m l n a t e d .  

B IBLIOGRAPHY 
2 3 2 7  5 1  1 2 3  1 2 4  1 4 2  1 4 3  1 8 9  1 9 1  

1 9 4  1 9 5  2 4 1  2 2 6  2 3 2  2 5 3  2 7 1  300 3 0 8  3 0 9  
3 1 0  3 1 1  3 1 9  3 2 0  3 2 1  3 8 1  3 9 7  4 2 7  4 4 0  4 4 1  
4 4 2  4 7 2  5 2 4  5 2 5  5 6 6  5 8 3  5 8 4  5 8 5  5 8 6  5 8 7  
6 4 6  6 4 8  6 4 9  7 2 4  7 2 5  7 3 2  7 4 9  8 1 0  8 2 0  8 6 7  
8 7 0  9 0 2  9 0 3  9 0 4  9 0 5  9 0 6  9 0 7  9 0 8  9 2 9  9 3 8  

I N V E S T I G A T I O N  NAME- SWEEP-FREOUENCY SOUNDER 

NSSOC IO- 6 2 - 0 4 9 A - 0 1  I N V E S T I G A T I V E  PROGRAM 
CODE EEI SCIENCE 

I N V E S T I G A T I O N  O I S C I P L I N E ( S 1  
IONOSPHERES AND RADIO PHYSICS 

PERSONNEL 
P I  - E.S.  UARREN(DECEASEO1 
01 - J.H. UHITTEKER 
0 1  - J.E. JACKSON 
01  - L. COLIN 
01 - J.W. K I N G  
0 1  - R a i l .  KNECHT 
0 1  - G.L. NELMS 

D O C - C R C  
DOC-CRC 
NASA-GSFi  
NASA-ARC 
RUTHERFORD APPLETON L. 
NATL BUS5PU OF STD 
DOC-CRC 

B R I E F  D E S C R I P I I O N  
The o u r i o s e  o f  t h e  s u e e i  f r c s u e n c y  s a u n d e r  r las  t o  c i n d u c t  

s y n o p t l c  m e a s u r e m e n t s  o f  t h e  e l e c t r o n  d e n s l t y  d l s t r i b u t l o n  i n  
t h e  i o n o s p h e r e  a t  a l t l t u d e s  b e t u e e n  3 0 0  a n d  1 0 0 0  km. T h e  
l n s t r u m e n t a t l o n  c o n s i s t e d  o f  a r a d l o  t r a n s m i t t e r / r e c e l v e r  t h a t  
r e c o r d e d  t h e  t t m e  d e l a y  b e t * c e n  a t r a n s m i t t e d  a n d  r e t u r n e d  
r a d 1 0  p u l s e .  A c o n t l n u u m  o f  f r e q u e n c i e s  b c t u e e n  0.5 a n d  1 2  M H z  
u a s  s a m p l e d  o n c e  e v e r y  1 8  S.  S e v e r a l  d e l a y  t i m e s  w e r e  u s u a l l y  
o b s e r v e d  f o r  e a c h  f r e q u e n c y  d u e  t o  g r o u n d  r e f l e c t l o n s r  p l a s m a  
r e s o n a n c e s ,  b l r e f r l n g e n c e  o f  t h e  i o n o s p h e r e r  n o n v e r t l c a l  
p r o p a g a t l o n ,  e t c .  D e l a y  t l m e  u a s  p r i m a r l l y  a f u n c t l o n  o f  
d l s t a n c e  t r a v e r s e d  b y  t h e  s l g n a l ,  t h e  e l e c t r o n  d e n s l t y  a l o n g  
t h e  p r o p a g a t l o n  p a t h .  a n d  t h e  mode o f  p r o p a g a t i o n .  T h e  
s t a n d a r d  d a t a  f o r m  ,as an l o n o g r a n  ( g r a i h l  s h o u l n g  t i m e  
( v i r t u a l  d i s t a n c e  O f  s l g n a l  r e f l e c t l o n  f r o m  t h e  s a t e l l l t e )  v s  
r a d l o  f r e q u e n c y .  Two o t h e r  common f o r m s  o f  d a t a  u e r e  p r e p a r e d  
f r o m  t h e  i o n o g r a m s .  T h e y  * e r e  (1) d l g l t a l  f r e q u e n c y  d a t 3  
a n d / o r  v i r t u a l  h e l g h t  v a l u e s  o f  c h a r a c t e r l s t l c  l o n o s p h e r l c  
f e a t u r e s  a n d  ( 2 )  c o m p u t a t l o n s  o f  e l e c t r o n  d e n s i t y  p r o f i l e s .  
' e r f o r m a n c e  f a r  e x c e e d e d  e x p e c t a t l o n s  f o r  t h e  e x p e r l m e n t .  
[ n l t l a l l y ,  o b s e r v a t f o n s  u e r e  r e c o r d e d  f o r  a b o a t  6 h p e r  d a y .  
The e x p c r l m e n t  p r o v l d e d  d a t a  f o r  1 0  f u l l  y e a r s .  

B IBLIOGRAPHY 

ORIGINAL PAGE IS 
OF POOR QUALITY 

1 
2 6  
48 
7 9  
9 4  

1 2 6  
1 8 3  
1 9 7  
2 2 3  
2 4 3  
2 5 6  
2 7 6  
2 8 5  
303  
333  
3 7 2  
4 3 5  
4 6 2  
4 8 2  
4 9 2  
5 1 7  
5 4 1  
553  
6 3 5  
6 5 8  
6 8 8  
7 0 7  
7 4 2  
7 5 9  
8 1 2  
8 4 9  
8 6 2  
8 7 5  
8 9 3  
9 3 2  

- 

3 
2 9  
4 9  
8 0  
9 5  

1 2 7  
1 8 4  
2 0 2  
2 2 5  
2 4 4  
2 5 7  
2 7 7  
28 7 
3 0 4  
3 3  4 
3 7 7  
436 
4 6 3  
4 8 3  
4 9 3  
5 2 0  
5 4 3  
5 6 2  
636 
6 5 9  
6 9 3  
7 0 8  
74 3 
7 6 1  
8 1  3 
851  
8 6 3  
8 7 6  
8 9 9  
9 3 3  

- 

4 
3 0  
5 0  
8 1  

1 0 9  
1 3 5  
1 8 5  
20 3 
2 2 5  
2 4 5  
2 5 8  
2 7 8  
2 8 0  
3 0 5  
3 4 0  
3 9 6  
4 3 7  
4 7 3  
4 8 4  
4 9 4  
5 2  1 
5 4 4  
5 6 4  
6 3 8  
6 6 1  
6 9 4  
7 0 9  
7 4 4  
7 7 9  
8 1 7  
8 5 2  
8 6 7  
8 7 7  
9 0 0  
9 3 4  

- 

7 
4 1  
5 1  
0 2  

1 1 3  
1 4 4  
1 0 7  
2 0 4  
22 7 
2 4 6  
2 6 4  
2 7 9  
2 8 9  
306  
3 4 7  
3 9 8  
4 3 8  
4 7 4  
9 8 5  
4 9 5  
5 2 7  
5 4 6  
565 
6 4 0  
563 
6 9 5  
7 1 1  
7 4 5  
79  1 
8 2  0 
8 5  3 
8 6 8  
8 7 8  
9 1 2  
9 3 5  

- 

9 
4 2  
6 4  
8 3  

1 1 7  
1 6 1  
1 8 9  
2 0 8  
2 2 8  
2 4 7  
2 6 5  
2 8 0  
2 9 0  
3 1 6  
3 4 8  
4 0 0  
4 3 9  
4 7 6  
4 8 6  
4 9 6  
5 2 8  
5 4 7  
5 8 8  
6 4 1  
6 6 5  
6 9 6  
1 1 2  
7 4 6  
7 9 3  
8 2 7  
8 5 4  
8 6 9  
8 7 9  
9 1 3  
9 3 6  

11 
43 
6 7  
8 4  

1 1 9  
1 6 3  
1 9 0  
2 1 5  
2 2 9  
2 4 9  
2 6 6  
2 8 1  
2 9 1  
3 1 8  
3 5 1  
40 1 
4 4 2  
4 7 7  
4 8 7  
9 9 7  
5 2 9  
54  8 
5 9  6 
6 4 5  
6 6 7  
6 9  8 
7 1 3  
74 7 
7 9 4  
8 4 1  
8 5 5  
87  0 
8 8 0  
9 1 4  
94  1 

1 5  
9 4  
7 0  
8 5  

1 2 0  
1 6 6  
1 9 1  
2 1 7  
2 3 9  
2 5 0  
2 6 9  
2 8 2  
2 3 2  
3 2 2  
3 5 7  
4 1 8  
4 4 3  
4 7 8  
4 8 8  
4 9 9  
5 3 0  
5 4 9  
5 9 7  
6 5 4  
6 6 0  
7 0 0  
7 2 4  
7 5  0 
8 0 5  
8 4 2  
8 5  6 
8 7 1  
8 8 5  
9 2 4  
9 6 5  

- 

1 7  
45 
7 1  
8 6  

1 2 1  
1 6 7  
1 9 2  
2 1 8  
2 4 0  
2 5 2  
2 7 0  
2 8 3  
2 3 3  
3 2 7  
3 6 0  
4 2 7  
4 4 4  
4 7 9  
4 8 9  
5 0 0  
5 3 1  
5 5 0  
5 9 8  
655 
5 7 0  
7 0 1  
7 3 1  
7 5 1  
3 0 7  
8 4 4  
8 5 7  
8 7 2  
9 3 6  
9 2 5  
9 6 7  

1 8  
4 5  
7 6  
9 0  

1 2 2  
1 6 9  
1 9 3  
2 1 9  
2 4 1  
2 5 4  
2 7 4  
2 8 4  
2 9 4  
3 3 1  
3 6 1  
4 2 9  
4 5 9  
4 8 0  
4 9 0  
5 1 2  
5 3 5  
55 1 
5 9 9  
6 5 6  
5 7 7  
7 0 5  
7 3 2  
75  7 
0 0 9  
8 4 5  
8 5  8 
8 7 3  
8 8 8  
9 2 6  
9 6 8  

2 5  
47 
78  
9 1  

1 2 5  
1 7 2  
1 9 5  
2 2 2  
2 4 2  
2 5 5  
2 75  
2 8 5  
3 0 1  
3 32 
3 68 
4 3 0  
4 6 1  
4 8 1  
4 9 1  
5 1 5  
5 4 0  
5 5 2  
6 0 1  
6 57  
5 79 
7 06  
7 39  
7 5 8  
9 1 1  
8 48  
860  
8 74 
8 89 
9 2 7  

------- ALOUETTE 1, M C D I A R n I D - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A l I b N  NAME- ENERGETIC PARTICLES DETEEJORS 

N S S D C  I D -  6 2 - 0 4 9 1 - 0 2  I N V E S T I G A T I V E  PROGRAM 
CODE EEI SCIENCE 

I N V E S T I G A T I 3 V  D I S C I P L I N E ( S )  
PARTICLES AND F I E L D S  

PERS3NNEL 
P I  - 1.8. MCDIARMID NATL R E S  COUNC OF CAN 

B R I E F  DESCRIPTION 
T h l s  e x p e r i m e n t  c o n s l s t e d  o f  SIX d e t e c t o r s  u h o s e  

o b l e c t l v e s  u e r e  t o  d e t e r m i n e  t h e  i n t e n s l t y  s t r u c t u r e  o f  t h e  
l o u e r  p o r t l o n  o f  t h e  o u t e r  Van A l l e n  r a d l a t l o n  b e l t  a t  h l g h  
l a t l t u d e s  a n d  m e a s u r e  I n t e n s i t y  c h a n g e s  a s s o c l a t e d  u l t h  s o l a r  
a n d  g e o p h y s l c a l  p h e n o m e n a ,  p a r t l c u l a r l y  a u r o r a s .  T h e  f l r s t t  an 
A n t o n  3 0 2  G e l g e r  c o u n t e r ,  u a s  I n  a s h i e l d e d  p a r t  o f  t h e  p a c k a g e  
a n d  u a s  . u s e d  o n l y  f o r  o m n l d l r e c t i o n a l  m e a s u r e m e n t s  o f  p r o t o n s  
a n d  e l e c t r o n s  u l t h  e n e r g l e s  g r e a t e r  t h a n  3 3  a n d  2.8 MeV, 
r e s p e c t i v e l y .  An A n t o n  2 2 3  G e l g e r  c o u n t e r ,  u h l c h  p o l n t e d  1 0  
d e g  o f f  t h e  s p a c e c r a f t  s p i n  a x l s r  r e s p o n d e d  d i r e c t l o n a l l y  t o  
e l e c t r o n s  a n d  p r o t o n s  u l t h  e n e r g l e s  g r e a t e r  t h a n  4 0  a n d  5 0 0  
k e V t  r e s p e c t l v e l y .  A s e c o n d  A n t o n  2 2 3  G e l g e r  c o u n t e r ,  p o l n t e d  
P a r a l l e l  t o  t h e  s p a c e c r a f t  S p I n  axls a n d  c o u p l e d  t o  a m a g n e t l c  
b r o o m ,  r e s p o n d e d  d l r c c t l o n a l l y  t o  e l e c t r o n s  a n d  p r o t o n s  w l t h  
e n e r g l e s  g r e a t e r  t h a n  2 5 0  a n d  5 0 0  keV. O m n l d l r e c t i o n a l l y .  b o t h  
G e l g e r  c o u n t e r s  r e s p o n d e d  t o  e l e c t r o n s  a n d  p r o t o n s  u i t h  
e n e r g l e s  g r e a t e r  t h a n  2.8 a n d  3 3  MeV, r e s p e c t l v e l y .  T h e  f o u r t h  
d e t e c t o r ,  a s l l i c o n  J u n c t l o n t  u a s  c o l l i m a t e d  t o  l o o k  1 0  d e g  o f f  
t h e  s p i n  a x l s .  O l r e c t l o n a l l y r  i t  r e s p o n d e d  t o  p r o t o n s  and  
a l p h a  p a r t l c l e s  i n  t h e  e n e r g y  r a n g e s  1.3 t o  7 a n d  9.3 t o  2 8  
R C V I  r e s p e c t i v e l y .  O m n l  d i  r e c  t i  Ona l l y  9 t h e  S I  1 I c o n  j u n  C t  I o n  
r e s p o n d e d  t o  p r o t o n s  3n t h e  e n e r g y  r a n g e  55 t o  6 0  MeV. T h e  
l a s t  t u 0  d e t e c t o r s ,  a G e i g e r  t e l e s c o p e  c o n s i s t i n g  o f  t u 0  t r a y s  
o f  P h i l i p s  1 8 5 0 9  G e l g e r  c o u n t e r s  a n d  a p l a s t i c  s c i n t l l l a t o r  
l o c a t e d  b e t u e e n  t h e  t u 0  G e l g e r  c o u n t e r  t r a y s  o f  t h e  t e l e s c o p e .  
u e r e  p o i n t e d  p c r p e n d l c u l a r  t o  t h e  s p a c e c r a f t  s p i n  a x l s .  T h e s e  
d e t e c t o r s  h a d  o n l y  d i r e c t i o n a l  r e s p o n s e s  t o  p r o t o n s  a n d  a l p h a  
p a r t i c l e s  u l t h  e n e r g l e s  g r e a t e r  t h a n  1 0 0  a n d  4 0 0  MeV, 
r e s p e c t l v e l y .  T h l s  e x p e r l m e n t  p e r f o r m e d  u e l l  I n l t l a l l y  a n d  u a s  
t u r n e d  o f f  o n  J a n u a r y  29 ,  1 9 6 8 ,  t h o u g h  s t i l l  p e r f o r m i n g  
n o r m a l l y .  N o  a l p h a  p a r t l c l e  d a t a  u e r e  o b t a l n e d  f r o m  t h l s  
e x p e r l m e n t .  

E I EL I O G R  APH Y 
11 6 3  1 3 7  1 5 3  1 9 1  2 0 5  3 2 4  3 2 8  3 2 9  3 3 3  

3 7 2  3 7 9  3 0 3  4 4 2  4 5 6  4 5 7  458 4 6 0  5 3 9  6 0 5  
6 0 6  6 0 7  6 0 8  6 0 9  6 1 0  6 1 1  6 1 7  6 1 8  6 1 9  6 5 4  
7 3 2  7 8 2  8 8 3  

31 

PRECEDING PAGE BLANK NOT FILMED 



PERSONNEL 
P I  - J.S. BELROSE DOC-CRC 
0 1  - F.H. PALMER DEFENCE RESEARCH ESTAB 
01 - H.G. JAMES DOC-CRC 

B R I E F  DESCRIPTION 
The p u r p o s e  o f  t h e  VLF e x p e r i m e n t  w a s  t o  i - t u e s t l g a t e  t h e  

p r o p a g a t i o n  c h a r a c t e r i s t l c s  o f  n a t u r a l  a n d  manmade WLF s i g n a l s .  
T h l s  e x p e r i m e n t  was a u i d e b a n d  h i g h - g a i n  r e c e l v e r  d i t h  a 
o a s s b a n d  f r o m  0.4 t o  1 0  k 4 r  u s i n g  o n l y  t h e  l o i g e s t  (45.7 m )  
s o u n d e r  a n t e n n a .  T h e  r e c e i v e r  o u t p u t ,  w h i c h  s e n s e d  t h e  
e l e c t r i c  f i e l d  c o m p o n e n t  o f  t h e  s i g n a l  s t r e n g t h ,  was  m a i n t a i n e d  
c o n s t a n t  b y  means o f  a n  A G C  Loop. T h e  s t a n d a r d  VLF d a t a  f o r m  
u a s  a s o n o g r a m  ( g r a a h )  s h o , + i n g  s i g n a l s  3s a f J i c t i o n  o f  t l m e  
a n d  f r e q u e n c y .  U h i s t l e r s  a n d  r a d i o  n o i s e  o f  v a r i o u s  o r l g i n s  
w e r e  o b s e r v e d  i n  t h i s  r e g i o n  o f  r a d i o  f r e q u e n c i e s .  P e r f o r m a n c e  
h a d  b e e n  n o m i n a l  s i n c e  l a u n c h ,  e x c e a t  f o r  I n t e r f e r e n c e  f r o m  t h e  
s o u n d e r  u h l c h  h a d  n o t  p r e v e n t e d  o b s e r v a t i o n  o f  u s e f u l  d a t a .  
T h e  s o u n d e r  o p e r a t l o n  was mos t  f r e q u e n t ,  b u t  a s m a l l  p e r c e n t a g e  
o f  o b s e r v a t i o n s  w e r e  VLF O n l y  o r  b o t h  VLF a n d  s o u n d e r .  

B IBLIOGRAPHY 
11 60 6 1  6 2  63 65 6 9  7 0  7 1  8 9  

1 3 8  1 3 9  1 4 0  1 4 1  1 4 5  1 7 5  1 7 6  1 7 7  1 7 8  1 7 9  
1 9 1  1 9 3  2 2 6  3 2 5  3 4 1  3 4 2  3 4 4  3 4 5  3 4 6  4 4 2  
5 3 8  5 6 9  6 3 3  7 1 9  725  7 2 6  7 3 1  7 3 2  8 0 9  8 1 2  
8 1 8  8 5 0  

------- ALOUETTE 1, HARTZ--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- C O S M I C  R A D I O  NOISE 

NSSDC IO- 6 2 - 0 4 9 A - 0 4  I N V E S T I G A T I V E  PROGRPY 
CODE EE, SCIENCE 

I N V E S T I G A T I O N  D I S C I P L I N E 1 S )  
IONOSPHERES AND R A J I O  PHYSICS 
ASTRONOMY 

PERSONNEL 
P I  - 1 . R .  HARTZ1RETIRED)  D O C - C R C  

B R I E F  DESCRIPTION 
T h l s  e x 3 e r i m e n t  u t i l l z e d  t h e  i o n o s o n d e  r e c e i v e r  a u t o m a t i c  

g a l n  c o n t r o l  ( A G C )  v o l t a g e  t o  m e a s u r e  t h e  g a l a e t l c  and  s o l a r  
r a d l o  n o i s e  l e v e l s .  T h e  S w e e p - f r e q u e n c y  r e c e l v e r  c o v e r e d  t h e  
r a n g e  f r o m  0.5 t o  1 2  MHz i n  1 8  s,  b u t  b e l o u  5 MHL t h e  s y s t e m  
r e s p o n s e  d r o o p e d  o f f  r a o i d l y .  The r e c e l v e r  h a d  a n o i s e  f i g u r e  
o f  1 5  d B t  a b a n d u l d t h  o f  33 k H z r  a n d  a d y n a m i c  r a n g e  o f  50  dB. 
T h e  a n t e n n a s  w e r e  t w o  o r t h o g o n a l  d i p o l e s r  45.7 a n d  22.8 m l o n g ,  
l o c a t e d  o r t h o g o n a l  t o  t h e  S p a c e c r a f t  s p l n  a x i s .  T h e  e x p e r i m e n t  
f u n c t l o n e d  s a t i s f a c t o r i l y r  o r o u i d l n g  r e l a t i v e l y  g o o d  f r e a u e n c y  
r e s o l u t i o n  w i t h  r e l a t i v e l y  p o o r  f l u x  r e s o l u t l o n .  

B IBLIOGRAPHY 
11 6 7  1 3 4  1 9 1  2 2 6  3 2 6  3 6 8  3 6 9  3 7 0  3 7 1  

3 7 3  3 7 4  3 7 8  4 4 2  4 5 9  7 3 2  8 9 3  

SPACECRAFT COMMON NAME- I E - A  
ALTERNATE NAMES- EXPLORER 20, S 4 8  

TOPSXI 0 0 8 7 0  

c o v e r a g e  n e a r  8 0  d e g  W p l u s  a r e a s  n e a r  H a u a i i t  S i n g a p o r e .  
E n g l a n d ,  A u s t r a l l a r  and  A f r l c a .  D a t a  w e r e  r e c o r d e d  f o r  p e r i o d s  
o f  1 1 2  h t o  o v e r  4 h p e r  d a y  d e p e n d i n g  u p o n  a v a i l a b l e  p o w e r .  
E v e n  t h o u g h  t h e r e  w e r e  p r o b l e m s  w i t h  t e l e m e t r y  and  
I n t e r f e r e n c e ,  t h e  e x p e r i m e n t s  o p e r a t e d  s a t i s f a c t o r i l y  f o r  a b o u t  
16  m o n t h s .  A l a r g e  s p a c e c r a f t  p l a s m a  s h e a t h  p r e v e n t e d  t h e  i o n  
p r o b e  d a t a  f r o m  o e i n g  u s e f u l  i n  s p i t e  o f  a t t e m p t s  t o  
c o m p e n s a t e .  F o r  t h i s  s p a c e c r a f t ,  t h e  1 - y r  a u t o m a t i c  s a t e l l i t e  
t u r n o f f  was d l s c o n n e c t e d  j u s t  p r i o r  t o  l a u n c h .  The s a t e l l i t e  
r e s D o n s e s  t o  command s i g n a l s  w e r e  n o t  d e p e n d a b l e  a f t e r  3 e c e m b e r  
201 1 9 6 5 9  a n d  t h e  s a t e l l i t e  t r a n s m l t t e r r  w h i c h  was o f t e n  
s p u r l o u s l y  t u r n e d  o n r  d i d  n o t  r e s p o n d  t o  a t u r n o f f  command. 

31BLIOS9AP4Y 
5 1 7 1  2 0 1  2 7 1  3 6 2  4 2 8  4 4 0  4 4 1  4 4 2  5 1 1  

5 1 3  5 1 4  7 9 2  9 0 3  9 0 7  

I N V E S T I S A T I O N  NAVE- FIXED-FREPUEVCY IJYOSOYDI 

NSSDC ID- 6 4 - 0 5 1 A - 0 1  I N V E S T I G A T I V E  PROGRAM 
CODE EE/CO-OP, SCIENCE 

I V V C S T I G L T I J V  3 1 S f I ' L I Y f ( S )  
IONOSPHERES AN0 R A O I O  PHYSICS 

PERSONNEL 
P I  - R.U. KNECHT 
01  - W .  CALVERT 
01 - 1.E. VAN Z A N D T  
01 - R.B. NORTON 
0 1  - J.M. UASY3CK 

NATL BUREAU OF STD 
U OF I O U A  
NOAA-ERL 
NOAA-ERL 
\ O I L  

B R I E F  DESCRIPTION 
T h e  p u r p o s e  o f  t h e  f l x e d - f r e o u e n c y  i o n o s o n d e  was t o  

I n v e s t i g a t e  i o n o s p h e r i c  e l e c t r o n  d e n s i t y  i n  t h e  a l t l t u d e  r a n g e  
3 0 0  t o  1 0 0 0  km. The e x p e r i m e n t  was m o s t  u s e f u l  f o r  t h e  s t u d y  
o f  I r r e g u l a r i t i e s  i n  t h e  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  a n d  f o r  
t h e  i n v e s t i g a t i o n  o f  f i n e  s t r u c t u r e  i n  t h e  p l a s m a  r e s o n a n c e s .  
T h e  f i x e d - f r e a u e n c y  i o n o s o n d e  was a r a d i o  t r a n s m i t t e r - r e c e i v e r  
t h a t  r e c o r d e d  t h e  t i m e  d e l a y  b e t u e e n  a t r a n s m i t t e d  a n d  a 
r e t u r n e d  r a d l o  p u l s e .  S i x  s p e c i f l c  f r e q u e n c i e s  f r o m  1.5 t o  
7.22 Mnz w e r e  s a m p l e d  i n  s e q u e n c e  o n c e  e v e r y  0.105 s e c o n d .  
S e v e r a l  d e l a y  t i m e s  w e r e  o f t e n  o b s e r v e d  f o r  e a c h  f r e a u e n c y  due  
t o  p l a s m a  r e s o n a n c e s .  b l r r f r l n g e n c e  o f  t h e  i o n o s p h e r e .  
n o n v e r t l c a l  p r o p a g a t i o n ,  e t c .  D e l a y  t i m e  was p r i m a r i l y  a 
f u n c t i o n  o f  d i s t a n c e  t r a v e r s e d  b y  t h e  s i g n a l ?  e l e c t r o n  d e n s i t y  
a l o n g  t h e  s i g n a l  p a t h ,  a n d  t h e  mode o f  p r o p a g a t i o n .  A t o t a l  o f  
1 4 5 0  h o f  d a t a  was a c q u i r e d .  M o s t  o f  t h e s e  d a t a  n e r e  o f  
a d e q u a t e  q u a l i t y  t o  p r e p a r e  i o n o g r a m s .  S i n c e  o n l y  t i m e  1s  
n o t e d  o n  e a c h  l o n o p r a m ,  s a t e l l i t e  p o s i t i o n  a n d  o t h e r  r e l a t e d  
i n f o r m a t i o n  m u s t  b e  o b t a i n e d  f r o m  w o r l d  maps. 

B IBLIOGRAPHY 
1 1 9  1 5 9  1 6 0  1 6 1  1 6 3  1 6 8  1 5 3  1 7 0  1 7 1  1 7 3  
1 8 0  2 1 7  2 4 6  2 6 6  2 9 5  3 9 6  4 4 2  4 4 4  4 6 5  4 6 6  
4 8 0  4 9 8  5 1 1  5 1 3  5 1 4  5 3 3  535 5 5 4  563  5 9 6  
5 9 7  5 9 8  5 9 9  6 0 0  6 0 1  6 0 2  6 6 3  665  7 4 2  7 9 2  
8 1 2  8 6 6  8 7 3  8 9 6  8 9 7  9 2 2  

NSSOC IO- 6 4 - 0 5 1 A - 0 2  I N  VEST I G 4  T I  V E  PR 3 ; R P  Y NSSDC ID- 64-051A 
C O D E  EEICO-OPI SCIENCE 

LAUNCH DATE- 0 8 / 2 5 / 6 4  YEIGHT-  44. K G  
LAUNCH S I T E -  VANDENBERG AFBI UNITED STATES 
LAUNCH V E H I C L E -  SCOUT 

SPONSORING COUNTRYIAGENCY 
UNITED STATES NASA-OSSA 

ORBIT PARAMETERS 
O R B I T  TYPE- GEOCENTRIC EPOCH O A T _ -  1 2 / 1 2 / 6 5  
O R B I T  PERIOD- 104 .  M I N  I N C L I N A T I O N -  79.9 DEG 
P E R I A P S I S -  864.  KM ALT APOAPSIS-  1 0 2 5 .  K M  ALT 

PERSONNEL 
PM - J.E. J A C K S O N  NASA-GSFC 
PS - J.E. JACKSON NASA-GSFC 

B R I E F  D E S C R I P T I O N  
E x p l o r e r  2 0  w a s  d e s i g n e d  t o  m e a s u r e  e l e c t r o n  

d l s t r i b u t l o n t  i o n  d e n s i t y  a n d  t e m p e r a t u r e r  a n d  t o  e s t i m a t e  
c o s m i c  n o i s e  l e v e l s  b e t w e e n  2 a n d  7 MHz. T h e  s a t e l l i t e  was a 
s m a l l  I o n o s p h e r i c  o b s e r v a t o r y  I n s t r u m e n t e d  u l t h  a s i x - f r e q u e n c y  
l o n o s p h e r l c  s o u n d e r  a n d  a n  i o n  p r o b e .  A c o s m l c  n o i s e  
e x p e r l m e n t  u s e d  t h e  n o i s e  s l g n a l  f r o m  t h e  s o u n d e r  r e c e l v e r s .  
T h e  s a t e l l l t e  c o n s l s t e d  o f  a s h o r t  c y l i n d e r  t e r m i n a t e d  o n  
e i t h e r  e n d  b y  t r u n c a t e d  c o n e s .  The i o n  p r o b e ,  m o u n t e d  o n  a 
s h o r t  boom,  e x t e n d e d  f r o m  t h e  u p p e r  c o n e .  The s i x  s o u n d l n g  
a n t e n n a s  1 3  d i p o l e s )  e x t e n d e d  f r o m  t h e  s a t e l l i t ?  ? q u a t o r .  O n e  
p a i r  o f  18.28 m a n t e n n a s  f o r m e d  t h e  d i p o l e  u s e d  f o r  t h e  L O W  
f r e q u e n c i e s ,  a n d  t h e  o t h e r  t w o  d i p o l e s  c o n s i s t e d  o f  f o u r  9.14 ?I 

a n t e n n a s .  The s a t e l l l t e  was s p i n  stabilized a t  1.53 rpm j u s t  
a f t e r  a n t e n n a  e x t e n s l o n r  u l t h  t h e  s p i n  a x i s  I n i t i a l l y  v e r y  
c l o s e  t o  t h e  o r b i t  p l a n e .  A t  t h e  e n d  o f  1 y e a r ,  t h e  s p i n  h a d  
s l o w e d  t o  0.45 rpm. S i n c e  t h e r e  was n o  t a p e  r e c o r d e r ,  d a t a  
m e r e  r e c e i v e d  o n l y  i n  .the v i c i n i t y  o f  t e l e m e t r y  s t a t i o n s .  
T e l e m e t r y  s t a t l o n s  w e r e  l o c a t e d  t o  p r o v i d e  o r l m a r y  d a t a  

3 2  

I V V E S T I S P T 1 3 V  O I S f I J L I Y E 1 S )  
IONOSPHERES 
AERONOMY 

PERSJUNEL 
P I  - R.L.F.BDYD1RETIRED) U COLLEGE LONDON 
01 - A.P. UILLMORE U OF BIRMINGHAM 

BR I E F  DES CRIPT I O U  
T h e  i o n  p r o b e  o n  E x p l o r e r  2 0  u a s  a s p h e r i c a l  r e t a r d i n  

p o t e n t l a l  i n s t r u m e n t  f r o m  w h i c h  i o n  mass  s p e c t r a  a n d  i o  
t e m p e r a t u r e s  c o u l d  b e  d e t e r m l n e d .  I t  c o n s i s t e d  o f  a s p h e r l c a  
i n n e r  e l e c t r o d e ,  9 cm i n  d i a m ,  s u r r o u n d e d  b y  a S p h e r i c a l  
g r i d d e d  (0.5 m m  h o l e s ) ,  n i c k e l  f o i l  c o v e r i n g r  1 0  cm i n  d l a m  an 
0.1 m m  t h l c k .  A n e g a t i v e  c h a r g e  was m a i n t a i n e d  i n  t h e  g r i d  t 
r e m o v e  e l e c t r o n  e f f e c t s .  T h e  more  m a s s l v e  i o n s  p a s s e d  t h r o u g  
t h e  g r i d  t o  f o r m  a n  i o n  c u r r e n t  d e p e n d e n t  u p o n  t h e  v o l t a g  
c o n d i t i o n  o f  t h e  i n n e r  e l e c t r o d e .  A s l o w - s w e e p i n g  s a u t o o t  
p o t e n t l a l  f r o m  a b o u t  - 2  t o  + 1 0  v o l t s  ( w i t h  t w o  l o w - v o l t a g e  
0.5- a n d  3 . 2 - k H r  s i n e u a v e  f o r m s  i m o r e s s e d  u p o n  i t )  p r o v i d e d  
p r o f i l e  o f  v o l t a g e  v e r s u s  i o n  c u r r e n t .  T h e  c h a n g e  i n  s l o p e  o 
t h e  v o l t a g e  v e r s u s  i o n  c u r r e n t  D r o f l l e ,  g i v e s  t h e  e n e r q  
d i s t r i b u t i o n  p r o f i l e .  u h i c h t  f o r  t h e r m a l  i o n s .  i s  a f u n c t i o n  0 
i o n  mass  a n d  s a t e l l i t e  v e l o c i t y .  T h e r m a l  i o n  v e l o c l t l e  
b r o a d e n  t h e  m a s s  p e a k s  s o m e w h a t  a n d  t h e r e b y  d e g r a d e  mas 
r e s o l u t l o n  s l i g h t l y .  b u t  t h i s  b r o a d e n i n g  e f f e c t  w a s  u s e d  t 
d e t e r m i n e  t h e  i o n  t e n o e r a t u r e .  A n a l y s i s  o f  c u r r e n t  v a r i a t i o r  
r e s u l t i n g  f r o m  t h e  t u 0  s i n e u a v e  f o r m s  o n  t h e  s w e e p  v o l t a g a  
p r o v i d e d  t h e  r e q u i r e d  s l o p e  c h a n g e  d a t a  f o r  a n a l y s i s  o f  t t  
p r o f i l e s .  The p r o b e  u a s  m o u n t e d  a t  t h e  p o s i t i v e  e n d  o f  t t  
s p i n  1 2 )  a x l s  o n  a s h o r t  t u b u l a r  s u p p o r t .  W l t h  t h e  n o m i n i  
s p i n  a x l s r  p e r p e n d i c u l a r  t o  t h e  o r b i t  p l a n e r  t h i s  a r r a n g e m e r  
e l l m l n a t e d  s p i n  m o d u l a t l o n  o f  t h e  o b s e r v a t i o n s .  A l t h o u g h  t h '  
e x o e r i m e n t  f u n c t i o n e d  p r o p e r l y r  t h e  o c c u r r e n c e  o f  a t a r !  

ORIGINAL PAGE IS 
OF POOR QUALITY 



o l a s m a  s h e a t h  a o o u t  t h e  s o a c e c r a f t r  a r e v e n t e d  r c q u i s i t i a n  o f  
s c i e n t i f i c a l l y  u s e f u l  d a t a .  

B I 3 L I O t R A P H Y  
9 5  0 

C e n t r a l  A f r i c a  I n i t i a l l y  d a t a  w e r e  r e c o r d e d  3 b o u t  8 h D e r  
day .  D e g r a d a t i o n  o f  t h e  p o w e r  s u p p l y  s y s t e m  h a d ,  b y  J u n e  1 9 7 5 ,  
r e d u c e d  t h e  o p e r a t i n g  t i m e  t o  a b o u t  1 / 2  h p e r  d a y .  R o u t i n e  
o p e r a t i o n s  w e r e  t e r m i n a t e d  i n  J u l y  1 9 7 5 .  The s a a c e c r a f t  was 
s u c c e s s f u l l y  r e a c t i v a t e d  o n  N o v e m b e r  2 8  a n d  299 1 9 7 5 ,  i n  o r d e r  
t o  o b t a i n  d a t a  o n  i t s  1 0 t h  a n n n i v e r s a r y .  

B IBLIOGRAPHY 

------- I E - A ,  STONE- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- COSMIC NOISE 

NSSOC I O -  6 4 - 0 5 1 1 - 0 3  I N V E S T I G A T I V E  PROGRAM 
CODE €€/CO-OP*  SCIENCE 

I N V E S T I G A T I O N  D I S C I P L I N E ( S )  
IOUOSPHERES AND R A J I O  PHYSICS 
ASTRONOMY 

PERSONNEL 
P I  - R.G. STONE NASA-GS': 

B R I E F  DESCRIPTION 
The c o s m i c  n o i s e  e x p e r i m e n t  u t i l i z e d  t h e  n o i s e  s i g n a l  

f r o m  t h e  s o u n d e r  r e c e i v e r  t o  i n v e s t i g a t e  c o s n i c  n o i s e  i n  t h e  
1.5- t O  7.2-MHz f r e q u e n c y  r a n g e .  T h e  m e a s u r e m e n t s  w e r e  i n  
r o u g h  . a g r e e m e n t  u i t h  p r e v i o u s  o b s e r v a t i o n s  o f  c o s m i c  n o i s e .  
The r e c e i v e r  c a l i b r a t i o n t  h o d e v e r t  was n o t  s u f f i c i e n t l y  
a c c u r a t e  t o  y l e l d  new s c i e n t i f i c  r e s u l t s .  

B I3L IOSRAPHY 
NO REFERENCES 

SPACECRAFT COMMON NAME- ALOUETTE 2 
ALTERNATE NAMES- ALOUETTE-BI S 2 7 8  

I S I S - X I  0 1 8 0 4  

NSSDC 13- 6 5 - 0 9 8 1  

LAUNCH DATE-  1 1 / 2 9 / 6 5  WEIGHT- 1 4 6 .  KG 
LAUNCH S I T E -  VANDENBERG AFBI U N I T E D  STATES 
LAUNCH V E H I C L E -  THOR 

SPONSORING COUNTRY/AGENCY 
CANADA O R B - D R T E  
U N I T E  0 STATES NASA-OSSA 

I N I T I A L  O R B I T  PARAMETERS 
ORBIT TYPE- GEOCENTRIC 
O R B I T  PERIOD- 121.4 M I N  
P E R I A P S I S -  505.  KM ALT 

EPOCH DATE- 1 1 / 3 0 / 6 5  
I N C L I N A T I O N -  79.8 DEG 
APOAPSIS-  2987.  < H  ALT 

PERSONNEL 
PM - E.D. NELSEN(NLA)  NASA-GSFC 
PM - C.D. FLORIDA(0ECEASED)  D R B - D R T E  
PS - I. PAGHISCRETIRED)  DRB-DRTE 
PS - J.E. JACKSON NASA-GSFC 

2 7  96 1 2 4  1 9 6  2 7 1  308  S O 9  3 1 0  3 1 1  320 
3 2 1  3 8 1  4 4 2  4 7 2  5 8 6  6 1 0  8 1 2  9 0 2  9 0 3  9 0 4  
9 0 5  9 0 6  9 0 7  9 0 8  9 2 3  

I N V E S T I G A T I O N  NAME- SUEEP-FREPUENCY SOUNDER 

NSSDC ID- 6 5 - 0 9 8 A - 0 1  I N V E S T I G A T I V E  PROGRAM 
CODE EEI SCIENCE 

PERSOVNEL 
P I  - E.S. 
01 - J.H. 
0 1  - J.E. 
0 1  - J.U. 
01  - L. 
OX - J. 
01 - c. 
01 - 0. 
01 - G.L. 
0 1  - Y. 
0 1  - R .  
0 1  - G.E.K 

UARREN(0ECEASED) 
UHITTEKER 
JACKSON 
K I N G  
C O L I N  
TURNER 
T A I E B  
HOLT 
NELMS 
OGATA 
RAS'l4VASAO 

.LOCKWOOD 

DOC-CRC 
DOC-CRC 
NASA- GSFC 
QUT4CSr3R3 APPLETON L. 
NASA -ARC 
IONOSPHERIC PRED SERV 
:NET 
AURORAL 08s  
DOC-CRC 
RADIO RESEARCH L A B  
P H Y S I Z A L  RESEARCH L A B  
DOC-CRC 

B R I E F  DESCRIPTION 
T h e  D u r p o s e  o f  t h e  s w e e p - f r e q u e n c y  s o u n d e r  e x p e r i m e n t  was 

t o  e x t e n d  t h e  A l o u e t t e  1 m e a s u r e m e n t s  t o  h i g h e r  a l t i t u d e s  (SO00 
k m )  a n d  t o  a d i f f e r e n t  p e r i o d  o f  t h e  s o l a r  c y c l e .  The  A l o u e t t e  
2 s o u n d e r  was a l s o  d e s i g n e d  t o  p r o v i d e  g r e a t l y  i m p r o v e d  
o b s e r v a t i o n s  o f  p l a s m a  r e s o n a n c e s .  The s w e e p - f r e q u e n c y  
i o n o s o n d e  was a r a d i o  t r a n s m l t t e r / r e c e l v e r  t h a t  r e c o r d e d  t h e  
t i m e  d e l a y  b e t w e e n  a t r a n s m i t t e d  a n d  r e t u r n e d  r a d i o  f r e q u e n c y  
p u l s e .  A c o n t i n u u m  o f  f r e q u e n c i e s  b e t w e e n  0.12 a n d  14.5 MHZ 
u e r e  s a m p l e d  o n c e  ? v e r y  3 2  S .  A m u l t + p l l c i t y  o f  d e l a y  t i m e s  
was u s u a l l y  o b s e r v e d  d u e  t o  b i r e f r i n g e n c e  o f  t h e  i o n o s p h e r e ,  
n o n v e r t i c a l  p r o p a g a t i o n ,  g r o u n d  e c h o e s ,  p l a s m a  r e s o n a n c e s r  e t c .  
D e l a y  t i m e  was p r i n a r i l y  a f u n c t i o n  o f  d i s t a n c e  t r a v e r s e d  b y  
t h e  s i g n a l r  e l e c t r o n  d e n s i t y  a l o n g  t h e  p r o p a g a t i o n  p a t h .  and 
mode o f  p r o p a g a t i o n .  The s t a n d a r d  d a t a  f o r m  i s  a n  i o n o g r a m  
i g r a p h )  s h o w i n g  d e l a y  t i m e  i v i r t u a l  d i s t a n c e  o f  s i g n a l  
r e f l e c t i o n  f r o m  t h e  s a t e l l i t e )  v e r s u s  f r e q u e n c y .  T W O  o t h e r  
common f o r m s  o f  d a t a  w e r e  p r e p a r e d  f r o m  t h e  i o n o g r a m s .  T h e y  
a r e  d i g i t a l  f r e q u e n c y  a n d / o r  v i r t u a l  h e i g h t  v a l u e s  o f  
c h a r a c t e r i s t i c  l o n o s p h e r i c  f e a t u r e s  a n d  c o m p u t a t i o n s  o f  
e l e c t r o n  d e n s i t y  D r o f i l e s .  

B IBLIOGRAPHY 
6 8 1 0  1 2  1 3  1 4  2 8  4 9  5 2  5 7  

5 8  5 9  6 6  6 7  7 4  7 5  7 5  3 0  9 2  9 3  
9 4  9 5  9 6  9 7  9 9  1 0 0  1 0 4  1 0 7  1 0 8  1 0 9  

1 1 7  1 1 8  1 2 2  1 2 7  1 6 1  1 6 2  1 6 3  1 6 9  1 7 0  184 
1 8 6  1 9 3  1 9 7  1 9 9  2 0 0  2 0 7  2 1 6  2 1 7  2 1 8  2 1 9  
2 2 0  2 2 1  2 3 5  2 3 7  2 3 9  2 4 0  2 4 5  2 5 0  2 5 9  2 6 0  
2 6 1  2 5 6  2 9 6  2 9 7  3 0 5  3 0 6  3 0 7  3 1 6  3 1 7  318 
3 2 2  3 2 3  
3 6 0  3 6 1  
4 1 2  4 1 3  
4 4 4  4 5 9  
5 4 5  5 4 6  
5 3 6  5 9 7  
6 6 5  6 6 6  
7 0 2  7 0 3  
7 3 0  7 3 5  
7 7 1  7 7 2  
8 4 1  8 6 2  
9 3 0  9 3 7  

3 2  7 
3 6 5  
4 1 6  
462 
5 4 7  
59 B 
6 6 8  
7 0 4  
7 3 6  
7 7 3  
8 6 4  
9 4 5  

3 3 5  
3 7 7  
4 2 9  
4 6 7  
5 7 0  
5 0 1  
6 7 1  
7 0 6  
73  8 
7 8 0  
8 6 6  
9 6 2  

336 
3 8 0  
4 3 0  
4 7 9  
5 7 2  
6 0 3  
5 7 2  
7 0 7  
7 5 1  
7 8 1  
8 7 3  
9 6 8  

3 4 9  
3 8 4  
4 3 6  
4 8 0  
5 8 9  
659 
6 7 3  
7 1  0 
7 6 6  
8 0 5  
8 8 4  

3 5  0 
3 9 8  
4 3 7  
5 0 3  
5 9 0  
6 6 0  
6 9 1  
7 1 7  
7 6 7  
8 1 3  
9 0 0  

3 5 1  
3 9 9  
438 
5 1 7  
591  
5 5 1  
6 9 7  
7 2 7  
7 6 8  
9 1 5  
9 1 7  

3 5 7  358 
4 0 4  4 0 9  
4 3 9  4 4 2  
5 2 9  5 4 1  
5 9 2  5 9 3  
5 6 3  6 6 q  
6 9 8  6 9 9  
7 2 8  7 2 9  
7 6 9  7 7 0  
9 1 5  9 4 3  
9 2 2  9 2 8  

P I  - J.S. BELROSE 
01 - F.H. PALMER 
OX - H.G. JAMES 

30C-:RC 
DEFENCE RESEARCH ESTAB 
D O C - C R C  

B R I E F  D E S C R I P T I O \  
T h e  p u r D o s e  o f  t h e  VLF  e x p e r i m e n t  was t o  I n v e s t i g a t e  t h e  

V L F  r a d i o  s p e c t r u m  f o r  w h i s t l e r s ,  c h o r u s ,  h i s s ,  a n d  r e s o n a n c e  
e f f e c t s .  The WLF e x p e r i m e n t  was a w i d e b a n d  h i g h - g a i n  r e c e i v e r  
w i t h  a P a s s b a n d  f r o m  0.05 t o  3 0  k d z  t h a t  u s e d  t h e  l o n g  s o u n d e r  
a n t e n n a .  T h e  i n s t r u m e n t  was a c o n s i d e r a b l y  i m p r o v e d  v e r s i o n  o f  
t h e  A l o u e t t e  1 r e c e i v e r .  The s t a n d a r d  V L F  d a t a  f o r m  mas a 
s o n o g r a m  ( g r a p h )  t h a t  s h o w e d  s i g n a l  as  a f u n c t i o n  o f  t i m e  a n d  
f r e q u e n c y .  U h l s t l e r s r  l o n o s p h e r i c  n o i s e ,  VLF  n o l s e r  e t c .  w e r e  
o b s e r v e d  i n  t h i s  v e r y  l o w  r e g i o n  o f  t h e  r a d i o  f r e q u e n c y  
s p e c t r u m .  

B I B L I O G R A P H Y  
2 2  5 9  6 0  6 1  6 2  6 5  6 8  7 2  7 3  1 7 5  

1 7 9  1 9 3  1 9 8  2 3 3  3 7 5  3 8 2  4 1 4  4 1 5  4 2 1  4 4 2  
538 555  569 5 7 0  6 3 4  639 7 1 5  7 1 7  8 0 9  

I N V E S T I G A T I O N  O I S C I P L I N E C S )  
IONOSPHERES AND R A D I O  PHYSICS 



PERSONNEL 
P I  - T.R. H A R T Z ( R E T I R E 0 )  D O C - C R C  

B R I E F  OESCRIPTION 
T h i s  e x p e r i n e n t  u s e d  t h e  i o n o s o n d e  r e c e i v e r  a u t o m a t i c  

g a l n  c o n t r o l  ( A G C )  v o l t a g e  t o  m e a s u r e  b a c k g r o u n d  r a d i o  n o i s e  
f r o m  t h e  i o n o s p h e r e ,  g a l a x y ,  a n d  s u n .  T h e  a n t e n n a s  u e r f .  
d i p o l e s  2 3  a n d  73 m l o n g .  T h e  r e c e i v e r  s u e p t  t h e  r a n g e  0.1 t o  
1 5  MHz e v e r y  32 s. T h e  r e c e i v e r  b a n d N i d t h  u a s  4 0  k H z r  a i d  t h e  
d y n a m i c  r a n g e  u a s  8 0  dB. T h e  r e c e i v e r  s e n s i t i v i t y  p e r m i t t e d  
g a l a c t i c  r a d i o  e m i s s i o n  o b s e r v a t i o n s  a t  f r e q u e n c i e s  g r e a t e r  
t h a n  0.6 MHz. T h e  e x p e r i m e n t  f u n c t i o n e d  s a t i s f a c t o r i l y ,  
o r o v i d i n g  g o o d  f r e q u e n c y  r e s o l u t l o n  d i t h  r e l a t l r e l y  D o o r  f l u x  
r e s o l u t i o n .  

B IBLIOGRAPHY 
6 7  73 175 3 2 6  359 3 5 9  3 1 3  3 7 4  375  3 7 6  

380 6 9 9  

_-___-_ ALOUETTE 2 ,  MCDIARMIO-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- ENERGETIC PARTICLE DETECTORS 

NSSOC I O -  6 5 - 0 9 8 A - 0 4  I N V E S T I G A T I V E  PROGRAM 
CODE EEI SCIENCE 

I N V E S T I G A T I O N  O I S C I P L I N E ( S )  
PARTICLES AN0 F I E L J S  

PERSONNEL 
P I  - 1.6. M C O I A R M I O  NATL RES COUNC OF CAN 

B R I E F  OESCRIPTION 
T h e  p u r p o s e  o f  t h e  e n e r g e t i c  p a r t l c l e  e x p e r i m e n t  was t o  

i n v e s t i g a t e  t h e  Wan A l l e n  r a d i a t i o n  b e l t  a t  h i g h  l a t i t u d e s .  
The A l o u e t t e  2 e n e r g e t i c  o a r t l c l e  experiment was  c o m p o s e d  of 
s e v e n  d e t e c t o r s .  F o u r  o f  t h e s e  m e r e  G e i g e r - M u e l l e r  ( G M )  t u b e s .  
T h e  f i r s t  r e s p o n d e d  t o  e l e c t r o n s  g r e a t e r  t h a n  3.9 MeV a n d  
p r o t o n s  g r e a t e r  t h a n  4 0  MeV. T h e  s e c o n d  h a d  a m a g n e t i c  b r o o m  
a n d  r e s p o n d e d  t o  e l e c t r o n s  g r e a t e r  t h a n  2 5 0  keV a n d  p r o t o n s  
g r e a t e r  t h a n  5 0 0  keV. T h e  t h i r d  r e s p o n d e d  t o  e l e c t r o n s  g r e a t e r  
t h a n  4 0  keV a n d  p r o t o n s  g r e a t e r  t h a n  5 0 0  keV. T h e s e  t h r e e  G M  
t u b e s  u e r e  p e r p e n d i c u l a r  t o  t h e  s p i n  a x i s .  The f o u r t h  GM t u b e  
was 1 0  d e g  f r o m  t h e  s p i n  a x i s  a n d  r e s p o n d e d  t o  e l e c t r o n s  
g r e a t e r  t h a n  4 0  k e V  a n d  P r o t o n s  g r e a t e r  t h a n  5 0 0  keV. T h e  
f i f t h  d e t e c t o r  uas a s 1 l i c o n  j u n c t i o n  t h a t  d e t e c t e d  p r o t o n s  a n d  
a l p h a  p a r t i c l e s  u l t h  m i n i n u m  e n e r g i e s  o f  1 a n d  5 MeV. 
r e s p e c t l v e l y r  a n d  m a x i m u m  e n e r g i e s  o f  8 a n d  2 4  MeV. 
r e s p e c t i v e l y .  T h e  s i x t h  d e t e c t o r  u a s  a G e i g e r  t e l e s c o p e  t h a t  
d e t e c t e d  o r o t o n s  g r e a t e r  t h a n  1 0 0  MeV. T h e  s e v e n t h  d e t e c t o r  
n a s  a p l a s t l c  s c i n t i l l a t o r  t h a t  d e t e r m l n e d  t h e  p r o t o n  s a e c t r a  
i n  t h e  e n e r g y  r a n g e  f r o m  1 0 0  t o  6 0 0  MeV. P a r t l c l e s  a s s o c i a t e d  
n i t h  a u r o r a l  a n d  s o l a r  e v e n t s  w e r e  s t u d i e d .  No a l p h a  p a r t i c l e  
d a t a  w e r e  o b t a i n e d  f r o m  t h l s  e x 3 e r i n e n t .  

B IBLIOGRAPHY 
1 5 5  2 9 8  2 9 9  376 3 9 8  4 2 4  6 1 1  6 1 2  6 1 3  6 1 4  
6 1 5  6 2 0  6 2 1  6 2 2  6 2 3  6 2 4  6 9 9  883 9 4 5  

------- ALOUETTE 2,  B R A C E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- C Y L I N D R I C A L  ELECTROSTATIC PROBES 

NSSOC IO- 6 5 - 0 9 8 A - 0 5  I N V E S T I G A T I V E  PROGRAM 
CODE EEI SCIENCE 

I N V E S T I G A T I O N  O I S C I P L I N E ( S )  
IONOSPHERES 
AERONOMY 

PERSONNEL 
P I  - L.H. BRACE NASA-GSC: 

B R I E F  OESCRIPTION 
Tno c y l l n d r i c a l  e l e c t r o s t a t i c  p r o b e s  m e r e  u s e d  t o  m e a s u r e  

l o c a l  e l e c t r o n  t e m p e r a t u r e  a n d  d e n s l t y  a t  t h e  s a t e l l i t e .  The 
m a i n  p u r p o s e  o f  t h l s  e x p e r i m e n t ,  h o w e v e r ,  n a s  t o  d e t e r m i n e  t h e  
f e a s i b i l i t y  o f  p l a c i n g  d i r e c t  m e a s u r e m e n t s  o n  a s p a c e c r a f t  
e q u i p p e d  u i t h  t h e  l o n g  a n t e n n a s  r e q u i r e d  f o r  t o 3 s I d e  s o u n d i n g .  
T h e  s e n s o r s  n e r e  o p e r a t e d  as L a n g m u l r  p r o b e s  a n d  c o n s i s t e d  e a c h  
o f  a c o l l e c t o r  e l e c t r o d e  e x t e n d i n g  f r o m  t h e  c e n t r a l  a x i s  o f  a 
c y l i n d r i c a l  g u a r d  r i n g .  T h e  g u a r d  r i n g  e x t e n d e d  23 cm f r o m  t h e  
s p a c e c r a f t  a n d  t h e  c o l l e c t o r  e l e c t r o d e  e x t e n d e d  4 6  cm. The t n o  
s e n s o r s  u e r e  m o u n t e d  o n  o p p o s i t e  s i d e s  o f  t h e  l o w e r  p o r t i o n  o f  
t h e  s a t e l l i t e  a n d  b o t h  e x t e n d e d  d o u n u a r d  a t  a n  a n g l e  o f  45  d e g  
t o  t h e  s D a c e c r a f t  s p i n  a x i s ,  u h i c h  mas o r i e n t e d  1 1  a n o r t h w a r d  
d i r e c t i o n  i n  t h e  o r b i t a l  p l a n e .  T h e  s e n s o r s  w e r e  o p e r a t e d  
s e q u e n t i a l l y .  NSSOC h a s  a l l  t h e  u s e f u l  d a t a  t h a t  e x i s t  f r o m  
t h i s  i n v e s t  I g a t  i o n .  

BIBLIOGRAPHY 
7 7  9 4  9 6  1 2 8  1 3 1  1 7 4  2 1 4  2 5 9  2 6 0  2 6 1  

302 3 6 5  3 9 8  3 9 9  5 7 1  5 9 5  6 9 9  707  730 764  
7 8 0  7 8 1  9 4 5  

SPACECRAFT COMMON NAME- ObE-A 
ALTERNATE NAMES- EXPL0.RER 31, ISIS-X 

0 1 8 0 6 ~  S 3 0 1  

N S S O C  IO- 6 5 - 0 9 8 8  

LAUNCH DATE- 1 1 / 2 9 / 6 5  UEIGHT-  99.0 K G  
L A U N C i  S I T E -  WANOEVBERS AFBI UNITEO STATES 
LAUNCH VEHICLE-  THOR 

SPONSORING COUNTRY/AGENCY 
UNITEO STATES NASA-OSSA 

I N I T I A L  ORBIT PARAMETERS 
O R B I T  TYPE- GEOCENTRIC EPOCH DATE- 1 1 / 3 0 / 6 5  
0'1BIT PERIOD-  121.4  M I U  I U t L I V P T I 3 N -  7 3 . 8  3ES 
P E R I A P S I S -  5 0 5 .  K M  ALT APOAPSIS-  2978 .  K M  ALT 

PERSONNEL 
PM - E.0. NELSENtNLA)  NASA-GSF C 
PS - J.E. JACKSON UASP-BS'C 

B R I E F  OESCRIPTION 
E x p l o r e r  31  u a s  a s m a l l  l o n O s p h e r l c  O b s e r v a t o r y  

i n s t r u m e n t e d  t o  make d i r e c t  m e a s u r e m e n t s  o f  s e l e c t e d  
i o n o s p h e r i c  p a r a m e t e r s  a t  t h e  s p a c e c r a f t .  I t  c a r r i e d  s e v e n  
e x p e r l m e n t s :  a t h e r m a l  i o n  e x p e r i m e n t r  a t h e r m a l  e l e c t r o n  
e x p e r i m e n t r  a n  e l e c t r o s t a t i c  p r o b e t  a n  e l e c t r o n  t e m p e r a t u r e  
p r o b e ,  a s p h e r i c a l  mass  s p e c t r o m e t e r ,  a n  e n e r g e t i c  e l e c t r o n  
c u r r e n t  m o n i t o r t  a n d  a m a g n e t l c  i o n - m a s s  s p e c t r o m e t e r .  S i n c e  
t h e  s p a c e c r a f t  h a d  n o  t a p e  r e c o r d e r .  d a t a  c o u l d  b e  o b s e r v e d  a t  
t h e  s p a c e c r a f t  o n l y  when t h e  s p a c e c r a f t  u a s  i n  s i g h t  o f  t h e  
t e l e m e t r y  s t a t i o n  a n d  u h e n  commanded on. E x p e r i m e n t s  w e r e  
o p e r a t e d  e l t h e r  s l m u l t a n e o u t l y  o r  s e q u e n t i a l l y ,  a s  d e s i r e d .  
T h e  s a t e l l i t e  n a s  s p i n - s t a b l l l z e d  u l t h  t h e  s p i n  a x i s  
p e r p e n d i c u l a r  t o  t h e  o r b i t  p l a n e .  The s p i n  r a t e  a n d  s p l n  a x f s  
n e r e  c o n t r o l l e d  b y  a n  o n b o a r d  m a g n e t i c  t o r q u i n g  s y s t e m .  The 
a t t i t u d e  a n d  s p i n  r a t e  I n f o r m a t i o n  w e r e  o b s e r v e d  b y  a s u n  
s e n s o r  and  a t h r e e - a x l t  m a g n e t o m e t e r .  S a t e l l i t e  p e r f o r m a n c e  
n a s  s a t l s f a c t o r y  e x c e p t  f o r  a p a r t i a l  p o n e r  f a i l u r e  i n  May 
1 9 6 6 ,  u h i c h  r e d u c e d  d a t a  a c q u i s i t i o n  t i m e  t o  a b o u t  h a l f  t h e  
n o m i n a l  a m o u n t .  Some d i f f i c u l t i e s  w e r e  e n c o u n t e r e d  I n  
o b t a i n i n g  a t t i t u d e  i n f o r m a t l o n  t h a t  u a s  n e c e s s a r y  f o r  t h e  
r e d u c t l o n  o f  t h e  e x p e r i m e n t  o b s e r v a t i o n s .  On J u l y  1 9  1 9 5 9 ,  t h e  
s a t e l l l t e  d a t a  o b s e r v a t i o n s  w e r e  t e r m l n a t e d  w i t h  f i v e  o f  t h e  
s e v e n  e x p e r i m e n t s  o p e r a t i n g .  R e s p o n s l b i l i t y  f o r  s t a n d b y  
m o n i t o r i n g  o f  t h e  s a t e l l i t e  u a s  g i v e n  t o  t h e  ESSA t e l e m e t r y  
s t a t i o n  a t  B o u l d e r t  C o l o r a d o .  o n  J u l y  8, 1 9 6 9 .  S u r l n g  t h i s  
s t a n d b y  o p e r a t i o n ,  e x p e r i m e n t  d a t a  w e r e  c o l l e c t e d  o n l y  o n c e  on 
O c t o b e r  1. 1 9 6 9 .  f o r  9 m i n  f r o m  t h e  e l e c t r o s t a t l c  p r o b e  f o r  u s e  
i n  s t u d y i n g  a r e d  a r c  e v e n t .  O n  J a n u a r y  15. 1971, n o  r e s p o n s e  
n a s  r e c e i v e d  f r o m  a v a r i e t y  o f  s a t e l l i t e  c o m m a n d s ?  a n d  t h e  
s a t e l l i t e  u a s  a b a n d o n e d .  

B I B L  I O  G9 APIY 
1 2 2  3 1 0  4 4 2  

_-_-___ OME-4, D O N L E I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- THERMAL ION PROBE 

NSSOC IO- 6 s - 0 9 8 8 - 0 1  I N V E S T I G A T I V E  P93GRAY 
CODE E E I  SCIENCE 

I Y V E S T I G A T I 5 V  3 I S t I ? L I N E ( S )  
IONOSPHERES 
AERONOMY 

PERSOVNEL 
P I  - J.L. OONLEY NASA-GSFC 

B R I E F  D E S C R I P T I O N  
The p u r p o s e  o f  t h e  t h e r m a l  i o n  p r o b e  e x p e r i m e n t  u a s  t o  

m e a s u r e  I o n  d e n s i t y ,  t e m p e r a t u r e ,  a n d  c o m p o s i t i o n  a t  t h e  
s a t e l l i t e .  T h e  s e n s o r  c o n s i s t e d  o f  a p l a n a r  i o n  t r a p  w i t h  
t h r e e  c i r c u l a r  m e s h  g r i d s  a n d  a c o l l e c t o r .  U i t h  t h e  i n n e r m o s t  
s u p p r e s s o r  g r i d  m a l n t a i n c d  a t  - 1 5  V t o  e x c l u d e  e l e c t r o n s  anc 
t h e  m i d d l e  r e t a r d i n g  g r i d  s w e p t  f r o m  z e r o  t o  6.3 V t  t h e  
r e s u l t i n g  c u r r e n t - v o l t a g e  c u r v e  d u e  t o  i o n  c u r r e n t  uas 
I n t e r p r e t e d  t o  o o t a i n  I o n  t e m p e r a t u r e ,  i o n  c o m p o s i t i o n *  anc 
d e n s i t y .  D e t e r m i n a t i o n  o f  t h e s e  p a r a m e t e r s  uas  made b y  c u r v e  
f i t t i n g ,  a s s u m i n g  v a r i o u s  m o d e l s  o f  i o n  p a r a m e t e r s  a n d  a s s u m i n c  
t h a t  t h e  m o d e l  w l t h  t h e  l e a s t  r m s  r e s i d u a l  was c o r r e c t .  The 
a s s o c i a t e d  e l e c t r o n i c s  w e r e  s h a r e d  w i t h  e x p e r i m e n t  6 5 - 0 9 8 8 - 0 6 .  
F u r t h e r  d e t a i l s  a r e  g l v e n  I n  J. L.  O o n l e y l  " T h e  t h e r m a l  i o n  anc 
e l e c t r o n  t r a p  e x p e r l m e n t s  o n  t h e  E x p l o r e r  X X X I  s a t e l l i t e t s  
P r o c .  I E E E v  v. 5 7 9  n. 6 1  PP. 1 0 6 1 - 1 0 6 1 ,  J u n e  1359. YSSDC has 
a l l  t h e  u s e f u l  d a t a  t h a t  e x i s t  f r o m  t h i s  i n v e s t i g a t i o n .  

B I B L  I OSRA P.l Y 
1 2 2  1 ~ 8  2 2 0  2 3 6  2 3 7  330 5 7 8  6 5 3  7 7 4  775  
7 9 8  7 9 9  803 8 1 9  



PERSONNEL 
P I  - L.H. BRACE NASA-GS=C 

B R I E F  DESCRIPTION 
T h e  c y l i n d r l c a l  e l e c t r o s t a t l c  p r o o e s  w e r e  u s e d  t o  m e a s u r e  

e l e c t r o n  t e m p e r a t u r e  a n d  d e n s l t y  I n  t h e  i o n o s o h e r e .  E a c h  
s e n s o r  w a s  b a s i c a l l y  a L a n g m u i r  p r o b e  c o n s i s t l n g  o f  a c o l t e c t o r  
e l e c t r o d e  e x t e n d l n g  f r o m  t h e  c e n t r a l  a x l s  o f  a c y l l n d r l c a l  
g u a r d  r l n y .  The g u a r d  r i n g s  e x t e n d e d  2 3  c n  f r o l l  t ' l e  s p a c e c r a f t  
a n d  t h e  c o l l e c t o r  e l e c t r o d e  e x t e n d e d  4 6  cm. T h e  t w o  s e n s o r s  
w e r e  m o u n t e d  on o p p o s i t e  s l d e s  o f  r h e  s p a c e c r a f t ,  a n d  w e r e  
o e r p e n d i c , ~ l a r  t o  t h e  s o l n  a x i s  a n d  i n  t h e  o r b l t  p l a n e .  D a t a  
s e t s  a r e  n o  l o n g e r  a v a l l a b l e  f r o m  t h i s  e x p e r l m e n t .  

8 IBLIOGRPPHY 
5 7  1 2 2  1 2 8  1 3 1  1 7 4  2 2 0  2 3 7  3 0 2  3 6 5  5 9 5  

6 4 2  7 9 8  7 3 9  

0 t h e  p r a b e  v a r l e d  i i v e r s e l y  u i t h  l o i i c  mass ,  a n d  
c o n s e q u e n t l y .  t h e  I n s t r u m e n t  was l e s s  s e n s i t l v e  t o  h e a v y  
m a s s e s .  When t h e  c o n c e n t r a t t o n  o f .  a t o m i c  o x y q e n  I o n s  w a s  
s l g n l f l c a n t l y  g r e a t e r  t h a n  3 0 0  I o n s  D e r  c c ,  a c c u r a t e  
t e m p e r a t u r e  m e a s u r e m e n t s  c o u l d  b e  made f o r  t h e  a t o m l c  o x y g e n  
i o n s .  F u r t h e r  d e t a i l s  o f  t h e  e x p e r i m e n t  c a n  b e  f o u n d  I n  G. L. 
U r e n n ,  " T h e  L a n g m u i r  p r o b e  a n d  s p h e r i c a l  I o n  p r o b e  e x p e r i m e n t s  
a b o a r d  C x D l o i e r  31 . "  P r o c .  I E E E I  V. 45, n. 6 ,  0 .  1 0 7 2 .  1969. 

B IBLIOGRAPHY 
1 2 2  2 3 7  7 9 7  7 9 8  733 8 0 0  802 865  9 5 0  9 6 2  

------- DME-Ar HOFFMAN-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

- -_--__ DYE-A, W I L L M O R E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- ELECTRON TEMPERATURE 

NSSDC I D -  6 5 - 0 9 8 8 - 0 3  I N V E S T I G A T I V E  PROGRAM 
C O D E  EEI SCIENCE 

I N V E S T I G A T I O N  O I S C I P L I N E ( S )  

PERSONNEL 
P I  - A.P. UILLMORE U OF BISYINGHAM 

B R I E F  OESCRIPTION 
T h e  p u r p o s e  o f  t h e  e l e c t r o n  t e m p e r a t u r e  p r o b e  u a s  t o  

m e a s u r e  t h e  e n e r g y  d i s t r l b u t l o n  o f  i o n o s p h e r l c  e l e c t r o n s .  F r o m  
t h e s e  m e a s u r e m e n t s  e l e c t r o n  t e m o e r a t u r e  a n d  d e n s l t y  C o J L d  b e  
d e r l v e d .  T h e  s e n s o r  was a d i s k .  2 cm I n  d l a m e t e r .  m o u n t e d  
f l u s h  u i t h  t h e  s a t e l l l t e  s u r f a c e .  T h e  p r o b e  c u r r e n t - v o l t a g e  
c h a r a c t e r i s t i c s  u e r e  I n v e s t i g a t e d  Dy means ~f t h e  same 
m o d u l a t i o n  t e c h n i q u e  t h a t  was  u s e d  i n  t h e  s p h e r i c a l  i o n - m a s s  
s p e c t r o m e t e r .  ( S e e  d e s c r i p t i o n  f o r  6 5 - 0 9 8 8 - 0 4 . )  

BIBLIOGRAPHY 
2 3 7  7 9 7  8 0 0  8 0 1  8 0 2  8 4 7  8 6 5  8 9 2  9 5 0  9 6 1  

1 9 6 2  9 6 3  

1 - - - - - - - CME-A, UILLMORE- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I I N V E S T I G A T I O N  NAME- I O V  YASS SPECTROMETER 

NSSOC I D -  6 5 - 0 9 8 0 - 0 4  I N V E S T I G A T I V E  PROGRAM 
COIIE EEI SCIENCE 

I N V E S T I G A T I O N  O I S C I P L I N E ( S )  

U OF BIRMINGHAM 

I S S D C  I D -  6 5 - 0 9 8 8 - 0 5  

ERSONNEL 
P I  - J.H. HOFFMAN P 

I N V E S T I G A T I V E  PROGRAM 
CODE E € ,  SCIENCE 

I N V E S T I G A T I O N  D I S C I P L I N E ( S )  
IONOSPHERES 
AERONOflY 

U OF TEXAS9 DALLAS 

B R I E F  DESCRIPTION 
A m a g n e t i c  s e c t o r  f l e l d  m a s s  s p e c t r o m e t e r  was u s e d  t o  

m e a s u r e  t h e  a b u n d a n c e s  o f  t h e  i o n o s p h e r i c  p o s l t l v e  I o n  s p e c l e s  
I n  t h e  mass  r a n g e  1 t o  2 0  a t o m i c  m a s s  u n l t s .  T h e  m a s s  r a n g e  
was s w e p t  e v e r y  3 s b y  a n  e x p o n e n t i a l l y  d e c r e a s i n g  a c c e l e r a t l n g  
v o l t a g e ,  u h i c h  v a r l e j  f r o m  - 4 0 0 0  t o  - 1 5 0  v o l - t s .  T h e  i o n s  u e r e  
s e p a r a t e d  a c c o r d l n g  t o  m a s s - t o - c h a r g e  r a t l o  I n  t h e  m a g n e t i c  
a n a l y z e r  s e c t i o n  o f  t h e  s p e c t r o m e t e r .  A p a r t l c u l a r  i o n  
s o e c l e s r  d e p e n d l n g  o n  t h e  a c c e l e r a t l n g  v o l t a g e ,  was  t h e n  p a s s e d  
t h r o u g h  t h e  a n a l y z e r  I n t o  a n  e l e c t r o n  m u l t i p l i e r .  T h e  O u t D u t  
i o n  c u r r e n t  f r o m  t h e  m u l t l p l l e r  w a s  m e a s u r e d  b y  a L o g a r i t h m l c  
e l e c t r o m e t e r  a m p l l f l e r  a n d  c o n v e r t e d  t o  a v o l t a g e .  The 
e x o e r l n e n t  O p e r a t e d  n o r m a l l y  a n d  y l e l d e d  u s e f u l  d a t a  f r o m  
l a u n c h  o n  N o v e m b e r  299 1 9 6 5 ,  u n t l l  a b o u t  A p r l l  1 9 6 7 .  T h e n  low 
b a t t e r y  v o l t a g e  r e s u l t e d  I n  a v o l t a g e  r e g u l a t o r  p r o b l e m .  The 
e x o e r l a e n t  p r o v i d e d  u s e f u l  d a t a  o n l y  i n t e r m i t t e n t l y  a f t e r  t h a t ,  
a n d  I t  f a l l e d  I n  M a r c h  1 9 6 8 .  NSSDC h a s  a l l  t h e  u s e f u l  d a t a  
t h a t  e x i s t  f r o m  t h l s  i n v e s t l g a t l o n .  

B I B L  I O G R  APHY 
5 3  5 4  5 5  i6 7 7  1 2 2  2 2 0  237 3 6 5  4 0 2  

403 4 0 4  4 0 5  4 0 9  4 4 2  5 9 5  7 3 7  

I N V E S T I G A T I O N  NAME- THERMAL ELECTRON PROBE 

NSSDC I D -  6 5 - 0 9 8 8 - 0 6  I N V E S T I G A T I V E  PROGRAM 
C03E EEv SCIENCE 

I N V E S T I G A T I O N  D I S C I P L I N E ( S )  
IONOSPHERES 
AERONOMY 

PERSONNEL 
P I  - J.L. DONLEY NASA-GSFC 

B R I E F  DESCRIPTION 
T h e  p u r p o s e  o f  t h e  t h e r m a l  e l e c t r o n  p r o b e  e x p e r i m e n t  was 

t o  m e a s u r e  t h e  e l e c t r o n  d e n s i t y  a n d  t e m p e r a t u r e  a t  t h e  
s a t e l l l t e .  T h e  i n s t r u m e n t a t i o n  u a s  a m o d l f l e d  L a n g m u i r  p r o b e  
I n  u h l c h  u n w a n t e d  I o n  a n d  p h o t o - c u r r e n t  c o m p o n e n t s  u e r e  
e l i m l n a t e d  t h r o u g h  t h e  u s e  o f  a g r i d  u i t h  appropriate b l a s .  
T h e  g r l d  was m o u n t e d  f l u s h  u l t h  t h e  s a t e l l l t e  s u r f a c e  a n d  I t  
r e c e i v e d  a s w e e p  v o l t a g e  o f  f r o m  - 5  t o  *4 V .  T h e  c o l l e c t o r  n a s  
b l a s e d  a t  + 2 5  V. F r o m  t h e  m e a s u r e d  c u r r e n t - v o l t a g e  d a t a  t h e  
e l e c t r o n  d e n s l t y  c o u l d  b e  o b t a i n e d  w l t h  a n  a c c u r a c y  o f  a b o u t  
20X. T h e  e l e c t r o n  t e m p e r a t u r e  c o u l d  n o r m a l l y  b e  o b t a i n e d  u i t h  
a n  a c c u r a c y  o f  a b o u t  150  d e g  K r  b u t  a c o m p u t e r  c u r v e - f i t t l n g  
a n a l y s i s  i m p r o v e d  t h e  a c c u r a c y  t o  a b o u t  1 0  d e g  K. T h e  
a s s o c l a t e d  e l e c t r o n i c s  w e r e  s h a r e d  w i t h  e x p e r l m e n t  6 5 - 0 9 8 8 - 0 1 .  
F u r t h e r  d e t a l l s  c a n  a e  f o u n d  I n  J. L .  O o n l e y t  " T h e  t h e r m a l  I o n  
a n d  e l e c t r o n  t r a p  e x p e r l m e n t s  o n  t h e  E x p l o r e r  X X X I  s a t e l l l t e t "  
P r o c .  I E E E t  V. 5 7 ,  n. 6 ,  PP. 1 0 6 1 - 1 0 6 7 9  J u n e  1 9 6 9 .  NSSDC h a s  
a l l  t h e  u s e f u l  d a t a  t h a t  e x i s t  f r o m  t h l s  I n v e s t i g a t i o n .  

B I B L  IOGRAPHY 
1 2 2  188  2 3 5  2 3 6  2 3 7  330 5 7 8  5 7 9  5 9 5  6 5 3  
6 9 2  7 7 4  7 7 5  7 9 8  7 9 9  803  8 0 4  9 9 2  

- -_-___ DME-A, HAIER--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- ENERGETIC ELECTRON CURRENT MONITOR 

NSSDC I D -  6 5 - 0 9 8 6 - 0 7  I N V E S T I G A T I V E  PROGRAM 
CODE E E I  S C I E V C E  

I N V E S T I G A T I O N  D I S C I P L I N E I S )  
IONOSPHERES 
AERONOYY 

PERSONNEL 
P I  - E.J. MAIER NASA-GSFC 

B R I E F  DESCRIPTION 
T h e  p u r p o s e  o f  t h l s  e x p e r i m e n t  n a s  t o  m e a s u r e  t h e  

e l e c t r o n  e n e r g y  s p e c t r u m  I n  t h e  s u p r a t h e r m a l  e n e r g y  r a n g e  o f  
0.2 t o  2 0 0 0  eV. Two t h r e e - g r i d  r e t a r d l n g  p o t e n t i a l  a n a l y z e r s  
n e r e  u s e d ,  o n e  p r o v l d l n g  a n a l o g  d a t a  I n  t h e  0.2 t o  2 0 0  eV r a n g e  
a n d  t h e  o t h e r  p r o v l d l n g  d i g i t a l  d a t a  i n  t h e  0.2 t o  2000  eV 
r a n g e .  T h e  t u o  a n a l y z e r s  h a d  s e p a r a t e  p o w e r  s u p p l i e s  a n d  
a s s o c l a t e d  e l e c t r o n i c s .  T h e  I n s t r u m e n t a t i o n  f o r  t h e  d i g i t a l  
m e a s u r e m e n t  I n c l u d e d  a n  e l e c t r o n  m u l t l p l l e r  a n d  a d l g i t a l  p u l s e  
c o u n t l n g  s y s t e m .  B e c a u s e  o f  m o i s t u r e  c o n t a m l n a t l o n  o f  t h e  
d e t e c t o r  I n  t h e  l a u n c h  t o m e r  p r i o r  t o  l a u n c h .  t h e  g a i n  o f  t h e  
e l e c t r o n  m u l t l p l l e r  w a s  S O  d e g r a d e d  t h a t  n o  g e o p h y s l c a l  
m e a s u r e m e n t s  c o u l d  b e  o b t a i n e d .  T h e  l n s t r u m e n t a t l o n  f o r  t h e  
a n a l o g  m e a s u r e m e n t  I n c l u d e d  a r a n g e - c h a n g i n g  e l e c t r o m e t e r .  The 
a n a l o g  d a t a  u e r e  p l o t s  o f  t h e  m e a s u r e d  c u r r e n t - v o l t a g e  
f u n c t l o n .  T h e  a n a l o g  e x p e r l m e n t  y l e l d e d  e x c e l l e n t  d a t a  f o r  4 
m o n t h s r  a f t e r  n h l c h  t h e  e x p e r i m e n t  d e t e r i o r a t e d  b e c a u s e  o f  
r a d i a t i o n  d a m a g e  t o  i t s  c i r c u i t r y .  F u r t h e r  d e t a l l s  o f  t h e  
a n a l o g  a n d  d i g l t a l  I n s t r u m e n t s  a r e  p r e s e n t e d  i n  E. J. R .  M a i e r v  
" E x p l o r e r  X X X I  t o t a l  c u r r e n t  m o n l t o r  e x p e r i m e n t s t "  P r o c .  I E E E r  
V. 5 7 ,  n. 6 ,  PP. 1 0 6 8 - 1 0 7 1 ,  J u n e  1 9 6 9 .  NSSDC h a s  a l l  t h e  
u s e f u l  d a t a  t h a t  e x l s t  f r o m  t h i s  I n v e s t i g a t i o n .  

B IBLIOGRAPHY 
1 8 8  2 3 5  5 1 6  5 1 1  5 7 9  6 9 2  7 7 4  7 7 5  776 

3 5  

ORIGINAL PAGE IS 
OF POOR QUAUTJj 
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SPACECRAFT COMMON NAME- ISIS 1 
ALTERNATE NAMES- I S I S - A ,  0 3 6 6 9  

NSSDC I D -  6 9 - 0 0 9 1  

LAUNCH DATE- 0 1 / 3 0 / 6 9  UEIGHT-  241 .  KG 
LAUNCH S I T E -  VANDENBERG AFBt U N I T E 0  STATES 
LAUNCH VEHICLE-  DELTA 

SPONSORING COUNTRVIAGENCY 
CANADA ORB-DRTE 
U N I T E D  STATES NASA-OSSA 
JAPAN RRL 

I N I T I A L  O R B I T  PARAMETERS 
O R B I T  TYPE- GEOCENTRIC EPOCH DATE- 0 2 / 0 4 / 6 9  
ORBIT PERIOD-  128 .42  M I N  I N C L I N A T I O N -  88.42 DEG 
P E R I A P S I S -  5 7 8 .  K M  ALT APOAPSIS-  3526.  ZU ALT 

PERSONNEL 
PM - L.H. BRACE 
PM - C.D. FLORIOA(DECEASED)  
PS - L.H. BRACE 
PS - I. P A G H I S ( R E T I R E 0 )  
PS - J.E. JACKSON 

NASA-GSFC 
D RB-ORTE 
NASA-GSFC 
O R B - O R T E  
NASA-GSFC 

B R I E F  DESCRIPTION 
I S I S  1 was a n  i o n o s p h e r i c  o b s e r v a t o r y  i n s t r u m e n t e d  w i t h  

s w e e p -  a n d  f i x e d - f r e q u e n c y  i o n o s o n d e s .  a VLF r e c e i v e r r  
e n e r g e t i c  a n d  s o f t  p a r t i c l e  d e t e c t o r s ,  a n  i o n  mass  
s p e c t r o m e t e r ,  an e l e c t r o s t a t i c  p r o b e ,  a n  r l e c t r o s t a t i c  
a n a l y z e r ,  a b e a c o n  t r a n s m i t t e r ,  a n d  a c o s m i c  n o i s e  e x p e r i m e n t .  
T h e  s o u n d e r  u s e d  t w o  d i p o l e  a n t e n n a s  ( 7 3  a n d  18.7 m l o n g ) .  T h e  
s a t e l l i t e  was s p i n - s t a b i l i z e d  a t  a b o u t  2.9 r p m  a f t e r  a n t e n n a  
d e o l o y m e n t .  Some c o n t r o l  was e x e r c i s e d  o v e r  t h e  s p i n  r a t e  and 
a t t i t u d e  b y  u s i n g  m a g n e t i c a l l y  i n d u c e d  t o r q u e s  t o  c h a n g e  t h e  
s p i n  r a t e  a n d  t o  p r e c e s s  t h e  S p i n  a x i s .  A t a p e  r e c o r d e r  w i t h  
1-h c a p a c i t y  was i n c l u d e d  on t h e  s a t e l l i t e .  The s a t e l l i t e  
c o u l d  b e  p r o g r a m m e d  t o  t a k e  r e c o r d e d  o b s e r v a t i o n s  f o r  f o u r  
d i f f e r e n t  t i m e  p e r i o d s  f o r  e a c h  f u l l  r e c o r d i n g  p e r i o d .  T h e  
r e c o r d e r  d a t a  w e r e  d u m p e d  o n l y  a t  O t t a u a .  F o r  
n o n - t a p e - r e c o r d e d  o b s e r v a t i o n s r  d a t a  f o r  t h e  s a t e l l i t e  an3  
s u b s a t e l l i t e  r e g l o n s  c o u l d  b e  a c q u i r e d  a n d  t e l e m e t e r e d  u h e n  t h e  
s p a c e c r a f t  was i n  t h e  l i n e  o f  s l g h t  o f  t e l e m e t r y  s t a t i o n s .  T h e  
s e l e c t e d  t e l e m e t r y  s t a t i o n s  w e r e  I n  a r e a s  t h a t  p r o v i d e d  p r i m a r y  
d a t a  c o v e r a g e  n e a r  t h e  8 0 - d e g - Y  m e r l d i a n  a n d  i n  areas n e a r  
H a u a i l r  S i n g a p o r e *  A u s t r a l i a t  E n g l a n d ,  N o r w a y .  I n d i a ,  J a p a n .  
A n t a r c t i c a ,  New Z e a l a n d .  a n d  C e n t r a l  A f r i c a .  NASA s u p p o r t  o f  
t h e  I S I S  p r o j e c t  was t e r n i n a t e d  o n  O c t o b e r  1, 1 9 7 9 .  A 
s i g n i f i c a n t  a m o u n t  o f  e x p e r i m e n t a l  d a t a ,  h o w e v e r .  was  a c q u i r e d  
a f t e r  t h l s  d a t e  b y  t h e  C a n a d i a n  p r o j e c t  t e a m .  ISIS 1 
o p e r a t i o n s  w e r e  t e r m i n a t e d  i n  C a n a d a  o n  M a r c h  9 ,  1984.  T h e  
R a d i o  R e s e a r c h  L a b o r a t o r l e s  ( T o k y o .  J a p a n )  t h e n  r e q u e s t e d  a n d  
r e c e i v e d  p e r m i s s i o n  t o  r e a c t i v a t e  I S I S  1. R e g u l a r  I S I S  1 
o p e r a t i o n s  w e r e  s t a r t e d  f r o m  K a s h i m a ,  J a p a n ,  I n  e a r l y  A u g u s t  
1984.  

B IBLIOGRAPHY 
1 6  2 7  1 9 6  2 7 2  3 0 8  3 0 9  3 1 0  311  3 3 7  3 8 1  

4 4 6  5 2 6  ' 5 3 7  5 6 7  568 6 4 7  6 5 0  7 6 0  7 7 8  8 2 2  
9 0 4  9 0 5  9 0 6  9 0 9  910 9 1 1  9 4 4  9 6 9  

------- I S I S  1, NELMS---------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- SYEEP-FREOUENCV SOUNDER 

NSSOC I D -  6 9 - 0 0 9 1 - 0 1  I N V E S T I G A T I V E  PROGRAY 
CODE EE/CO-OPv SCIENCE 

I N V E S T I G A T I O N  D I S C I P L I N E ( S )  
IONOSPHERES AND R A D I O  PHVSICS 

PERSONNEL 
P I  - G.L. 
01 - J.E. 
0 1  - J.H. 
0 1  - J. 
D I  - M e  

0 1  - 0. 
0 1  - v. 
01 - R. 
01 - R.B. 
01 - K.L. 
0 1  - R.S.  

NELMS 
JACKSON 
UHITTEKER 
TURNER 
S V L V A I N  
HOLT 
O G A T A  
RAGHAVARAO 
NORTON 
CHAN 
UNUIN 

B R I E F  DESCRIPTION 
T h e  D u r D o s e  o f  t h i s  

0 OC-CRC 
NASA-GSFC 
D O C - C R C  
IONOSPHERIC PRED SERV 
LGE 
AURORAL DBS 
R k O I O  RESEARCH LAB 
PHVSICAL RESEARCH LAB 
NOAA-ERL 
NASA-ARC 
DEPT OF S C I + I N O U S T  RES 

e x p e r i m e n t  was t o  I n v e s t i g a t e  t h e  
i o n o s p h e r i c .  e l e c t r o n  d e n s i t y  i n  t h e  a t t i t u d e  r a n g e  3 0 0 - t o  3500  
km f o r  a f u l l  s o l a r  c y c l e  ( b y  c o m b i n i n g  t h e  ISIS 1 m e a s u r e m e n t s  
w i t h  t h e  A t o u e t t e  2 d a t a ) .  A n o t h e r  I m p o r t a n t  f J n c t i o n  o f  t h e  
s o u n d e r  was t o  p r o v i d e  c o r r e l a t i v e  d a t a  f o r  t h e  o t h e r  I S I S  1 
e x p e r i m e n t s ,  p a r t i c u l a r l y  t h o s e  m e a s u r i n g  i o n o s p h e r i c  
p a r a m e t e r s .  The ISIS 1 i o n o s o n d e  was b a s i c a l l y  a r a d i o  
t r a n c m i t t e r l r e c e l v e r  t h a t  r e c o r d e d  t h e  t i m e  d e l a y  b e t w e e n  a 
t r a n s m l t t e d  a n d  a r e t u r n e d  r a d i o  f r e q u e n c y  p u l s e .  A c o n t i n u u m  
o f  f r e q u e n c i e s  b e t w e e n  0.1 and 2 0  M H z  was s a m p l e d  o n c e  e v e r y  1 9  
o r  2 9  S P  a n d  o n e  o f  s i x  s e l e c t e d  f r e q u e n c i e s  was a l s o  u s e d  f o r  
a p e r l o d  o f  3 t o  5 s d u r l n g  t h i s  1 9 -  o r  2 9 - s  p e r i o d .  I n  
a d d i t i o n  t o  t h e  s w e e p -  a n d  f i x e d - f r e q u e n c y  m o d e s  o f  o p e r a t i o n ,  
a m i x e d  mode u a s  p o s s l b L &  w h e r e  t h e  t r a n s m i t t e r  f r e q u e n c y  was 

f i x e d  a t  0.82 MHz w h i l e  t h e  r e c e i v e r  s w e p t .  S e v e r a l  
v i r t u a l - h e i g h t  ( d e l a y - t i m e )  t r a c e s  w e r e  n o r m a l l y  o b s e r v e d  d u e  
t o  g r o u n d  r e f  l e c t i o n s r  p l a s m a  r e s o n a n c e s .  b l r e f r l n g e n c e  o f  t h e  
i o n o s p h e r e ,  n o n v e r t i c a l  p r o p a g a t i o n r  e t c .  V i r t u a l  h e i g h t  a t  a 
g i v e n  f r e q u e n c y  was o r i m a r l l y  a f u n c t i o n  o f  d i s t a n c e  t r a v e r s e d  
b y  t h e  s i g n a l ,  e l e c t r o n  d e n s i t y  a l o n g  t h e  p r o p a g a t i o n  p a t h ,  and  
mode o f  p r o p a g a t i o n .  T h e  s t a n d a r d  d a t a  f o r m a t  n a s  a n  i o n o g r a m  
s h o w i n g  v l r t u a l  h e i g h t  a s  a f u n c t i o n  o f  f r e q u e n c y .  

B I B L  IOGRAPHV 
2 3  9 7  9 8  1 0 0  1 0 1  1 0 2  1 0 3  1 0 5  1 0 5  110 

111 1 1 2  1 2 7  1 3 5  1 4 8  1 6 4  1 6 5  2 2 1  2 4 6  2 6 2  
2 6 3  2 6 6  2 6 7  3 0 5  3 0 6  318 3 2 2  343  371 4 1 6  
4 2 6  4 4 4  4 4 5  9 4 8  4 4 9  4 5 0  4 5 1  9 5 2  4 3 3  480 
5 0 3  5 1 7  6 0 0  6 0 1  6 0 3  6 6 2  6 6 3  6 6 5  6 6 9  6 7 3  
6 7 6  7 2 8  7 5 1  1 7 7  7 8 1  7 9 5  815 8 1 6  8 2 7  8 8 7  
8 9 8  9 1 6  9 1 7  9 1 8  9 2 3  9 4 0  9 4 2  5 4 4  9 4 5  5 4 6  

-____-_ I S I S  1, CALVERT--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- FIXED-FSEQUEVCV S O U Y 3 r R  

NSSOC I D -  6 9 - 0 0 9 A - 0 2  I N V E S T I G A T I V E  PROGRAM 
CODE EEICO-OP, SCIENCE 

I N V E S T I G A T I O N  D I S C I P L I N E ( S )  
IONOSPHERES AN0 RADIO PHVSICS 

PERSJYNEL 
P I  - W .  CALVERT 
0 1  - R.B. NORTON 
01  - J.H. WARNOCK 
01 - J.H. U H I T T E K r R  

U 0- IOUA 
NOAA-ERL 
NOAA 
D O C - T R C  

B R I E F  DESCRIPTION 
T h l s  e x p e r i m e n t  was d e s i g n e d  t o  s t u d y  i o n o s p h e r i c  

f e a t u r e s  o f  a s m a l l e r  s c a l e  t h a n  c o u l d  b e  d e t e c t e d  b y  t h e  SneeD 
s o u n d e r ,  a n d  t o  s t u d y  p l a s m a  r e s o n a n c e s .  P a r a m e t e r s  m e a s u r e d  
u e r e  v l r t u a l  r a n g e  (a f u n c t i o n  o f  p r o p a g a t i o n  t i m e  o f  t h e  
r e f l e c t e d  p u l s e )  a n d  t i m e .  T h e s e  d a t a  w e r e  n o r m a l l y  o b s e r v e d  
o n l y  u h e n  t h e  s p a c e c r a f t  was i n  r a n g e  o f  a t e l e m e t r y  s t a t i o n .  
T h e  f i x e d - f r e q u e n c y  s o u n d e r  o p e r a t e d  f r o m  t h e  same a n t e n n a ,  
t r a n s m i t t e r .  a n d  r e c e i v e r  u s e d  f o r  t h e  s n e e p - f r e q u e n c y  
e x o e r i m e n t .  I t  n o r m a l t y  o p e r a t e d  f o r  5 s d u r i n g  t h e  f r e q u e n c y  
f l y b a c k  p e r i o d  o f  t h e  s w e e p - f r e q u e n c y  o p e r a t i o n  t h a t  u a s  e v e r y  
1 9  o r  2 9  S. One o f  s i x  f r e q u e n c i e s  ( 0 . 2 5 ,  0.48, 1.00, 1.95. 
4 . 0 0 .  o r  9.303 M H z )  was c h o s e n  f o r  u s e  b y  t h e  e x p e r i m e n t e r  as 
d e s i r e d .  O t h e r  m o d e s  o f  o o e r a t i o n  w e r e  a v a i l a b l e r  i n c l u d i n g  
c o n t i n u o u s  o b s e r v a t i o n  a t  a s e l e c t e d  f r e q u e n c y .  a n d  a s p e c l a l  
m i x e d  mode w i t h  t r a n s m i s s i o n  a t  t h e  f i x e d  f r e q u e n c y  o f  0.82 MHz 
a n d  s u e e p  r e c e p t i o n .  

B IBLIOGRAPHY 
2 6 6  4 4 8  4 4 9  4 5 0  9 2 3  9 4 4  

-_----- I S I S  1, B A R R I N G T O N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- VLF RECEIVER 

NSSOC I D -  6 9 - 0 0 9 A - 0 3  I N V E S T I G A T I V E  PROGRAM 
CO3: EEICO-OPv SCIENCE 

I N V E S T I G A T I O N  D I S C I P L I N E ( S )  
IONOSPHERES kND RADIO PHYSICS 

PERSONNEL 
P I  - R.E. BARRINGTON DOC-CRC 
01 - F.H. PALMER DEFENCE RESEARCH ESTAB 
01 - H.G. JAMES JOC- tRC 

B R I E F  OESCR I P T I O N  
T h e  p u r p o s e  o f  t h l s  e x p e r i m e n t  u a s  t o  s t u d y  n a t u r a l  and  

man-made VLF s i g n a l s .  S p e c l f l c  o b j e c t i v e s  i n c l u d e d  t h e  
i n v e s t i g a t i o n  o f  VLF p r o p a g a t i o n  p h e n o m e n a *  I o n  a n d  h y b r i d  
p l a s m a  r e s o n a n c e s ,  a n d  c o r r e l a t i o n s  b e t w e e n  VLF e m i s s i o n s  and  
i n t e n s e  f l u x e s  o f  e n e r g e t i c  p a r t i c l e s .  I n  t h i s  e x p e r i m e n t  an 
a t t e m o t  uas made t o  s t i m u l a t e  t h e  i o n  r e s o n a n c e s  o f  t h e  a m b i e n t  
p l a s m a  b y  u s i n g  s i g n a l s  f r o m  a VLF s u e e p - f r e q u e n c y  e x c i t e r ,  
c o n t a i n e d  u i t h i n  t h e  s p a c e c r a f t .  T h e  i n s t r u m e n t a t i o n  c o n s i s t e d  
o f  a l o w - f r e q u e n c y ,  b r o a d b a n d  r e c e i v e r  t h a t  s e n s e d  s i g n a l s  
r e c e i v e d  b y  t h e  7 3 - a  d l p o l e  ( s p l l t  m o n o p o l e )  a n t e n n a ,  b e t w e e n  
0.05 a n d  3 0  kHz. T h i s  same a n t e n n a  w a s  u s e d  f o r  r e c e l v i n G  
f r e q u e n c i e s  b e l o w  5 MHz on t h e  i o n o s o n d e .  The r e c e i v e r  h a d  a 
w i d e  d y n a m i c  r a n g e  (80 m )  t h a t  was a c h i e v e d  b y  u s e  o f  an 
a u t o m a t i c  g a i n  c o n t r o l  s y s t e m .  T h i s  VLF e x p e r i m e n t  i n c l u d e d  an 
o p t i o n a l - u s e  o n b o a r d  e x c i t e r  t h a t  o p e r a t e d  o v e r  a f r e q u e n c y  
c y c l e  p a t t e r n  o f  0 t o  0 . 3  t o  0 t o  11 t o  0 kHz  o v e r  a 3.5-s 
" f r a m e "  p e r i o d .  T h e  f r a m e s  s e q u e n c e d  t h r o u g h  f o u r  s t e p s  w h e r e  
t h e  t r a n s m i s s i o n s  u e r e  a t t e n u a t e d  b y  0 ,  20. 2 0 1  t h e n  4 0  dB, 
t h u s  r e q u i r i n g  1 4  s f o r  o n e  c o m p l e t e  c y c l e  o f  e x c i t e r  
o p e r a t i o n .  T h e  e x c i t e r  t r a n s m i t t e d  on t h e  s h o r t  a n t e n n a s  and  
t h e  r e c e i v e r  s e n s e d  t h e  s i g n a l s  c o u p l e d  b e t w e e n  t h e  t w o  
a n t e n n a s  b y  t h e  a m b i e n t  p l a s m a ,  p l u s  a n y  n o i s e  s l g n a l s  w h i c b  
w e r e  e x c i t e d  i n  t h e  p l a s m a .  T h i s  VLF e x p e r i m e n t  a l s o  p e r m i t t e c  
a n t e n n a  I m p e d a n c e  m e a s u r e m e n t s ,  w i t h  o r  w i t h o u t  a dc b i a s  o r  
t h e  a n t e n n a .  T h e  r e a l - t i m e  d a t a  w e r e  t r a n s m i t t e d  o n  136.08-MH2 
t e l e m e t r y .  T h e  VLF d a t a  c o u l d  b e  r e c o r d e d  o n  one o f  t h e  f o u r  
t a p e - r e c o r d e r  c h a n n e l s  d u r i n g  t h e  t i m e  t h e  t a p e  r e c o r d e r  
o p e r a t e d .  T a p e - r e c o r d e d  a n d  b a c k u p  r e a l - t i m e  d a t a  were  
t r a n s m i t t e d  on 4 0 0 - H H r  t e l e m e t r y .  

6 1  BL IOGSAP4V 

3 6  



I 

I 

6 2  8 7  4 4 7  4 5 1  455  5 6 9  5 7 0  6 9 0  7 1 4  7 1 5  
7 2 1  7 2 2  723  8 0 9  930 9 3 1  9 4 4  

- _ _ _ _ _ _  I S I S  1, M C D I A R M I D - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- ENERGETIC PARTICLE 3ETECTORS 

YSSDC I D -  6 9 - 0 0 9 1 - 0 4  I N V E S T I S A T I V E  PROGRAY 
CODE EEICO-OPI SCIENCE 

I N V E S T I G A T I O N  D I S C I P L I N E I S )  
YASNETOSPHERIC PHYSICS 
PARTICLES AND F I E L D S  

PERSONNEL 
P I  - 1.6. MCDIARMID 
01  - J . R .  BURROWS 
0 1  - R.C. ROSECRETIRED) 

NATL RES COUNC OF CAN 
NATL RES COUNC OF C A N  
NATL R E S  COUNC OF CAN 

B R I E F  DESCRIPTION 
T h e  p u r p o s e  o f  t h l s  e x p e r i m e n t  u a s  t o  p r o v l d e  d a t a  t h a t  

w o u l d  a l d  I n  u n d e r s t a n d i n g  ( 1 )  t h e  m e c h a n i s m s  r e s p o n s l b l e  f o r  
t h e  p r o d u c t l o n  a n d  c o n t r o l  o f  t h e  o u t e r  r a d l a t l o n  z o n e ,  ( 2 )  t h e  
r e l a t e d  o r o b l e m s  o f  P a r t i c l e  e n t r y  i n t o  t h e  e a r t h ’ s  m a p n e t l c  
f l e l d r  a n d  ( 3 )  i n t e r a c t i o n s  b e t u e e n  t h e  e a r t h v s  m a g n e t o s p h e r e  
a n d  t h e  s o l a r  u i n d .  T h l s  e x p e r l m e n t  c o n e l e t e d  o f  f o u r  s e t s  o f  
d e t e c t o r s .  The f l r s t  s e t ,  c o n p r l s l n g  f o u r  G e l g e r  c o u n t e r s ,  
m e a s u r e d  e l e c t r o n s  g r e a t e r  t h a n  2 0  a n d  4 0  keV a n d  p r o t o n s  
g r e a t e r  t h a n  300  a n d  500  keV p a r a l l e l  a n d  p e r p e n d l c u l a r  t o  t h e  
s a t e l l l t e  s p l n  a x i s .  A l l  r e m a i n i n g  d e t e c t o r s  m e a s u r e d  
o a r t l c l e s  p e r p e n d l c u l a r  t o  t h e  s o l n  a x i s .  T 7 e  s e c o i d  s e t  
c o n s l s t e d  o f  s o l l d - s t a t e ,  s l l l c o n - j u n c t i o n  d e t e c t o r s .  T h e s e  
r e s p o n d e d  t o  e l e c t r o n s  g r e a t e r  t h a n  2 5  a n d  1 4 0  k e V ,  e l e c t r o n s  
I n  t h e  r a n g e  2 2 0  t o  7 7 0  keV, a n d  p r o t o n s  g r e a t e r  t h a n  2 0 0  a n d  
4 0 0  keV.  The t h l r d  s e t  c o n s l s t e d  o f  f l v e  s l l l c o n - j u n c t l o n  
d e t e c t o r s  t h a t  r e s p o n d e d  t o  p r o t o n s  b e t u e e n  0.15 a n d  30 MeV. 
The f o u r t h  s e t  c o n s l s t e d  o f  c e s i u m  l o d l d e  s c l n t l l l a t l o n  
~ h o t o m u l t l ~ l l e r  s y s t e m s .  E a c n  s y s t e m  o o e r a t e d  I n  t w o  m o d e s  a n d  
r e s p o n d e d  t o  e l e c t r o n s  g r e a t e r  t h a n  89 401 a n d  6 0  keV a n d  
p r o t o n s  g r e a t e r  t h a n  5 0  keV a n d  I n  t h e  r a n g e  5 0  t o  7 0  keV. 

BIBLIOGRAPHY 
1 5 1  1 5 4  1 5 6  4 2 3  424  4 2 5  5 3 2  6 1 6  6 2 3  6 2 4  
8 2 1  8 2 3  8 4 6  9 4 4  9 4 5  9 4 6  9 5 6  

NSSDC ID- 6 9 - 0 0 9 1 - 0 5  

PERSONNEL 
P I  - W.J. H E I K K I L A  
0 1  - D.M. KLUMPAR 

I N V E S T I G A T I V E  PROGRAM 
CODE EEICO-OP, SCIENCE 

I N V E S T I G A T I O N  D I S C I P L I N E ( S )  
IONOSPHERES 
PARTICLES AND F I E L D S  
AE R O N O Y Y  

U OF TEXAS, DALLAS 
U OF TEXAS, DALLAS 

B R I E F  DESCRIPTION 
The p u r p o s e  o f  t h l s  e x p e r l m e n t  u a s  t o  s t u d y  a u r o r a l  a n d  

l o n o s p h e r l c  p h e n o m e n a  b y  s t u d y l n g  L o u - e n e r g y  e l e c t r o i s  a n d  
i o n s .  The s p e c t r o m e t e r  s l m u l t a n e o u s l y  m e a s u r e d  t h e  
d i f f e r e n t i a l  e n e r g y  s p e c t r a  o f  p o s i t l v e  a n d  n e g a t l v e  p a r t i c l e s  
b y  a d i v e r g e n t  e l e c t r 3 s t a t l c  d e f l e c t i o n  s y s t e a  d l t h  e l e c t r o n  
m u l t i p l l e r s  f o r  d e t e c t o r s .  T h e  e x p e r l m e n t  c o n s l s t e d  o f  t w o  
s u c h  s y s t e m s - - o n e  l o o k l n g  a l o n g  t h e  s a t e l l l t e  s p l n  a x l s  a n d  o n e  
p e r p e n d l c u l a r  t o  I t .  A p r o g r a m m e d  p o u e r  s u p p l y  p r o v i d e d  s u e p t  
a n d  s t e o ~ e d  modes o f  o D c r a t i o r J  s e l e c t e d  e i t h e r  b y  i n t e r n a l  
p r o g r a m m l n g  o r  b y  g r o u n d  command. T h e  e n e r g y  r a n g e  u a s  f r o m  1 0  
eV t o  1 0  keV p e r  u n l t  c h a r g e .  T h e  s u e p t  m o d e  o f  e n e r g y  
s e l e c t l o n  p r o v i d e d  a 2 2 - p o l n t  s p e c t r u m  i n  0.5 s ,  w h i l e  t h e  
s t e p p e d  mode P r O V I d e d  a 2 0 - o o i n t  ( g e o m e t r l c s l l y  s o a c e d )  
s p e c t r u m  I n  4 0  S .  The e x p e r l m e n t  w o r k e d  w e l l .  NSSDC h a s  a l l  
t h e  u s e f u l  d a t a  t h a t  e x l s t  f r o m  t h l s  I n v e s t i g a t i o n .  

B ISLIOGRAPHY 
1 0 1  1 0 6  1 1 0  1 1 2  1 5 6  2 0 6  2 6 2  3 7 6  3 7 7  3 8 6  
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9 4 2  9 4 4  9 5 1  9 5 2  9 5 3  954  9 5 5  9 5 1  9 6 4  9 6 6  
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I N V E S T I G A T I O N  NAME- P O S I T I V E  I O N  M A S S  SPECTROMETER 1 1 - 2 0  
AMU) 

N S S D C  ID- 6 9 - 0 0 9 1 - 0 6  I N V E S T I G A T I V E  PROGRAM 
CODE EEICO-OP. SCIENCE 

I N V E S T I G A T I O N  D I S C I P L I N E ( S )  
IONOSPHERES 
AERONOMY 

PERSONNEL 
P I  - R.S.  N A R C I S I  USAF GEOPHVS LAB 

POOR QUALITY 3 7  

B R I E F  DESCRIPTION 
The I S I S  1 i o n  m a s s  S p e c t r o m e t e r  ( I ’ I S )  e x p e r l m e n t  u a s  

p l a n n e d  t o  p r o v i d e  I n  s i t u  m e a s u r e m e n t s  o f  t h e  e x o s p h e r i c  i o n  
c o n c e n t r a t l o n s ,  f o r  s p e c l e s  h a v i n g  m a s s - t o - c h a r g e  r a t l o s  f r o m  1 
t o  2 0 ,  a s  a f u n c t i o n  o f  l a t i t u d e ,  l o n g i t u d e ,  t l m e  o f  day ,  
s e a s o n ,  a n d  s p e c l a l  e v e n t s  s u c h  a s  s o l a r  f l a r e s  a n d  m a g n e t l c  
s t o r m s .  I o n  c o n c e n t r a t i o n s  f r o m  f l v e  I o n s  t o  5.E5 l o n s l c c  
c o u l d  b e  m e a s u r e d .  T h e  I n s t r u m e n t a t i o n  c o n s l s t e d  o f  t u 0  mass 
a n a l y z e r  a s s e m b l l e s  p l u s  a p o u e r  s ~ ~ p l y  a n d  c o n t r o l  u n i t  t h a t  
g e n e r a t e d  s u e e p  v o l t a g e s r  o l a s  p o t e n t l a l o t  a n d  s u p p l y  v o l t a g e s .  
E a c h  a n a l y z e r  a s s e m b l y  c o n t a i n e d  a a u a d r u p o l e  m a s s  filter. an 
e l e c t r o n  m u l t i p l l e r r  a n d  e x c l t a t l o n  a n d  d e t e c t i o n  e l e c t r o n l c s .  
T h e  q u a d r u p o l e  r o d s  u e r e  7.62 c m  l o n g  a n d  0.39 c m  i n  d l a m e t e r .  
T h e  e l e c t r o n  m u l t l p l i e r  b r o u g h t  i o n  c u r r e n t s  t o  v a l u e s  g r e a t e r  
t h a n  1 .E-12 Ar  a n d  a n  e l e c t r o m e t e r  a m p l l f l e r  c o n v e r t e d  o u t p u t  
c u r r e n t s  t o  v o l t a g e s  s u i t a b l e  f o r  t e l e m e t r y .  T h e  m a s s  f i l t e r  
u a s  o p e r a t e d  a t  7 4.12, u l t h  t h e  p e a k  r a d l o  f r e q u e n c y  v o l t a g e  
a c r o s s  t h e  r o d s  a t  3 6 5  V. T h e  I M S  e x p e r l m e n t  f a i l e d  d u r i n g  t h e  
p e r l o d  o f  F e b r u a r y  2 a n d  3 1  1 9 6 9 .  

B I B L I O G Q A P i V  
9 4 4  

I N W E S T I G L T I O N  NAME- C Y L I N D R I C A L  ELECTROSTATIC PROBES 

NSSDC I D -  6 9 - 0 0 9 A - 0 7  

PERSONNEL 
P I  - L.H. BRACE 
01 - J.A. F I N D L A V  

INVEST I G A T I V  I P905RPM 
CODE EEICO-OPI SCIENCE 

I N V E S T I G A T 1 3 V  D I S C I P L I N E ( S )  
IONOSPHERES 
AERONOMY 

NASA -GSF C 
NASA-GSFC 

B R I E F  DESCRIPTION 
The p u r p o s e  o f  t h l s  e x p e r l m e n t  was t o  s t u d y  t h e  g l o b a l  

v a r l a t i o n s  o f  e l e c t r o n  t e m p e r a t u r e  a n d  e l e c t r o n  c o n c e n t r a t i o n  
a t  S I C  a l t l t u d e s  d u r i n g  s o l a r  m a x l m u m t  a n d  t o  s t u d y  
c h a r a c t e r l s t l c s  o f  t h e  S I C  i o n  s h e a t h .  T h e  m e a s u r e m e n t s  u e r e  
made u i t h  t u 0  c y l l n d r l c a l  p r o b e s ,  o p e r a t l n g  a s  L a n g m u l r  p r o b e s .  
T h e r e  u e r e  a boom p r o b e  a n d  a n  a x l a l  p r o b e .  T h e  a x l a l  p r o b e  
e x t e n d e d  48.3 cm f r o m  t h e  S I C ,  a l o n g  t h e  s p i n  a x i s r  a n d  was 
c e n t e r e d  a m o n g  t h e  f o u r  t e l e m e t r y  a n t e n n a s  o n  t h e  u n d e r s i d e  o f  
t h e  SIC.  T h l s  p r o b e  u a s  c a p a b l e  o f  m e a s u r e m e n t s  u n d l s t u r b e d  b y  
t h e  s a t e l l i t e  m o t i o n  o n l y  w h e n  t h e  p r o b e  p r e c e d e d  t h e  S I C  i n  
i t s  m o t l o n  t h r o u g h  t h e  p l a s m a .  T h e  boom p r o b e  e x t e n d e d  
h o r l z o n t a l l y  a n d  o u t u a r d  ( I n  S I C  f r a m e  o f  r e f e r e n c e )  f r o m  a 
boom 1 m l o n g ,  u h i c h  i n  t u r n  e x t e n d e d  f r o m  a n  u p p e r  s u r f a c e  o f  
t h e  S I C  a t  a n  a n g l e  o f  a b o u t  4 5  d e g  t o  t h e  s p l n  a x i s .  T h l s  
p r o b e  P r o v l d e d  some o b s e r v a t i o n s  d u r i n g  e a c h  S I C  s p l n  c y c l e  
t h a t  u e r e  f r e e  o f  S I C  u a k e  e f f e c t s .  T h e  p r o b e s  c o n s i s t e d  o f  
t h r e e  c o n c e n t r i c t  e l e c t r i c a l l y  I s o l a t e d ,  s t a l n l e s s  s t e e l  t u b e s .  
T h e  o u t e r  10 .24-cm d l a m  a n d  2 3 - c m  l o n g )  t u b e  f l o a t e d  a t  i t s  o u n  
e a u i l i b r i u m  o o t e n t l a l  a n d  s e r v e d  t o  p l a c e  t h e  c o l l e c t o r  u e l l  
away f r o m  t h e  S I C  p l a s m a  s h e a t h .  T h e  m i d d l e  t u b e  (0 .165-cm 
d l a m )  e x t e n d i n g  2 3  cm o u t u a r d  f r o m  t h e  o u t e r  t u b e  a c t e d  a s  an 
e l e c t r l c a l  g u a r d  f o r  t h e  c o l l e c t o r .  I t s  e l e c t r l c a l  p o t e n t l a l  
u a s  c o n t r o l l e d .  T h e  c o l l e c t o r  (0 .058-cm d i a m )  e x t e n d e d  23  cm 
o u t u a r d  f r o m  t h e  d r i v e n  g u a r d .  D u r l n g  e a c h  2 - m i n  s e q u e n c e r  a 
v o l t - a m p e r e  c u r v e  u a s  o b t a i n e d  f r o m  t h e  s a u t o o t h  v o l t a g e  1 - 2  t o  
* 1 0  V )  applied t o  t h e  c o l l e c t o r .  T h l s  was I n t e r p r e t e d  I n  
e l e c t r o n  d e n s l t i e s  o v e r  a r a n g e  f r o m  1.E2 t o  1.5E6 e l e c t r o n s  
p e r  c c ,  a n d  t e m p e r a t u r e s  f r o m  a b o u t  4 0 0  t o  5.E4 d e g  K. NSSDC 
h a s  a l l  t h e  u s e f u l  d a t a  t h a t  e x i s t  f r o m  t h l s  I n v e s t i g a t l o n .  

B IBLIOGRAPHY 
1 0 6  1 1 0  1 2 9  1 3 0  1 3 1  1 3 2  2 0 8  4 4 5  4 5 5  5 1 8  
5 3 4  573 5 7 4  5+3 676  7 6 5  7 8 1  3 4 4  9 4 5  9 5 0  

I N V E S T I G A T I O N  NAME- SPHERICAL ELECTROSTATIC ANALYZER 

NSSDC I D -  6 9 - 0 0 9 A - 0 8  I N  VEST I G A T I VE PROGRAM 
CODE EEICJ-OP,  S C I E N C l  

I N V E S T I G A T I O N  D I S C I P L I N E ( S )  
IONOSPHERES 

A E R ~ N O Y V  

PERSONNEL 
P I  - R.C. SAGALYN 
0 1  - M .  SMIDDY 

USAF GEOPHVS LAB 
USA’ GEOPHVS LAB 

B R I E F  DESCRIPTION 
T h e  o b j e c t l v e  o f  t h e  S p h e r l c a t  e l e c t r o s t a t i c  a n a l y z e r  

e x p e r l m e n t  u a s  t o  m c a s u r e  t h e  t e m p o r a l  a n d  s p a t l a l  v a r i a t i o n s  
i n  t h e  c o n c e n t r a t i o n  a n d  e n e r g y  d l s t r l b u t i o n  o f  t h e  c h a r g e d  
p a r t i c l e s  t h r o u g h o u t  t h e  o r b l t .  Specifically, t h e  o b j e c t l v e o  
u e r e  t o  m e a s u r e  t h e  f o l l o u i n g  p a r a m e t e r s :  (1) t h e  d e n s l t y  o f  
p o s i t i v e  i o n s  h s v l n p  t h e r m a l  e n e r g y  i n  t h e  c o n c e n t r a t l o n  r a n g e  
f r o m  1 . E l  t o  1.E6 i o n s  p e r  c c ,  1 2 )  t h e  k i n e t i c  t e m p e r a t u r e  o f  
t h e  t h e r m a l  i o n s  I n  t h e  r a n g e  f r o m  7 0 0  t o  4000  d e g  K ,  ( 3 )  t h e  
f l u x  a n d  e n e r g y  s p e c t r u m  o f  p r o t o n s  i n  t h e  r a n g e  f r o m  0 t o  2 
k e V 9  a n d  1 4 )  t h e  s a t e l l l t e  p o t e n t l a l  u l t h  r e s p e c t  t o  t h e  
u n d l s t u r b e d  p l a s m a .  Two u n i t s  made UP t h e  e x p e r l m e n t  p a c k a g e :  
a 9 6 - c m  boom t h a t  s u p p o r t e d  t h e  s e n s o r  a n d  made p o s s i b l e  
o m n i d i r e c t l o n a l  m e a s u r e m e n t s r  a n d  a n  e l e c t r o n i c s  p a c k a g e  



( c o n s l d e r e d  t o  I n c l u d e  t h e  s e n s o r )  t o  p e r f o r m  t h e  m e a s u r e m e n t s  
a n d  t o  ~ r o c e s s  t h e  d a t a  I n t o  a s u l t a b l e  f o r n  f 3 r  t e l e n e t r y .  
T h e  s e n s o r  was made UP o f  t h r e e  c o n c e n t r i c  s p h e r l c a l  m e s h e d  
g r i d s  h a v i n g  r a d 3 1  o f  3.189 2 - 5 9 ,  a n d  1.90 cm. T h e  I n n e r m o s t  
g r i d  was t h e  C o l l e C t O r .  T h e s e  g r i d s  w e r e  n a d s  f r o m  t u n g s t e n  
mesh a n d  h a d  a t r a n s p a r e n c y  o f  8 0  t o  90%. T O  m e a s u r e  t h e  
p a r a m e t e r s  l l s t e d  a b o v e ,  s u i t a b l e  s u e e p  a n d  s t e p  v o l t a g e s  w e r e  
a p p l l e d  t o  t h e  g r i d s .  T h i s  l n s t r u m e n t  was o p e r a t e d  i n  s e v e r a l  
modes. T h e  i o n  d e n s i t i e s  w e r e  s a n p l e d  6 0  t i n e s  a s e c o n d r  
c o r r e s p o n d i n g  t o  a s p a t i a l  r e s o l u t i o n  o f  150  m. Once p e r  
m i n u t e  t h e  r a t i o  O f  m a s s  t o  t e m p e r a t u r e  w a s  s a m p l e d ,  a n d  t h e  
e n e r g y  d l s t r l b u t i o n  was s a m p l e d  o n c e  e v e r y  2 mln.  N S S C  h a s  
a l l  t h e  u s e f u l  d a t a  t h a t  e x l s t  f r o n  t h l s  I n v e s t i g s t i o n .  

B IBLIOGRAPHY 
1 9  20  2 1  1 4 9  1 5 0  2 3 1  2 6 9  7 4 8  7 9 5  1 9 6  

9 4 4  9 4 8  9 4 9  
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I N V E S T I G A T I O N  NAME- RADIO BEACON 

NSSOC I D -  6 9 - 0 0 9 A - 0 9  I N V E S T I G A T I V E  PROGRAY 
CODE EEICO-OPI SCIENCE 

I N V E S T I G A T I O N  O I S C I P L I N E ( S )  
IONOSPHERES AND R A 3 I O  PHYSICS 

PERSONNEL 
P I  - P.A. FORSYTH 
0 1  - G.F. LYON 
0 1  - E.H. TULL 

WESTERN ONTARIO U 
UESTERN O V T A R I O  U 
UESTERN O N T A R I O  U 

B R I E F  OESCRIPTION 
T h i s  e x p e r l m e n t  * a s  d e v i s e d  t o  s t u d y  t n e  l o n o s o h e r i c  

I r r e g u l a r i t i e s  g i v i n g  s p e c i a l  a t t e n t i o n  t o  t h e  d i s t u r b e d  
I o n o s p h e r i c  c o n d l t l o n s .  B e a c o n  t r a n s m i t t e r s  a b o a r d  t h e  
s a t e l l i t e  r a d i a t e d  p o l a r l z e d  r a d i o  e m l s s l o n s  o n  command, a t  
1 3 6 . 4 1  a n d  137.95 MHz. T h e  s i g n a l  o o l a r i z a t i o n r  t h e  a m p l i t u d e  
o f  t h e  s l g n a l ,  t h e  r e l a t l v e  p h a s e  o f  t h e  s i g n a l r  a n d  t h e  
i n c i d e n t  d i r e c t l o n  o f  t h e  s l g n a l  w e r e  o b s e r v e d  f r o m  g r o u n d  
s t a t i o n s .  C o i n c i d e n t  o b s e r v a t i o n s  m e r e  made a t  s t a t l o n s  a b o u t  
1 0 0  w a v e l e n g t h s  a p a r t .  F r o m  k n o w n  s p a c e c r a f t  p o s i t r o n  
I n f o r m a t i o n  a n d  t h e s e  o b s e r v a t i o n s ,  I o n o s p h e r i c  i r r e g u l a r i t l e s  
c o u l d  b e  a l m o s t  c o m p l e t e l y  d e s c r i b e d  I n  t e r m s  o f  h e i g h t ,  
h o r i z o n t a l  s i r e  a n d  s h a p e ,  e l e c t r o n  p e a k  c o n c e l t r a t i o n r  a n d  
r a d i a l  d i s t r i b u t i o n  o f  e l e c t r o n s .  An i m p o r t a n t  p a r t  o f  t h e s e  
d c s e r l p t l o n s  * a s  t o  o r i g i n a t e  f r o m  t h e  c o m p u t e d  v a l u e s  o f  t o t a l  
e l e c t r o n  c o n t e n t  ( T E C )  o b t a l n e d  p r i m a r l l y  f r o m  t h e  o o l a r i z a t i o n  
a n d  p h a s e  o b s e r v a t i o n s .  

B IBLIOGRAPHY 
234  352  3 5 3  3 5 4  3 5 5  1 3 4  

_ _ _ _ _ _ _  I S I S  1, HARTZ------------------------------------------ 

I N V E S T I G A T I O N  NAME- COSMIC R A O I O  NOISE 

NSSDC I O -  6 9 - 0 0 9 A - 1 0  I N V E S T I G A T I V E  PROGRAM 
CODE EE/CO-OP? SCIENCE 

I N V E S T I G A T I O N  D I S C I P L I N E ( S )  
ASTRONOMY 
IONOSPHERES AN0 R A O I O  PHYSICS 

PERSONNEL 
P I  - 1 . R .  HARTZ(RET1RED)  DOC-CRC 

B R I E F  DE SC R I PT ION 
T h i s  e x p e r l m e n t  u s e d  t h e  s w e e p - f r e q u e n c y  l o n o s o n d e  

r e c e i v e r  a u t o m a t i c  g a i n  c o n t r o l  v o l t a g e  t o  m e a s u r e  g a l a c t i c  a n d  
s o l a r  r a d i o  n o l s e  l e u c l s .  T h e  r e c e i v e r  s w e p t  f r o m  0.1 t o  2 0  
M H z .  T h e  d y n a m i c  r a n g e  was 5 0  d B t  a n d  t h e  b a n d w i d t h  was 55  
kHr .  T h e  a n t e n n a s  u s e d  w e r e  18.7-m a n d  7 3 - m  d i p o l e s .  

B IBLIOGRAPHY 
2 3  3 7 6  3 7 7  4 4 5  4 4 6  4 5 1  4 5 4  9 4 4  

SPACECRAFT COMMON NAME- I S I S  2 
ALTERNATE NAMES- I S I S - 8 ,  PL-7O1F 

0 5 1 0 4  

NSSDC I O -  7 1 - 0 2 4 A  

LAUNCH DATE- 0 4 / 0 1 / 7 1  UEIGHT-  256.  KG 
LAUNCH S I T E -  VANDENBERG A F B t  U N I T E 0  STATES 
LAUNCH VEHICLE-  DELTA 

SPONSORING COUNTRY/AGENCY 
CANADA DOC-CRC 
U N I T E D  STATES NASA-OSSA 
JAPAN RRL 

I N I T I A L  O R B I T  PARAMETERS 
ORBIT TYPE- GEOCENTRIC EPOCH DATE- 0 4 / 0 2 / 7 1  
ORBIT PERIOD-  113.6 M I N  I N C L I N A T I O N -  88.1 DEG 
P E R I A P S I S -  1 3 5 8 .  K M  ALT APOAPSIS-  1 4 2 8 .  K M  ALT 

PERSONNEL 
PM - C.A. F R A V < L I V  
PM - L.H. BRACE 
PS - L.H. BRACE 
PS - T.R.  H A R T Z ( R I T 1 R E D )  
PS - J.E. J A C K S O N  

3oc-:i(c 
NASA-GSFC 
NASA-GSFC 
D O C - C R C  
VASA-JS'C 

B R I E F  OESCRIPTION 
I S I S  2 n a s  a n  i o n o s p h e r ~ c  o b s e r v a t o r y  I n s t r u m e n t e d  w i t h  a 

s u e e p -  a n d  a f i x e d - f r e q u e n c y  i o n o s o n d e r  a VLF r e c e i v e r .  
e n e r g e t i c  a n d  s o f t  p a r t i c l e  d e t e c t o r s ,  a n  I o n  mass  
s p e c t r o m e t e r r  a n  e l e c t r o s t a t i c  p r o b e r  a r e t a r d i n g  p o t e n t i a l  
a n a l y z e r ,  a b e a c o n  t r a n s m l t t e r r  a c o s m l c  n o i s e  e x p e r l m e n t r  a n d  
t w o  p h o t o m e t e r s .  T n o  l o n g  c r o s s e d - d i p o l e  a n t e n n a s  ( 7 3  a n d  18.7 
m )  H e r e  u s e d  f o r  t h e  s o u n d i n g ,  VLFI a n d  c o s m i c  n o i s e  
e x p e r i m e n t s .  T h e  S D a c e c r a f t  n a s  s p i n - s t a b l l i r e d  t o  a b o u t  2 rpm 
a f t e r  a n t e n n a  d e o l o y m e n t .  T h e r e  w e r e  t w o  b a s i c  o r i e n t a t i o n  
m o d e s  f o r  t h e  S p a c e c r a f t ,  c a r t w h e e l  a n d  o r b l t - a l i g n e d .  The 
s p a c e c r a f t  o p e r a t e d  a p p r o x i m a t e l y  t h e  same l e n g t h  o f  t i m e  i n  
e a c h  mode, r e m a i n i n g  i n  o n e  mode t y p i c a l l y  3 t o  5 m o n t h s .  The 
c a r t w h e e l  mode n l t h  t h e  a x i s  p e r p e n d i c u l a r  t o  t h e  o r b i t  p l a n e  
was made a v a i l a b l e  t o  p r o v i d e  r a m  a n d  w a k e  d a t a  f o r  some 
e x p e r i m e n t s  f o r  e a c h  s p l n  p e r i o d ,  r a t h e r  t h a n  f o r  e a c h  o r b l t  
p e r i o d .  A t t i t u d e  a n d  s p i n  i n f o r m a t i o n  n a s  o b t a l n e d  f r o m  a 
t h r e e - a x i s  m a g n e t o m e t e r  a n d  a s u n  s e n s o r .  : o n t r o t  o f  a t t i t u d e  
a n d  s p l n  was p o s s i b l e  b y  means o f  m a g n e t i c  t o r q u i n g .  The 
e x p e r l m e n t  p a c k a g e  a l s o  i n c l u d e d  a p r o g r a m m a b l e  t a p e  r e c o r d e r  
w i t h  a I - h  c a p a c i t y .  F o r  n o n r e c o r d e d  o b s e r v a t i o n s t  d a t a  f r o m  
s a t e l l i t e  a n d  s u b s a t e l l i t e  r e g i o n s  n e r e  t e l e m e t e r e d  w h e n  t h e  
s p a c e c r a f t  was i n  t h e  l i n e  o f  s l g h t  o f  a t e l e m e t r y  s t a t i o n .  
T e l e m e t r y  s t a t i o n s  m e r e  l o c a t e d  s o  t h a t  p r i m a r y  d a t a  c o v e r a g e  
was n e a r  t h e  8 0 - d e g - U  m e r i d i a n  a n d  n e a r  H a n a i l ,  S i n g a p o r e ?  
A u s t r a l l a ,  E n g l a n d ,  F r a n c e ,  Y o r n a y r  I n d i a ,  J a p a n ,  A n t a r c t i c a .  
New Z e a l a n d r  a n d  C e n t r a l  A f r i c a .  NASA s u p p o r t  o f  t h e  I S I S  
p r o j e c t  was t e r m i n a t e d  o n  O c t o b e r  I r  1979 .  A s l g n i f i c a n t  
a m o u n t  o f  e x p e r l m e n t a l  d a t a ,  h o w e v e r .  was  a c q u i r e d  a f t e r  t h i s  
d a t e  b y  t h e  C a n a d i a n  p r o l e c t  t e a m .  ISIS 2 o p e r a t i o n s  n e r e  
t e r m i n a t e d  I n  C a n a d a  o n  M a r c h  99 1 9 8 4 .  T h e  R a d i o  R e s e a r c h  
L a b o r a t o r l e s  ( T o k y o ,  J a p a n )  t h e n  r e q u e s t e d  a n d  r e c e i v e d  
p e r m i s s i o n  t o  r e a c t i v a t e  I S I S  2. R e g u l a r  I S I S  2 o p e r a t i o n s  
n e r e  s t a r t e d  f r o m  K a s h i m a g  J a p a n ,  I n  e a r l y  A u g u s t  1 9 8 4 .  

B I B L I O S ? A P d Y  
2 7  1 5 8  2 2 4  3 0 9  3 1 1  381 4 4 6  5 0 8  5 2 6  5 3 7  

6 3 2  6 7 9  1 5 6  8 2 8  8 3 2  9 0 6  9 0 9  

------- I S I S  2, UHITTEKER--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- SUEEP-FREQUENCY SOUNDER 

NSSDC I D -  7 1 - 0 2 4 A - 0 1  I N V E S T I G A T I V E  PROGRAM 
CODE EE/CO-OPI SCIENCE 

I Y V E S T I G P T I 3 Y  D I S T I P L I U I ( S )  
IONOSPHERES AN0 R A O I O  PHYSICS 

PERSONNEL 
P I  - J.H. 
0 1  - J. 
0 1  - M. 
0 1  - 0. 
0 1  - Y. 
0 1  - R. 
0 1  - J.E. 
0 1  - R.B.  
0 1  - K.L. 
0 1  - R.S. 

U H I  TTEKIR 
TURNER 
S Y L V A I N  
HOLT 
O G A T A  
RAGHAVARAO 
JACKSON 
NORTON 
C H A V  
UNU I N  

DOC-CRC 
ION5SJH:RI: PR53 S Z R V  
LGE 
AURORAL OBS 
?AD13 R T S E P R C i  L A B  
PHYSICAL RESEARCH L A 8  
NASA-GSF C 
NOAA-ERL 
\ A S P - A R E  
DEPT OF S C I * I N O U S T  RES 

B R I E F  D E S C R I P T I O N  
The p u r p o s e  o f  t h l s  e x p e r i m e n t  was t o  m e a s u r e  t h e  

i o n o s p h e r i c  e l e c t r o n  d e n s l t y  i n  t h e  a l t i t u d e  r a n g e  3 0 0  t o  1 4 0 0  
km. A n o t h e r  I m p o r t a n t  f u n c t i o n  o f  t h e  s o u n d e r  was t o  p r o v l d e  
c o r r e l a t i v e  d a t a  f o r  t h e  o t h e r  I S I S  2 e x p e r i m e n t s ,  p a r t l c u l a r l y  
t h o s e  m e a s u r f n g  i o n o s p h e r i c  p a r a m e t e r s .  The ISIS 2 l o n o s o n d e  
n a s  a r a d l o  t r a n s m i t t e r  t h a t  r e c o r d e d  t h e  t i m e  d e l a y  b e t w e e n  a 
t r a n s m i t t e d  a n d  r e t u r n e d  r a d i o - f r e q u e n c y  p u l s e .  A c o n t i n u u m  o f  
f r e q u e n c i e s  ~ e t n e e n  0.1 a n d  2 0  Y 4 z  was s a m p l e d  e v e r y  I +  o r  2 1  
s, a n d  o n e  o f  s i x  s e l e c t e d  f r e q u e n c i e s  nas a l s o  u s e d  f o r  
s o u n d i n g  f o r  a few  s e c o n d s  d u r i n g  e a c h  1 4 -  o r  21-s p e r l o d .  I n  
a d d i t i o n  t o  t h e  s w e e p -  a n d  f i x e d - f r e q u e n c y  m o d e s  o f  o p e r a t l o n .  
a m i x e d  mode was a v i i l a b l e  i n  n h l c h  t h e  t r a n s m i t t e r  f r e q u e n c y  
was f i x e d  a t  o n e  o f  s i x  p o s s l b l e  f r e q u e n c i e s  u h l l e  t h e  r e c e l v e r  
s w e p t .  S e v e r a l  v i r t u a l - r a n g e  ( d e l a y - t i m e )  t r a c e s  r e s u l t l n g  
f r o m  g r o u n d  r e f l e c t i o n s .  p l a s m a  r e s o n a n c e s ,  b i r e f r i n g e n c e  o f  
t h e  i o n o s p h e r e +  n o n v e r t i c a l  p r o p a g a t i o n r  e t c . 9  w e r e  n o r m a l l y  
o b s e r v e d .  V i r t u a l  r a n g e  a t  a g i v e n  f r e q u e n c y  was p r l m a r i l y  a 
function o f  d i s t a n c e  t r a v e r s e d  b y  t h e  s i g n a l ,  e l e c t r o n  d e n s l t y  
a l o n g  t h e  p r o p a g a t i o n  p a t h ,  a n d  mode o f  p r o p a g a t l o n .  The 
s t a n d a r d  d a t a  f o r m a t  was a n  t o n o g r a m  ( g r a p h )  s h o w l n g  v i r t u a l  
r a n g e  a s  a f u n c t i o n  o f  r a d i o  f r e q u e n c y .  

S I B L I O G I A P 3 Y  
2 3  28  1 0 0  1 3 3  1 4 4  1 4 8  1 5 8  1 8 1  1 8 2  2 6 2  

3 1 4  3 3 8  3 4 3  3 5 6  4 1 6  4 2 6  4 3 1  4 4 4  4 4 7  4 4 8  
4 4 9  450  4 5 2  P 5 3  e 8 0  5 0 5  509  5 1 5  5 1 1  5 4 2  
5 8 1  5 9 4  6 0 1  6 3 1  6 3 9  6 5 2  6 6 9  6 1 3  6 1 4  6 7 5  
6 7 8  6 7 9  7 2 0  7 3 3  7 5 1  1 5 2  7 5 3  1 6 2  1 6 3  7 1 1  
7 8 4  7 8 5  7 0 8  7 8 9  7 9 0  8 1 6  0 2 1  8 2 8  8 3 2  8 3 5  
8 3 6  8 6 1  8 8 1  9 3 0  9 1 8  9 4 2  9 4 3  3 4 5  9 4 5  

38  



------- I S I S  2, CdLVERT- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- FIXED-FREQUENCY SOUNDER 

V S S D C  I D -  7 1 - 0 2 4 A - 0 2  I V V E S T I G A T I V E  PROGRAY 
CODE EEICO-OPv SCIENCE 

I N V E S T I G A T I O N  O I S C I P L I N E ( S )  
IONOSPHERES A N D  ?p i310 PHYSICS 

I PERSONNEL 

1 0 1  - R.9 .  NORTON 
1 01 - J.H. WHITTEKER 
1 0 1  - J.M. U A R N O C K  

P I  - W .  CALVERT U OF I O U A  
NOAA-ERL 
D O C - C R C  
NOAA 

3 R I E F  DESCRIPTION 
T h i s  e x p e r i m e n t  was d e s i g n e d  t o  s t u d y  i o n o s p h e r i c  

f e a t u r e s  o f  a s m a l l e r  s c a l e  t h a n  c o u l d  De d e t e c t e d  b y  t h e  s # e e P  
s o u n d e r  a n d  t o  s t u d y  s tas113 r e s o n a n c e s .  P a r a m ? t e r s  m e a s u r e d  
w e r e  v i r t u a l  r a n g e  ( a  f u n c t i o n  o f  p r o p a g a t i o n  t i m e  o f  t h e  
p u l s e )  a n d  t i m e .  T h e s e  d a t a  n e r e  n o r m a l l y  o b s e r v e d  o n l y  u h e n  
t h e  s p a c e c r a f t  was i n  r a n g e  o f  a t e l e m e t r y  s t a t i o n .  T h e  
f i x e d - f r e q u e n c y  s o u n d e r  o s e r a t e d  f r o m  t h e  s3me a n t e n n a ,  
t r a n s m i t t e r ,  a n d  r e c e i v e r  u s e d  f o r  t h e  s n e e p - f r e q u e n c y  
e x p e r i m e n t .  I t  n o r m a l l y  o p e r a t e d  f o r  3 t o  5 s d u r i n g  t h e  
f r e q u e n c y  f l y o a c k  p e r i o d  o f  t h e  s u e e ~ - f r e q u e n c y  o p e r a t i o n  w h i c h  
was e v e r y  1 4  o r  2 1  S. One o f  s i x  f r e q u e n c i e s  (0.12, 0.48. 
1.00. 1.95. 4.00. o r  9.303 M H z )  n a s  c h o s e n  f o r  u s e  b y  t h e  
e x p e r i m e n t e r .  a s  d e s i r e d .  O t h e r  modes  o f  o p e r a t i o n  m e r e  
a v a i l a b l e ,  i i c l u d i n g  c o n t i n J o u s  o b s e r v a t i o n  3 t  a s e l e c t e d  
f r e q u e i c y  a n d  a s p e c i a l  m i x e d  mode w i t h  t r a n s m i s s i o n  a t  a 
s e l e c t e d  o n e  o f  t h e  s i x  f i x e d  f r e q u e n c i e s  a n d  Sweep  r e c e p t i o n .  

I B I3L IOGRAPHY 1 1 0 0  4 3 2  4 4 8  4 4 9  4 5 0  8 3 1  

VSSDC I D -  7 1 - 0 2 4 A - 0 3  I N V E S T I G A T I V E  PROGRAM 
CODE EE/CO-OP, SCIEUCE 

I N V E S T I G A T I O N  D I S C I P L I N E ( S )  
IONOSPHERES A N D  RADIO PHYSICS 

PERSONNEL 
P I  - R.E. BARRINGTON 
01 ~ F.H. P A L M E R  
0 1  - n.s. JAMES 

D O C - C R C  
DEFENCE RESEARCH ESTAB 
D O C - C R C  

B R I E F  DESCRIPTION 
T h e  p u r p o s e  o f  t h i s  e x p e r i m e n t  was t o  s t u d y  n a t u r a l  a n d  

n a n - m a d e  VL: s i g n a l s .  S , e c i f i c  o b j e c t i v e s  i n c l u d e d  t h e  
i n v e s t i g a t i o n  o f  VLF p r o p a g a t i o n  p h e n o m e n a ,  i o n  a n d  h y b r i d  
P l a s m a  r e s o n a n c e s ,  a n d  c o r r e l a t i o n s  b e t w e e n  VLF e m i s s i o n s  a n d  
i n t e n s e  f l u x e s  o f  e n e r g e t i c  p a r t i c l e s .  I n  t h i s  e x p e r i m e n t  a 
s w e e p - f r e q u e n c y  e x c i t e r ,  c o w e r i n g  t h e  r a n g e  f r o n  1 5  k H z  down t o  
0.05 kHz i n  1.0 s *  n a s  u s e d  t o  s t i m u l a t e  i o n  r e s o n a n c e s  i n  t h e  
p l a s m a .  T h e  i n s t r u m e n t a t i o n  c o n s i s t e d  o f  a l o w - f r e q u e n c y  
o r o a d b a n d  r e c e i v e r  t h a t  o b s e r v e d  s i g n a l s  f r o m  t h e  73-m l o n g  
d i p o l e  ( s p l i t  m o n o p o l e )  a n t e n n a  b e t m e e n  0 . 0 5  a n d  3 0  kHz.  T h i s  
same a n t e n n a  n a s  u s e d  f o r  r e c e i v i n g  s i g n a l s  b e l o w  5 MHz o n  t h e  
i o n o s o n d e .  T h e  VLF r e c e i v e r  h a d  a m i d e  d y n a m i c  r a n g e  t h a t  was  
a c h i e v e d  b y  u s e  o f  a i  a d t o m a t i c  3 a i n  c o n t r 3 1  s y s t e m .  T h e  
e x p e r i m e n t  a l s o  p e r m i t t e d  a n t e n n a  i m p e d a n c e  m e a s u r e m e n t s ,  w i t h  
o r  w i t h o u t  a dc  b i a s  o n  t h e  a n t e n n a .  T h e  r e a l - t i m e  d a t a  n e r e  
t r a n s m i t t e d  o n  136 .08 -MHz  t e l e m e t r y .  The VLF d a t a  c o u l d  b e  
r e c o r d e d  o n  o n e  o f  t h e  f o d r  t a 3 e - r e c o r d e r  c h s n i e l s  when t h e  
S p a c e c r a f t  t a p e - r e c o r d e r  was o p e r a t i n g .  T a p e - r e c o r d e d  a n d  
b a c k u p  r e a l - t i m e  d a t a  n e r e  t r a n s m i t t e d  o n  4 0 0 - M H z  t e l e m e t r y .  

BIBLIOGRAPHY 
8 6  8 7  8 8  1 5 8  2 6 8  2 7 3  3 6 3  3 6 4  4 1 7  4 1 9  

4 2 0  4 2 2  4 4 7  5 0 8  5 2 2  5 2 3  5 7 0  6 7 9  6 9 0  7 1 5  
7 1 8  7 1 9  7 2 0  7 2 1  7 2 2  7 2 3  7 3 3  8 2 8  8 3 6  8 8 1  
8 8 2  9 2 1  930  9 3 1  

MAGNETOSPHERIC PHYSICS 
PARTICLES AND F I E L 3 S  

PERSONNEL 
P I  - 1.B. MCDIARMID 
01  - J.R. BURROWS 

NATL RES COUNC OF CAN 
NATL R E S  :OUNC OF CAN 

B R I E F  DESCRIPTION 
T h e  o b j e c t i v e s  o f  t h e  e n e r g e t i c  p a r t i c l e  e x p e r i m e n t  w e r e  

t o  p r o v i d e  d a t a  t h a t  n o J l d  a i d  i n  t h e  u n d e r s t a n d i i g  o f  (1) t h e  
m e c h a n i s m s  r e s p o n s i b l e  f o r  t h e  p r o d u c t l o n  a n d  c o n t r o l  o f  t h e  
o u t e r  r a d i a t i o n  z o n e ,  ( 2 )  t h e  r e l a t e d  p r o b l e m  o f  s o l a r - f l a r e  
i a r t i c l e  e n t r y  I n t o  t h e  e a r t h ' s  m a g n e t i c  f i e l d ,  a n d  ( 3 )  
I n t e r a c t i o n s  b e t w e e n  t h e  e a r t h ' s  m a g n e t o s p h e r e  a n d  t h e  s o l a r  
n i n d .  T h i s  e x p e r i m e n t  c o n s i s t e d  o f  f o u r  s e t s  o f  d e t e c t o r s .  

ORIGINAL PAGE rs 
POOR QUALITY 

T h e  f i r s t  s e t  c o n s i s t e d  o f  t h r e e  G e i g e r  c o u n t e r s  t o n e  o f  w h i c h  
f a i l e d  a f t e r  l a u n c h )  3 n d  m e a s u r e d  e l e c t r o n s  g r e a t e r  t h a n  2 0  a n d  
4 0  keV p e r p e n d i c u l a r  a n d  p a r a l l e l  t o  t h e  s p i n  a x i s .  T h e s e  
G e i g e r  c o u n t e r s  w e r e  a l s o  s e n s i t i v e  t o  p r o t o n s  w i t h  e n e r g i e s  
g r e a t e r  t h a n  2 4 0  a n d  6 0 0  keV, r e s p e c t i v e l y .  A l l  r e m a i n i n g  
d e t e c t o r s  m e a s u r e d  o a r t l c l e s  p e r p e n d i c u l a r  t o  t h e  s p i n  a x i s .  
T h e  s e c o n d  s e t  c o n s i s t e d  o f  t w o  s o l l d - s t a t e r  s i l i c o n - j u n c t i o n  
d e t e c t o r s .  B o t h  d e t e c t o r s  w e r e  o p e r a t e d  i n  L o u -  a n d  
h i g h - t h r e s h o l d  mode, w h i l e  o n e  c o u l d  a d d i t i o n a l l y  b e  S w i t c h e d  
t o  a i o t h e r  d i s c r i m i n e t i o n  l e v e l .  T h e y  m e a s u r e d  e l e c t r o n s  w i t h  
e n e r g i e s  g r e a t e r  t h a n  40, 60,  90. 1 2 0 .  1 5 0 ,  a n d  2 0 0  keV. T h e y  
w e r e  a l s o  s e n s i t i v e  t o  p r o t o n s  w i t h  e n e r g i e s  g r e a t e r  t h a n  1509 
2 0 0 9  a n d  7 5 0  keV. T h e  s w i t c h a b l e  d e t e c t o r  e x p e r i e n c e d  
C o n t i n u o u s  s a t u r a t i o n .  The t h i r d  s e t  c o n s i s t e d  o f  t h r e e  
s i l i c o n - j u n c t i o n  d e t e c t o r s  t h a t  m e a s u r e d  p r o t o n s  i n  t h e  e n e r g y  
r a n g e s  0.8 t o  4.0, 3.2 t o  12.7, a n d  12.9 t o  28.0 MeV, a l p h a  
P a r t i c l e s  i n  t h e  e n e r g y  r a n g e  2.5 t o  16.0 MeV, a n d  e l e c t r o n s  I n  
t h e  e n e r g y  r a n g e  1.0 t o  2.0 MeV. The f o u r t h  s e t  was c o m p o s e d  
O f  t w o  c e s i u m  i o d i d e  s c i n t i l l a t i o n - p h o t o m u l t i p l i e r  s y s t e m s  
( c h a n n e l t r o n s  w i t h  c y l i n d r i c a l  e l e c t r o s t a t i c  a n a l y z e r s )  s t e p p e d  
t h r o u g h  e i g h t  e n e r g i e s  i n  6 4 / 6 0  o f  a s e c o n d .  T h e s e  
d i f f e r e n t i a l  s p e c t r o m e t e r s  m e a s u r e d  e l e c t r o n s  a t  9.6. 7 - 8 9  6 - 0 1  
4.1, 3-01 2.21 1.3, a n d  0.15 k e V t  a n d  m e a s u r e d  p r o t o n s  a t  26.2. 
2 1 - 6 9  17.0,  12 .41  9.4. 7.6, 5.2, a n d  2.2 keV. 

BIBLIOGRAPHY 
1 4 5  1 5 2  1 5 7  1 5 8  2 3 0  3 1 2  3 1 4  4 2 3  4 4 7  5 0 8  
5 1 6  5 5 7  5 6 1  5 8 2  6 0 4  6 2 4  6 2 5  5 2 6  5 2 7  5 2 8  
6 2 9  6 3 1  6 3 2  6 5 2  6 7 9  7 8 3  7 0 5  7 0 6  0 2 7  8 2 8  
8 3 6  8 9 5  9 0 1  9 1 9  9 2 1  9 3 7  9 4 5  9 4 6  9 6 0  

----___ ISIS 2 ,  HEIKKILA--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

INVESTIGATION,  NAME- SOFT-PARTICLE SPECTROMETER 

NSSDC I D -  7 1 - 0 2 4 A - 0 5  I N V E S T I G A T I V E  PROGRAM 
CODE EEICO-OPI SCIENCE 

I Y V I S T I G I T I J U  D I S Z I P L I N C ( S )  
IONOSPHERES 
PARTICLES AND F I E L D S  
AERONOMY 

PERSONNEL 
P I  - U.J. H E I K K I L A  U OF TEXAS, DALLAS 
0 1  - D.M. KLUMPAR U OF TEXAS, DALLAS 

B R I E F  DESCRIPTIOV 
T h e  s o f t - p a r t i c l e  s p e c t r o m e t e r  ( b a s i c a l l y  a n  

e l e c t r o s t a t i c  a n a l y z e r )  was  u s e d  t o  s t u d y  t h e  d i r e c t i o n a l  
i n t e n s i t y  a n d  d i f f e r e n t i a l  e n e r g y  s p e c t r a  o f  i o n s  a n d  e l e c t r o n s  
t o  o i t a i n  a g r e a t e r  u n d e r s t a n d i n g  o f  a u r o r a s ,  g e o m a g n e t i c  
d i s t u r b a n c e s *  a n d  v a r i o u s  i o n o s p h e r i c  f e a t u r e s .  D i f f e r e n t i a l  
e n e r g y  s p e c t r a  w e r e  o b t a i n e d  i n  t h e  e n e r g y  r a n g e  5 eV t o  1 5  keV 
w i t h  a 2 0 %  e n e r g y  r e s o l u t i o n .  T h e  v o l t a g e  s w e e p  p r o g r a m  o f  t h e  
a n a l y z e r  was f l e x i b l e .  T h e  e x p e r i m e n t  w o r k e d  w e l l  f r o m  l a u n c h  
u n t i l  O c t o b e r  1 9 6 9 ,  w h e n  t h e  i o n  p a r t  o f  t h e  e x p e r i m e n t  f a i l e d .  
S u b s e q u e n t l y ,  o n l y  e l e c t r o n  d a t a  w e r e  a c q u i r e d .  NSSDC h a s  a l l  
t h e  u s e f u l  d a t a  t h a t  e x i s t  f r o m  t h i s  i n v e s t i g a t i o n .  

BIBLIOGRAPHY 
2 4  1 4 6  1 4 7  1 5 7  1 5 8  1 8 2  2 3 0  2 4 8  2 5 1  2 6 2  

3 1 2  3 1 3  3 1 5  3 9 1  4 3 4  4 4 6  4 4 7  4 5 3  4 6 4  4 6 0  
4 7 0  5 0 1  5 0 2  5 0 4  505  5 0 6  5 0 7  5 0 8  5 0 9  510 
5 1 6  5 6 1  5 8 2  6 0 4  6 2 6  6 3 1  6 7 9  6 8 9  7 5 2  7 5 4  
7 8 4  7 8 5  7 8 6  7 8 7  8 2 6  8 2 7  8 2 3  8 3 1  8 3 5  835  
8 3 7  8 5 9  8 9 4  8 9 5  9 2 1  939 9 4 2  9 4 5  9 4 6  9 5 5  
9 5 7  958 9 5 9  9 6 4  

-__---- 1 ~ 1 s  2.  HOFFMAN- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I N V E S T I G A T I O N  NAME- ION-MASS SPECTROMETER 

NSSDC I D -  7 1 - 0 2 4 1 - 0 6  I N  VEST I G A T  I V E  PROGRAM 
CODE EE/CD-OPv SCIENCE 

I V V E S T I G P T I J V  D I S : I P L I N E ( S )  
IONOSPHERES 
AERONOMY 

PERSJNNEL 
P I  - J.H. HOFFMAN U 0' TEXAS, J A L L P S  

B R I E F  DESCRIPTION 
The m a g n e t i c  i o n - m a s s  s p e c t r o m e t e r  e x p e r i m e n t  was f l o w n  

t o  m e a s u r e  t h e  d i s t r i b u t i o n  o f  t h e  c o n c e n t r a t i o n s  o f  t h e  
p o s i t i v e  i o n  s p e c i e s  a s  a f u n c t i o n  o f  t i m e  a n d  p o s i t i o n r  w i t h  
p a r t i c u l a r  i n t e r e s t  f o c u s e d  o n  t h e  p o l a r  w i n d  p a r t i c l e s .  The 
i n s t r u m e n t  h a d  t w o  i o n  d e t e c t o r  s y s t e m s ,  a n d  mass  s c a n n i n g  
t h r o u g h  t h e  r a n g e  f r o m  1 t o  6 4  a t o m i c  m a s s  u n i t s  t u )  was 
a c c o m p l i s h e d  i n  t w o  s e c t i o n s ,  1 t o  8 u a n d  8 t o  6 4  U. Two i o n  
b e a m s  e m e r g e d  f r o m  t h e  m a g n e t i c  s e c t o r  o f  t h e  i n s t r u m e n t  a n d  
w e r e  s i m u l t a n e o u s l y  d e t e c t e d  b y  e l e c t r o n  m u l t i p l i e r s  a n d  l o g  
e l e c t r o m e t e r  a m p l i f i e r s .  A c i r c u i t  f o l l o w i n g  e a c h  a m p l i f i e r  
d e t e c t e d  t h e  p e a k  a m p l i t u d e  o f  t h e  i o n  c u r r e n t .  T h i s  p e a k  
v a l u e ,  r a t h e r  t h a n  t h e  e n t i r e  mass  s p e c t r u m ,  was t r a n s m i t t e d  i n  
o r d e r  t o  r e d u c e  t h e  r c q u i r e d  t e l e m e t r y  b a n d w i d t h .  I n  t h i s  mode 
o f  o p e r a t i o n ,  t h e  c o m p l e t e  mass  r a n g e  w a s  s c a n n e d  i n  1 s. A 
b a c k u p  mode was p r o v i d e d  t h a t  p r o d u c e d  a n  a n a l o g  o u t p u t  w i t h  a 
s w e e p  p e r i o d  o f  8 S. T h i s  e x p e r i m e n t  o p e r a t e d  n o m i n a l l y  a f t e r  
l a u n c h  w i t h  m o s t  o f  t h e  d a t a  o b t a i n e d  i n  t h e  p e a k  mode  a n d  
w h i l e  t h e  s a t e l l i t e  o p e r a t e d  i n  t h e  c a r t w h e e l  mode. F o r  a b o u t  

39 



2 m i n  p e r  p a s s  o v e r  O t t a u a r  Canada,  t h e  e x p e r i m e n t  O p e r a t e d  i n  
t h e  a n a l o g  mode. I n f l i g h t  c a l i b r a t i o n  u a s  a c h i e v e d  b y  
c o m p a r i n g  i o n  c o n c e n t r a t i o n  m e a s d r e m e n t s  a t  a o o r o 3 r i a t e  
a l t i t u d e s .  i.e., u h e r e  a s i n g l e  i o n  s p e c i e s  p r e d o m i n a t e d ,  u l t h  
e l e c t r o n  d e n s i t y  d a t a  f r o m  t h e  s o u n d e r  o n  b o a r d .  O t h e r  
c o m p a r i s o n s  u e r e  made b e t d e e n  t h e  s p e c t r o m e t e r  o u t p u t  a n d  
m e a s u r e m e n t s  o b t a i n e d  f r o m  o t h e r  r e l a t e d  e x p e r i m e n t s  o n  b o a r d .  
NSSDC h a s  a l l  t h e  u s e f u l  d a t a  t h a t  e x i s t  f r o m  t h i s  
i n v e s t i g a t i o n .  

BIBLIOGRAPHY 
133 1 3 6  1 5 8  2 0 8  2 2 4  3 1 4  3 1 5  406  407  4 0 8  
410  4 4 7  5 0 8  5 1 9  5 7 5  5 8 1  6 7 9  8 2 8  8 3 1  8 3 5  
8 3 6  8 8 1  8 8 2  9 4 5  

NSSDC I D -  7 1 - 0 2 4 A - 0 1  

PERSONNEL 
P I  - L.H. BRACE 
0 1  - J.A. F I N D L A Y  

I N V E S T I G A T I V E  PROGRAM 
CODE EEICO-OP, SCISVCE 

I N V E S T I G A T I O N  D I S C I P L I N E ( S )  
IONOSPHERES 
AERONOMY 

NASA-GSFC 
NASA-GSFC 

B R I E F  DESCRIPTION 
The p u r p o s e  o f  t h i s  e x p e r i m e n t  u a s  t o  s t u d y  t h e  g l o b a l  

v a r i a t i o n s  o f  e l e c t r o n  t e m p e r a t u r e  a n d  e l e c t r o n  c o n c e n t r a t i o n  
a t  s p a c e c r a f t  a l t i t u d e s  d u r i n g  t h e  w a n i n g  p h a s e  o f  t h e  s o l a r  
c y c l e .  T h e  m e a s u r e m e n t s  u e r e  made u l t h  t w o  c y l i n d r i c a l  p r o b e s  
m o u n t e d  a l o n g  t h e  s p i n  a x i s ,  o n e  a t  e a c h  e n d  o f  t h e  s p a c e c r a f t .  
T h e  s e n s o r s  w e r e  o p e r a t e d  a s  L a n g m u l r  p r o b e s t  d i t h  t h e  p r o b e  
c u r r e n t  b e f n g  m e a s u r e d  a s  a f u n c t i o n  o f  p r o b e  v o l t a g e .  
A l t h o u g h  b a s i c a l l y  t h e  same c y l i n d r i c a l  p r o b e  e x p e r i m e n t  was 
f l o w n  on I S I S  1, t h e  I S I S  2 P r o D e  o r o v i d e d  11) g r e a t e r  
s e n s i t i v i t y  a l l o u l n g  a m o r e  c o m p l e t e  c o v e r a g e  o f  L o u - d e n s i t y  
r e g i o n s  s u c h  a s  t h e  r e g i o n  o v e r  t h e  p o l a r  cap ,  ( 2 )  v e r y  h i g h  
r e s o l u t i o n  o f  p l a s m a  s t r u c t u r e  I d o w n  t o  1 0  m i n  e x t e n t ) ,  a n d  
( 3 )  o n b o a r d  s i g n a l  o r o c e s s i n g  d i t h  b a c k u p  t o  3 r 3 v l d e  d a t a  i n  
t h e  f o r m a t  t h a t  h a d  b e e n  u s e d  f o r  t h e  I S I S  1 e x p e r i m e n t .  NSSDC 
h a s  a l l  t h e  u s e f u l  d a t a  t h a t  e x i s t  f r o m  t h i s  i n v e s t i g a t i o n .  

I BISLIOGRAPHY 
39  1 3 0  1 3 3  1 4 6  1 5 8  2 0 8  2 2 4  2 5 1  3 1 4  4 4 7  

4 7 5  5 0 8  5 1 9  5 7 5  5 8 1  6 4 4  6 5 2  6 7 9  8 2 8  8 3 1  
8 3 2  8 3 5  8 3 6  9 4 5  I 

NSSDC I D -  7 1 - 0 2 4 1 - 0 8  

PERSONNEL 
P I  - E.J. MAIER 
0 1  - B.E. TROY, JR. 
0 1  - J.L. DONLEY 

I N V E S T I G A T I V E  PROGRAM 
CODE E E I C O - O P t  SCIENCE 

I N V E S T I G A T I O N  O I S C I P L I N E I S )  
IONOSPHERES 
AERONOMY 

NASA-GSFC 
U S  NAVAL RESEARCH LAB 
NASA-GSF: 

B R I E F  DESCRIPTION 
T h e  p r i m a r y  o b j e c t i v e  o f  t h i s  e x p e r i m e n t  u a s  t o  m e a s u r e  

t h e  p o s i t i v e  i o n  d e n s i t y ,  c o m o o s l t i o n .  a n d  t e m o e r a t u r e  i n  t h e  
v i c i n i t y  o f  t h e  s p a c e c r a f t .  A s e c o n d a r y  o b j e c t i v e  was t o  
m e a s u r e  t h e  t h e r m a l  e l e c t r o n  d e n s i t y  a n d  t e m p e r a t u r e ,  a n d  t h e  
f l u x  of s u p r a t h e r m a l  e l e c t r o n s .  T h i s  r e t a r d i n g  p o t e n t i a l  
a n a l y z e r  c o n s i s t e d  o f  t h r e e  g r i d s  ( a p e r t u r e  g r i d ,  r e t a r d i n g  
g r i d ,  a n d  s u p p r e s s o r  g r i d )  t h a t  p r o v i d e d  a v o l t - a m p e r e  c u r v e  
r e l a t i n g  s u e e p  v o l t a g e  o n  t h e  r e t a r d i n g  g r i d  t o  c u r r e n t  f l o w  t o  
t h e  c o l l e c t o r .  A n a l y s i s  o f  t h e  v o l t - a m p e r e  c d r v e s  p r o v i d e d  
i o n / e l e c t r o n  t e m p e r a t u r e s  a n d  d e n s i t i e s .  T h i s  e x p e r i m e n t  u a s  
d e s i g n e d  t o  o p e r a t e  o n l y  u l t h  t h e  S a t e l l i t e  i n  a c a r t u h e e l  mode 
o f  o p e r a t i o n .  I n  t h i s  mode, t h e  s p i n  a x i s  u a s  p e r p e n d i c u l a r  t o  
t h e  o r b i t  p l a n e .  T h i s  a l l o u e d  t h e  a n a l y z e r  a o e r t u r e  t 3  f a c e  
t h e  d i r e c t i o n  o f  s a t e l l i t e  m o t i o n  o n c e  e a c h  s p i n  p e r i o d .  NSSDC 
h a s  a l l  t h e  u s e f u l  d a t a  t h a t  e x i s t  f r o m  t h i s  i n v e s t i g a t i o n .  

B IBLIOGRAPHY 
1 5 8  3 1 4  $ 7 5  508 5 7 5  5 8 0  5 8 1  502 6 7 9  8 2 8  
8 3 1  8 3 5  8 9 1  9 4 5  

NSSDC IO- 7 1 - 0 2 4 1 - 0 9  I N V E S T I G A T I V E  PROGRAM 
CODE LE/CO-OP, SCIENCE 

I N V E S T I G A T I O N  
IONOSPHERES 

D I S C I P L I N E ( S )  
AND R A D I O  PHYSICS 

4 0  

PERSONNEL 
P I  - P.A. FORSYTH 
01 - G.F. LY3V 
01 - E.H. TULL 

WESTERN ONTARIO U 
W!STPr(N O N T A R I O  U 
WESTERN ONTARIO U 

B R I E F  DESCRIPTIOY 
A c o n t i n u o u s - w a v e  t r a n s m i t t e r  ( 1 3 7  t o  1 3 8  M H z  b a n d )  

r a d i a t i n g  a b o u t  1 0 0  mu a n d  o p e r a t i n g  i n  c o n J u n c t i o n  u i t h  t h e  
t r a c k i n g  b e a c o n  I 1 3 6  t o  1 3 7  HHr b a n d )  P r o v i d e d  f a c i l l t f e s  f o r  
o b s e r v i n g  s c i n t i l l a t i o n s  f r o m  i r r e g u l a r i t i e s r  d e t e r m i n i n g  
m a g n i t u d e s  a n d  p o s i t i o n s ,  a n d  e v a l u a t i n g  e l e c t r o n  c o n t e n t  
b e t w e e n  g r o u n d  o b s e r v e r  a n d  s a t e l l i t e .  

B I B L I O G S  APHY 
3 5 3  3 5 4  3 5 5  

I N V E S T I G A T I O N  NAME- COSMIC RADIO NOISE 

NSSOC I D -  7 1 - 0 2 4 1 - 1 0  I N V E S T I G A T I V I  P93SRPY 
CODE EEICO-OPI SCIENCE 

I N V E S T I G A T I O N  O I S C I P L I N E ( S )  
ASTRON3YY 
IONOSPHERES AN0 RADIO PHYSICS 

PERSONNEL 
P I  - T . R .  H A R T Z I R I T I R E 3 )  )OC-:RC 

B R I E F  DESCRIPTION 
T h i s  e x p e r i m e n t  u s e d  t h e  s w e e p - f r e q u e n c y  i o n o s o n d e  

r e c e i v e r  a u t o m a t i c  g a i n  c o n t r o l  v o l t a g e s  t o  m e a s u r e  g a l a c t i c  
a n d  s o l a r  r a d i o - n o i s e  l e v e l s .  T h e  r e c e i v e r  s u e p t  f r o m  0.1 t o  
2 0  MHz.  T h e  d y n a m i c  r a n g e  was 5 0  d B r  a n d  t h e  b a n d u i d t h  was 55 
kHz. T h e  a n t e n n a s  u s e d  u e r e  18.7-m a n d  73-m d i p o l e s .  

B IBLIOGRAPHY 
2 3  4 4 6  4 5 4  5 0 1  7 8 4  790  

I N V E S T I G A T I O N  NAME- 3 3 1 4 -  A N D  5 5 7 7 - A  PY3T3METSR 

NSSDC IO- 7 1 - 0 2 4 1 - 1 1  

PERS3VNEL 
P I  - C.0. ANGER 

I N V E S T I G A T I V E  PROGRAM 
CODE EE/CO-OP$ SCIENCE 

I N V E S T I G A T I 3 Y  3 1 S 3 I P L I N I C S )  
IONOSPHERES 
PARTICLES AN0 F I E L D S  
AERONOMY 

U OF CALGARY 

B R I E F  D E S C R I P T I O N  
T h i s  d u a l - w a v e l e n g t h  s c a n n i n g  a u r o r a l  p h o t o m e t e r  u a s  

d e s i g n e d  t o  map t h e  d i s t r i b u t i o n  o f  a u r o r a l  e m i s s i o n s  a t  5 5 7 7  
a n d  3 9 1 4  A o v e r  t h e  p o r t i o n  o f  t h e  d a r k  e a r t h  v i s i b l e  t o  t h e  
s p a c e c r a f t .  A c o m b i n a t i o n  o f  i n t e r n a l  e l e c t r o n i c  s c a n n i n g  
p e r f o r m e d  b y  a n  i m a g e  d i s s e c t o r  a n d  o f  t h e  n a t u r a l  o r b i t a l  a n d  
r o t a t i o n a l  m o t i o n s  o f  t h e  s p a c e c r a f t  p e r m i t t e d  t h e  s e n s o r  t o  
s y s t e m a t i c a l l y  s c a n  a c r o s s  t h e  e a r t h .  T h e  d e t e c t o r  s y s t e m  n a s  
c o n s t r u c t e d  t o  a l l o w  i n c i d e n t  r a d i a t i o n  t o  b e  a c c e p t e d  f r o m  t u 0  
d i r e c t i o n s  1 8 0  d e g  a p a r t ,  a n d  t h e n  t o  f o c u s  t h i s  l i g h t  a t  a 
common p o i n t  o n  t h e  s i n g l e - i m a g e - d i s s e c t o r  p h o t o m e t e r  t u b e .  
O n l y  o n e  o f  t h e  t u 0  o p t i c a l  s y s t e m s  p o i n t e d  a t  t h e  e a r t h  a t  any  
o n e  t i m e r  u h i l e  t h e  o t h e r  f a c e d  i n t o  s p a c e .  When t h e  
s p a c e c r a f t  s p i n  a x i s  u a s  o r i e n t e d  t o  l i e  i n  t h e  o r b i t a l  p l a n e t  
e a c h  r o t a t i o n  o f  t h e  s p a c e c r a f t  r e s u l t e d  i n  a n  e a r t h  s c a n  5 d e g  
u i d e .  T h i s  u l d t h  s i z e  was c h o s e n  t o  e n s u r e  o v e r l a p  u i t h  t h e  
p r e v i o u s  s c a n .  T h e  i m a g e  d i s s e c t o r  r e D e t i t i v e l y  s c a n n e d  a t  a 
h i g h  s p e e d  a c r o s s  t h e  n a r r o u  d i m e n s i o n  o f  e a c h  5 - d e g  b a n d  and  
d i v i d e d  i t  i n t o  s e p a r a t e l y  r e s o l v e d  r e g i o n s  0.4 d e g  b y  0.4 deg.  
S i m i l a r  s t r i p s  u e r e  s c a n n e d  a t  e a c h  o f  t h e  t u o  u a v e l e n g t h s ,  b u t  
a t  t i m e s  w h i c h  d i f f e r e d  b y  h a l f  t h e  r o t a t i o n  p e r i o d  o f  a b o u t  10 
s. A c a l l b r a t i o n  l i g h t  s o u r c e  f o r  e a c h  u a v e l e n g t h  was b u i l t  
i n t o  t h e  o p t i c a l  a s s e m b l y ,  a n d  a c a l i b r a t i o n  c y c l e  u a s  
i n i t i a t e d  a u t o m a t i c a l l y  u h e n e v e r  a “ p o w e r  o n ”  command was 
g i v e n .  To m i n i m i z e  t h e  p r o b l e m s  a r i s i n g  f r o m  s o l a r  
i l l u m i n a t i o n  o f  t h e  o p t i c s  a n d  t h e  d i r e c t  v i e w i n g  o f  t h e  s u n l i t  
e a r t h ,  a s u n l i g h t  D r o t e c t i o n  s y s t e m  was i n c l u d e d .  t o m p l e t e  
d e t a i l s  a b o u t  t h e  e x p e r i m e n t  c a n  b e  f o u n d  i n  C. 0. A n g e r  e t  
at. ,  “ T h e  I S I S - I 1  s c a n n i n g  a u r o r a l  p h o t o m e t e r , ”  A p p l f e d  O p t i c s ,  
V. 12,  n. 8, pp.  1 7 5 3 - 1 7 6 6 .  A u g u s t  1 9 7 3 .  

B IBLIOGRAPHY 
3 1  32 3 3  3 4  3 5  3 6  3 7  38 3 9  40 

1 1 4  1 1 5  1 1 6  1 4 6  1 5 2  1 5 8  2 0 8  2 0 9  2 1 0  2 1 1  
2 1 2  2 1 3  2 2 4  3 1 2  3 6 6  3 6 7  3 8 5  3 3 1  3 9 2  4 3 3  
4 3 4  4 7 1  5 0 8  5 1 6  5 5 6  5 5 7  5 5 8  5 5 9  5 6 0  5 6 1  
6 5 1  6 5 2  6 7 9  6 8 0  6 8 1  6 8 2  6 8 3  6 8 4  6 8 5  6 8 6  
6 8 7  8 2 6  8 2 7  3 2 8  8 3 1  8 3 3  8 3 4  8 3 5  3 3 7  3 9 5  
9 1 5  9 2 0  9 2 1  9 4 6  9 4 7  9 5 8  
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NSSDC 1 2 -  71-02'iA-12 I N V E S T I G A T I V E  PROGRAM 
CODE EEICO-OPI SCIENCE 

I N V E S T I G A T I O N  D I S C I P L I N E C S )  
IONOSPHERES 
PARTICLES AND F I E L D S  
AER3YOYY 

PE R S 0 N NE L 
1'1 - G.G. SHEPHEQD ' I O R K  U 

B R I t F  D E S C R I P T I O N  
A t u o - c h a n n e l  p h o t o m e t e r  * a s  u s e d  t o  m e a s u r e  d l r e c t l y  a n d  

t o  n i a ~  t h e  i n t e n s i t y  o f  t h e  a t o m i c  o x y g e n  r e d  t i l e  a t  6 3 0 0  A 1 1  
d a y .  t u i l i g h t .  a n d  n i g h t  a i r g l o w  a n d  a u r o r a .  E a c h  c h a n n e l  h a d  
i t s  own o p t l c a l  I n p u t ,  a n d  t h e  t u 0  i n p u t s  * e r e  m o u n t e d  a t  t h e  
samv e n d  o f  t h e  s p a c e c r a f t ,  s e p a r a t e d  b y  1 8 9  d e g r  u l t h  t h e l r  
axe:: a t  9 0  d e 3  t o  t h e  s o 3 c e c r a f t ' s  s 3 i n  a x i s .  One o 3 t i c a l  
i n p u t  was c h a r a c t e r i z e d  b y  a s p e c t r a l  b a n d w i d t h  o f  1 2  A 
c e n i e r e d  a r o u n d  t h e  6 3 0 0 - A  l i n e  o f  a t o m i c  o x y g e n r  a n d  t h e  o t h e r  
I n p u t  * a s  u s e d  f o r  w h l t e - l l g h t  m e a s u r e m e n t s .  T h e  s p l n n l n g  
s a t e l l i t e  c a ~ s e d  t h e  o h o t o n e t e r  t o  a l t e r l a t e l y  v l e u  t h e  e a r t h  
a n d  t h e n  t h e  s k y ;  l.e.9 when o n e  s e n s o r  w l e u e d  t h e  e a r t h ?  t h e  
O t h e r  s e n s o r  s a *  t h e  d a r k  s k y .  8 0 r h  s e n s o r s  h a d  a 2 .5 -deg  
c i r c u l a r  f l e l d  o f  wleu .  W l t h  t h e  u s e  o f  a b e a m - c o m b l n e r  
a r r a n g e m e n t ,  t h e  same o h o t o n ~ l t l o l i e r  a c c e D t e d  t h ?  t u o  i n o u t s .  
The d y n a m i c  r a n g e  o f  i n t e n s i t y  m e a s u r e m e n t s  u a s  f r o m  a b o u t  
1 . E l l  p h o t o n s / t s q  m - s )  ( 1 0  r a y l e l g h s )  t o  m o r e  t h a n  1.E16 
p h o t o n s / ( s a  m-s) .  S u n l i g h t  c o u l d  e n t e r  t h e  o p t l c a l  s y s t e m s  
d i r r c t l y  i n  a d d i t i o n  t o  e a r t h - r e f l e c t e d  l l g h t .  T'le i n s t r u n e n t  
b a f & l e  M a s  I l l u m i n a t e d  b y  t h e  s u n  o n l y  f o r  t h e  o f f - a x l s  a n g l e s  
l e s s  t h a n  4 7  deg.  O u t s i d e  t h l s  l i m i t ,  t h e  d a t a  w e r e  n o t  
d e g r a d e d  o y  s J n l i g h t .  3 e r n i t t l n g  i o r n a l  o o e r a t l o i  I n  t h e  r e g l o n  
o f  t h e  o r b i t  u h e r e  t h e  s p a c e c r a f t  was I n  s u n l i g h t r  b u t  t h e  
p o r t l o n  o f  t h e  e a r t h  b e n e a t h  i t  Mas d a r k .  A n  e x t e r n a l  l l g h t  
s o u r c e  " s a u "  t h e  f l l t e r  o n l y  n h e n  i t  was 7.5 d e g  o r  l e s s  o f f  
a x i s .  I n  t h e  r a n g e  7.5 t o  47 d e ? ,  g o o d  d a t a  u e r e  s t i l l  
o b t a i n e d  when  t h e  s u n l i t  e a r t h  was t h e  o r l g l n  o f  t h e  
c o n t a m i n a t l o n .  lo p e r f o r m  t h e  d a t a  a n a l y s i s r  I t  n a s  n e c e s s a r y ,  
among  o t h e r  o p e r a t l o n s t  t o  e v a l u a t e  d i f f e r e n t  g e o m e t r l c a l  
s i t b a t i o n s ,  a n d  t o  l o c a t e  t h e  o o i n t  a t  u h i c h  t h ?  1 2 - A  b a n d D a s s  
p h o t o m e t e r l s  FOV c r o s s e s  t h e  e a r t h ' s  l e a d l n g  l i m b  s o  t h a t  t h e  
d a t a  c o u l d  b e  o r g a n i z e d  i n t o  s p l n  maps. F o r  m o r e  d e t a i l s  s e e  
S. G. S h e p h e r d  e t  a t .  " I S I S - 1 1  a t o m i c  o x y g e n  r e d  L I n e  
o h o t o n e t e r . '  A p p l i e d  O o t l c s r  #. 12,  n .  8 r  30. 1 7 5 7 - 1 7 7 4 ,  A u g J s t  
1 9 7 3 .  

B IBLIOGRAPHY 
38  39 133 1 4 6  1 5 3  224 2 4 8  3 9 1  5 0 8  5 8 1  

8 2 9  8 3 0  8 3 1  832 833 834 8 3 5  836 8 3 7  838  
8 3 9  8 4 0  9 4 6  9 5 5  958 

6 5 1  5 7 9  6 8 3  7 4 0  7 4 1  8 2 4  8 2 5  8 2 6  8 2 7  8 2 8  

4 1  



Literature Citations 

PRKEDLNG PACE PT,,P,.NR FOT FILMED 



1 ALOUETTE 1 IONOSPHERIC DATA N ( H )  
*DEF. R E S .  TELECOMMUN. ES1ABL.r UNNUMBEREDI OTTAUAI CAN., UNDATED. 

2 ALOUETTE - THE CANADIAN TOP-SIDE SOUNDIUG S A T E L L I T E  
*ELECTRON. C0MHUN.r 10, NO. llr 31-38. 4 3 - 4 9 .  NOV. 1962. 

3 ALOUETTE - CANADIAN-US IONOSPHERIC TOPSIDE SOUNDER S A T E L L I T E  
* I G  BULL., NO. 65, 9-15, NOV. 1962. 

4 H E I G H J  D I S T R I B U T I O N S  OF ELECTRON CONCENTRATION I N  THE TOPSIDE IONOSPHERE AS DEDUCED FROM T O P S I D E  S3JVDEq 
S A T E L L I T E  IONOGRAMS 

+RADIO RES. STATION,  D I T T O N  PARK, SLOUGH, ENGLAND, DEC. 1963. 

5 IONOSPHERE S A T E L L I T E  - EXPLORER X X  
*TRANS. AM. GEOPHYS. UNIONI 4 6 ,  305-310- MARCH 1965. 

6 ATLAS OF ALOUETTE 2 IONOGRAMS RECOROEO A T  PORT STANLEY, SINGAPORE AN0 U I N K F I E L O  DURING THE MONTH AFTER 
LAUNCH 

*RADIO SPACE RES. STATION ( R S R S ) ,  UNNUMEEREDi D ITTON PARK, SLOUGH, ENGLAND, JAN. 1966. 

7 ALOUETTE 1 IONOSPHERIC DATA INTERPOLATE0 N ( H )  
+DEF. RES. TELECOMMUN. ES1ABL.r 1-69 OTTAUA. CAN., DUG. 1967. 

8 OCCURRENCE OF HF PROPAGATION BY DUCTING BASED ON TOPSIDE SOUNDING DATA 
+RADIO RES. LAB., C.C.1.R. STUDY GROUP, ? E D .  341-1- TO<YOs JAPAN, 1970-1973. 

9 ALOUETTE 1 IONOSPHERIC DATA (PILOSIN) 
*LIEF. RES. TELECOMMUN. ES1ABL.I  UNNUMBERED, OTTAUAr CAN.. UNDATED. 

10 ALOUETTE 2 IONOSPHERIC DATA IUTERPOLATE3 U t H )  
*COMMUN. RES. CENT., 1-21 OTTAUA, CANAOAr UNDATED. 

1 1  ALOUETTE 1 OATA A V A I L A B L E  
+COMMUN. RES. CENT., UNNUMBEREDv OTTAWA, CAN., UNDATED. 

12 ALOUETTE 2 DATA A V A I L A B L E  
+COMMUN. RES. CEN1.r UNNUMBEREOt OTTAUAr  CAN., UNDATED. 

13 ALOUETTE 2 IONOSPHERIC DATA N ( H )  
+COMMUN. RES. CEYT.9 1-29 OTTAUAt  CANADA, UNDATED. 

14 OATA ON TOPSIDE IONOSPHERE - ELECTRON D E N S I T I E S  AN0 SCALE H E I G H T S  FROM ALOUETTE 2 OBSE3VATIOUS OVER JAPAU 
* M I N I S T R Y  OF POSTS AND 1ELECOMMUN.r RADIO RES. LAB.r TOP I O N  1 - TOP I O N  6 1  TOKYO* JAPAN, FEE. 1970 - FEB. 
1974. 

15 APRONS-J. ALLEN9R.S. 
S C I N T I L L A T I O N  OF A R A D I O  STAR AT A SUBAURORAL L A T I T U D E  

+RADIO SC1.e 1, NO. 10, 1180-1186, OCT. 1966. 

16 ABDULEZER,J. B0AGtJ.C. SAUNJERSIJ. 
FOUR HUNDRED MC/S 5 UATT S O L I D  STATE FMlPM MODULATED TRANSMITTER FOR SPACECRACT T I L E Y E T ? Y  

1965. 
* I N  -- CAN. ELECTRON. C0NF.r TORONTOI CAN., OCT. 9-6. 1965, I E E E v  PAPER NO. 6 5 1 2 5 ~  TORONTOI CAN., OCT. 

17 AGALAKOV9V.S. S I R E i A - S H .  
CHARGED P A R T I C L E S  AND TEMPERATURE I N  THE IONOSPHERE ( I N  R U S S I A N )  

*PRJRODA, NO. 11, 69-72? NOV. 1970. 

1 8  AGGARUALvS. FATKULLIN,M.N. YALH0TRArP.L. 
ABNORMAL L A T I T U D I N A L  D I S T R I B U T I O N S  OF THE F 2  LAYER C R I T I C A L  FREQUENCY 

'NATURE PHIS .  SC1.r  230, 171-1729 APR. 1971. 

19 AHMEOiM. SAGALYN9R.C. 
THERYAL P O S I T I V E  IONS I N  THE J A Y S I O E  POLA3 CUSP YEASUSED OV THE I S I S  1 S A T E L L I T E  

+SPACE RES., 139 19 541-5479 1972. (PROC.  OF lSTH COSPAR PLENARY MEETING, M A D 3 I O t  SPAIN,  MAY 10-24, 1972). 

20 AHMEDiM. RAOIL.D.V. 
ROCKET AN0 S A T E L L I T E  EXPERIMENTS F O R  THE MEASUREMENT OF THE PROPERTIES OF THERMAL AND H I G H  ENERGY PLASMA - F I N A L  REPORT +073071-093072 

*AFCRL, 72-0662, BEDFORD, MA, NOV. 1972. 

21 AHMEDiM. SAGALYNIR-C. UILDMANIP.J.L. BURKEIU~J.  
TOPSIDE IONOSPHERIC TROUGH MORPHOLOGY - OCCURRENCE FREQUENCY AN0 D I U R U A L i  SEASONAL A N 0  A L T I T U D E  
V A R I A T I O N S  

+J. GEOPHYS. R E S s r  8 4 ,  NO. A 2 r  489-497. FEB. 1979. 

22 AIKYO9K. ONDOH,T. NAGAYAMAvM. 
NONDUCTED U H I S T L E R S  OBSERVED I N  THE PLASYASPHERE 

+RADIO RES. LAB. J.r 19, NO. 100, 151-1749 1972. 

23 A1KYO.K. ONDOH,T. N I S H I Z A K I v R .  MARUYAMArT. 1GI.S. NAGAYAMAlM. 
YABUUMAiH. IDEIT. HIRASAUAIT. 
SPECTRAL CHARACTERISTICS OF RADIO N O I S E  AT L O U  AUD M E O I W  =REQUENCIES I N  THE ANTARCTIC TOPSIDE IONOSPHERE 

*MEM. NATL. INST.  POLAR RES., 19, 1982. 

24 AKASOFU,S.-I. OEFOREST,S. M C I L U A I N v C .  
AURORAL D I S P L A Y S  NEAR THE 'FOOT' OF THE F I E L O  L I N E  OF THE ATS-5  S A T E L L I T E  

+PLANET. SPACE SCI., 229 NO. 1, 25-40, JAN. 1974. 

2 5  AL'PER1iYA.L.  S1NELNIKOVvV.M. 
ON THE LOCAL AN0 INTEGRAL ELECTRON OENSITY OF THE IONOSPHERE MEASURED B Y  MEANS OF COHERENT R A D I O  UAVES 
EMITTEO F R O M  A R T I F I C I A L  EARTH S A T E L L I T E S - I  

*J.  ATMOS. TERR. PHYS., 319 641-6619 MAY 1969. 

26 AL'PER1,YA.L. S INEL 'N IKOVIV .~~ .  
RESULTS OF AN I N V E S T I G A T I O N  OF THE LOCAL AND INTEGRAL ELECTRON CONCENTRATION I N  THE IONOSPHERE BY MEANS 
OF COHERENT R A D I O  UAVES EMITTED FROM A SATELLITE.1  

+GEOMAG. AER0N.r 9 ,  NO. 39 331-5381 MAY 1969. 
a 

21 ALMON0,J. FRANKL1NiC.A. UARREN9E.S. 
PERSPECTIVE ON THE CANADIAN S A T E L L I T E  P33;RAM 

*CAN. ELEC. ENG. J a r  1, NO. l r  JAN. 1976. 

2 8  ANDREUSiM.K. 
NON DUCTED WHISTLER-MODE SIGNALS AT LOU L A T I T U D E S  

*J. ATMOS. T E R R .  P H Y S - r  4 0 ,  429-4569 A P R I L  1978. 

29 ANDREUSiMrK. THOMASI J.0. 
ELECTRON OENSITY O I S T R I E U T I O N  ABOVE THE U I N T E R  POLE 

+NATURE* 221, 223-227, JAN. 1969. 

ORIGINAL PAGE IS 
OE POOR QUALITY 

45 



3 0  ANDREUS1M.K. THOMASvJ.0. 
POLAR EXOSPHERIC PLASMA 

* I N  -- POLAR ION3S. A I D  YAGNET3S. PROCESS, 2 2 5 - 2 3 1 9  1 9 7 0 .  

3 1  ANGER9C.D. 
AURORA I N  THE POLAR CAP DURING DECEMBER 1 9 7 1 ,  AS SEEN B Y  THE I S I S  2 SCANNING AURORAL PHOTOMETER 

* I N  -- SOL. T E R R .  RELATIONSt  6 1 7 - 6 4 4 9  U. OF CALGARY, ALEmERTA, CANADA, 1973. 

3 2  AIGESrC.D. 
AURORAL SUBSTORM SEEN FR3M ASOVE 

+SPACE SCI .  REV., 159 NO. 4 9  4 0 2 1  FEE. 1974 .  

3 3  ANGERvC.0. 
AURORA 

* I N  - -  YEARBOOK OF SCI. AND TECHNOL.1 1 1 7 - l l 8 r  MCSRAU I I L L  3OOK C0.v NEU Y3RKr  Y Y .  1 9 7 5 .  

3 4  ANGERvC.0. LU1rA.T.Y. 
GLOBAL V I E U  AT THE POLAR REGION ON 1 8  DECEMBER 1 9 7 1  

+PLANET. SPACE SCI.1 2 1 1  \IO. 5 1  8 7 3 - 8 7 6 9  Y A Y  1973 .  

3 5  ANGER tC .D. MURPHREEt J. S. 
I S I S  2 S A T E L L I T E  IMAGERY AND AURORAL MORPHOLOGY 

* I N  -- YAGNETOS. PART. AND F I E L D S ,  2 2 3 - 2 3 4 9  D. R E I D E L  'UBL. CO.9 DORDRECHTi THE NETHER LA NOS^ 1976 .  

3 6  ANGER,C.D. LU I IA -T .  AKASOFU*S.I. 
OBSERVATIONS OF T H E  AURORAL OVAL AND A  UESTUARD TRAVELING SURGE FROM THE I S I S  2 S A T E L L I T E  AND THE ALASKAN 
M E R I D I A N  ALL-SKY CAMERAS 

*J. GIOPHYS. RES., 7 8 9  3 0 2 0 - 3 0 2 6 1  JUNE 1 3 7 3 .  

3 7  ANGERpC.0. FANCOTTIT. MCNALLYvJ. KERR9H.S. 
I S I S  2 SCANNING AURORAL PHOTOMETER 

*APPL. 0PT.r 12, NO. 8 r  1 7 5 3 - 1 7 6 6 ,  AUG. 1 9 7 3 .  

3 8  AYGER9C.D. SAUPHUKIU. SHEPYEROIG.G. 
POLAR CAP O P T I C A L  AURORA SEEN FROM I S I S  2 

* I N  -- MAGNETOS. P H Y S . 9  5 5 7 - 3 6 6 9  B.M. MCCORMACt D. REIC'EL PUBL. C0.r OORDRECHTI THE NETHERLANDS* 1974.  

3 9  ANGERIC.~. MOSHUP1,M.C. YALL1SvD.D. MURPHREE9J.S. BRACE1L.H. SHEPHERD,G.G. 
DETACHED AURORAL ARCS I N  THE TROUGH R E G I 3 V  

rJ. GEOPHYS. RES., 83,  NO. A69 2 6 8 3 - 2 6 8 9 ,  JUNE 1978 .  

4 0  ANGER9C.D. MURPHREEvJ.S. C0GGERvL.L. 
S P T E L L I T E  OBSERVATIOVS OF S P A T I A L  AND TEM'ORAL FLUCTUO T I O N S  I N  POST-MIONIGHT AURORAS 
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*CAN. J. PHYS.1 5 9 ,  NO. 8 r  1 1 3 7 - 1 1 4 2 .  AUG. 1981. 

ANGERAMI9J.J. THOMASvJ.0. 
STUDIES OF PLANETARY ATMOSPHERES, 1. THE O I S T R I B U T I D N  OF ELECTRONS AND I O N S  I N  THE EARTH'S EXOSPHERE 

*J. GEOPHYS. RES.,  69, NO. 21. 4 5 3 7 - 4 5 6 0 1  V O V .  1964. 

ARENDT9P.R. 
COMPARISON OF EXPERIMENTAL DATA OF THE EFFECTIVE I O N  MASS I N  THE UPPER IONOSPHERE U I T H  A THEORETICAL 
STRUCTURE 

*NATUREI 208, NO. 5 0 0 9 ,  4 4 3 - 4 4 5 9  OCT. 1965. 

AREND1,P.R. 
REMARKS ON THE MATCHING OF TOPSIOE AND BOTTOMSIDE ELECTRON DENSITY P R O F I L E S  OF THE IONOSPHERE 

*ECOM* 3 3 7 7 9  FT. MONMOUTH, NJI FES. 1 9 6 9 .  

ARENDTIP.R. 
COMPARISON OF THE TOPSIDE IONOSPHERE DURING MAGNETIC STORMS OF VARIOUS TYPES 

*PLANET. SPACE SC1.r 1 7 9  1 9 9 3 - 1 3 9 5 9  DEC. 1 9 6 9 .  

AREN3TvP.R. PAPAYONAOUIA. 
CONVERSION OF TOPSIDE IONOGRAMS T O  EXPONENTIAL ELECTR3V-DEUSITY P R O F I L E S  

*U.S. ARMY ELECTRON. RES. AN0 DEVELOP. LAB., TECH. REPT. 2424, FORT MONMOUTHI NJ I  FEB. 1 9 6 4 .  

ARENDT9P.R. PAPAYOANOUs A. 
STRUCTURE AND V A R I A T I O N  3 F  THE TOPSIOE IDYOSPHERE CLOSE T O  THE FORT MONMOUTH LONGITUDE 

*J. GEOPHYS. R E S . ,  70,  NO. 159 3 6 7 5 - 3 6 8 5 1  AUG. 1 9 6 5 .  

ARENDT9P.R. S O I C H E R v H .  
TOPSIDE IONOSPHERIC STRUCTURE AT NORTHERN M I D - L A T I T U D E S  AFTER GROUND SUNSET I N  SUMMER 

*NATUREI 2 2 2 1  NO. 5 1 9 9 1  1155-11569 JUNE 1969 .  

ARENDT1P.R. PAPAYOANOUIA. SO1CHER.H. 
DETERMINATION OF THE IONOSPHERIC ELECTRON CONTENT U T l L I Z I N G  S A T E L L I T E  SIGNALS 

*PROC. OF THE I E E E I  5 3 1  2 6 8 - 2 7 7 ,  MAR. 1965 .  

ARENOT'9P.R. ROSATI  e V .  SOICHERvH. 
QUICK LOOK SYSTEM FOR V IRTUAL R E A L - T I M E  TELEMETRY RECEPTION OF TOPSIDE IONOGRAMS 

+PROC. OF THE I E E E i  5 7 ,  9 4 7 - 9 4 8 1  JUNE 1963 .  

ARENDT9P.R. G0RHANvF.r JR. SOICHER*H. 
SYNOPTIC PREVIEW OF IONOSPHERIC DATA TAKEN AT FORT MlINMOUTHr NEU JERSEY, DURING THE E C L I P S E  

*NATUREI 2261 NO. 5 2 5 1 ,  1 1 1 4 ,  JUNE 1 9 7 0 .  

ATKINS1E.A. CHAPMAN,J.H. 
S A T E L L I T E  MEASUREMENTS OF RADIO BREAKTHROJGH 

*CAN. J. PHYS.1 411 1 3 8 8 - 1 3 9 3 ,  MAY 1963. 

AUBRY,M.P. 
INFLUENCE OF E L E C T q O I  D E N S I T Y  I R R E S U L L R I T I E S  ON THE PROPAGATION OF VLF  UAVES I N  THE IONOSPHERE ( I N  
FRENCH) 

*ANN. DE GE0PHYS.r 241 39-48. JAN.-MAR. 1 9 6 8 .  

BANKSvP.M. 
PLASYA TRANSPORT I N  THE TOPSI3E POLAR IONOSPHERE 

YORKI NYI 1970. 
* I N  -- POLAR IONOS. AND MAGNETOS. PROCESSESI 1 9 3 - 2 0 6 9  G. S K O V L I i  GORDON AND BREPCH SCI .  PUBL. 1VC.r NEU 

* BANKS9P.M. 
POLAR UINO AND I T S  I Y P L I C A T I O N S  

* I N  -- ATMOS. EMISSIONSv 5 3 3 - 5 3 8 1  VAN NOSTqAND REINHOLO C0.r NEU 1 3 R K v  NYI 1969 .  

BANKS1P.H. 
DYNAMICAL BEHAVIOR OF THE POLAR TOPSIDE IONOSPHERE 

* I N  -- MAGNETOS.-IONOS. IYTERACTIONSv 8 7 - 9 5 ,  6.M. MCCORYAC. UNIVERSITETSFORLAGETv OSLO, NORUAY, 1972 .  

BANKS9P.M. I4CGOUANvJ.U. 
HE2+ I N  THE TOPSIDE IONOSPHERE 
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*J. GEOPHYS; RES.. 739 5008-50119 PUG. 1 9 6 8 .  

5 7  BANKS,P.M. 0OUPNIKvJ.R. 
S T U D I E S  OF THE STRUCTURE OF THE PLASMASPHERE AS SEEN BY RAOIOSOUNOER MEASUREMENTS ABOARD THE ALOUETTE 
S A T E L L I T E - F I N A L  TECHNICAL REPORT 

'CALIF. U.r NASA-CR-1373711 L A  J O L L A i  CAt  NOV. 1 9 7 3 .  

5 8  BANKSrPaM. D0UPNIKvJ.R. 
THERMAL PROTON FLOY I N  THE PLASMASPHERE - THE MORNING SECTOR 

*PLANET. SPACE SC1.r 2 2 ,  NO. l r  7 9 - 9 4 ,  JAN. 1 9 7 4 .  

5 9  BARRINGTON,R.E. 
PRELIMINARY ROCKET I N V E S T I G A T I O N  OF VERY LOU FREQUENCY IONOSPHERIC RESONANCES 

*SPACE RES., 9 1  279-2369 1969.  (PROCEEOIVGS OF THE l l T +  PLEYARY MEETING OF COSPARI TOKYO, JAPAN, MAY 9-21 .  
1 9 6 8 .  EOS. K.S. U. CHAMPION, P.A. SMITHI R.L. SMITH-ROSE, NORTH-HOLLAND PUBL I S H I V G  C0.t AMSTEIOAMI 
NETHERLANOS). 

6 0  BARR1NGTONvR.E. 
S A T E L L I T E  OBSERVATIONS OF VLF  RESONANCES 

* I N  -- PLASMA UAVES I N  SPACE AN0 I N  THE LAB., 361-3789 AM. E L S E V I E R  PUBL. COS, NEU YORKt NY, 1 9 6 9 .  

6 1  BARRINGTONIR.E. 
IONOSPHERIC I O N  COMPOSITION OEOUCEO FROM V L F  OBSERVATIONS 

+PROC. OF THE IEEEI  571 1 0 3 6 - 1 0 4 1 ,  JUNE 1 9 6 9 .  

6 2  BARRINGTONIR~E. 
I O N  RESONANCES I N  THE IONOSPHERE 

BELGIUMr 1 9 7 0 .  
* I N  -- PROGRESS I N  RADIO SCI.  1 9 6 6 - 1 9 6 9 .  VOL. l r  101-1069 S.M. BROWNI INT. U N I O N  OF R A D I O  SCIII BRUSSELS, 

6 3  BARRINGT0NsR.E. BELR0SEvJ.S. 
PRELIMINARY RESULTS FROM THE V L F  RECEIVER ABOARD CANAOA'S ALOUETTE S A T E L L I T E  

*NATURE, 1 9 8 ,  NO. 4 8 8 1 .  651-6569 MAY 1963.  

6 4  BARRINGTON9R.E. HERZBERG,L. 
FREQUENCY V A R I A T I O N  I N  IONOSPHERIC CYCLOTRON HARMONIC S E R I E S  OBTAINED B Y  THE ALOUETTE 1 S A T E L L I T E  

*CAN. J. PHYS.9 4 4 1  987-9941 MAY 1 9 6 6 .  

6 5  BARRINGTON,R.E. MCEJENIO.J. 
I O N  COMPOSITION FROM VLF PHENOMENA OBSERVED BY ALOUETTE 1 AN0 2 

+SPACE RES.,  71 6 2 4 - 6 3 3 9  1967.  (PROC. OF THE 7TH INT .  SPACE S C I .  SYMP.9 VIENNA, A U S T R I A *  MAY 1 0 - 1 8 .  1 9 6 6 .  

6 6  BARRINGTON,R.E. HARTZIT.R. 
S A T E L L I T E  IONOSONOE RECORDS - RESONANCES BELOY T H E  CYCLOTRON FREQUENCY 

*SCIENCEe 1 6 0 ,  1 8 1 - 1 8 4 1  APR. 1 9 6 8 .  

6 7  BARRINGTON*R.E. HART2,T.R. 
RESONANCES OBSERVED BY THE ALOUETTE T O P S I 3 E  SOUNDERS 

* I N  -- PLASMA UAVES I N  SPACE AN0 I N  THE LAB+,  1 ,  5 5 - 7 9 .  AM. E L S E V I E R  PUBL. C0.t NE4 Y3R.(r NYI 1969.  

6 8  BARRINGTON1R.E. PALMER9F.H. 
O I S T R I B U T I O N  OF E L F / V L F  N O I S E  I N  THE POLAR IONOSPHERE 

* I N  -- MAGNETOS.-IONOS. INTERACTIONS, 9 7 - 1 0 4 ,  B.M. MCCO?YAC+ U N I V E R S I T E T S F O R L A S E T t  DSLO, NORUAYI 1 3 7 2 .  

6 9  BARRINGTONIR.E. BELROSE1J.S. KEELEY.0.A. 
VERY LOU FREQUENCY N O I S E  BANDS OBSERVED BY THE ALOUETTE 1 S A T E L L I T E  

*J. GEOPHYS. RES. ,  689 NO. 2 3 ,  6 5 3 9 - 6 5 4 1 ,  I E C .  1963.  

7 0  BARRINGTONIR.E. BELR0SE.J.S. NELf4SiG.L. 
I O N  COMPOSITION AN0 TEMPERATURES AT 1 0 0 0  KM AS DEDUCE0 FROM SIMULTANEOUS OBSERVATIONS OF A VLF  PLASMA 
RESONANCE AND TOPSIDE SOUNDING DATA F R O M  ALOUETTE 1 S A T E L L I T E  

*J. GEOPHYS. RES. ,  7 0 ,  NO. 79 1 6 4 7 - 1 6 6 4 ,  APR. 1 9 6 5 .  

7 1  BARRINGTON 9R.E. BELROSE ,Jess NELMS 9G.L. 
I O N  COMPOSITION AND TEMPERATURE A T  1 0 0 0  KM AS OEOUCEO FROM V L F  RESONANCES AN0 TOPSIDE IONOGRAMS 

AMSTERDAM* THE NETHERLANDS, 1 9 6 6 .  
+ I N  --  ELECTRON O E Q S I T Y  P R O F I L E S  I N  IONOS. AN0 EXOS.9 387-3969 J. F R I H A G E N i  NORTH-HOLLAND PUBL. C0.3 

7 2  BARRINGTON*R.E. BELR0SEvJ.S. MATHERIU.E. 
H E L I U M  YHISTLER OBSERVED I N  THE CANADIAN S A T E L L I T E  ALOUETTE 2 

*NATURE, 2109 80-819 APR. 1966.  

7 3  BARRINGTON,R.E. HART2,T.R. HARVEYIR.U. 
DIURNAL O I S T R I B U T I O N  OF ELF, VLFI AN0 L F  N O I S E  AT H I G H  L A T I T U D E S  AS OBSERVED BY ALOUETTE 2 

*J. GEOPHYS. R E S . r  769 NO. 229 5 2 7 8 - 5 2 9 1 ,  PUG. 1 9 7 1 .  

7 4  BARRY,J.D. COLEMANvP.J.9 JR. L1BBYvW.F. L1BBYvL.M. 
R A D I O  REFLECTION BY FREE R A D I C A L S  I N  EARTH'S ATMOSPHERE 

*SCIENCE,  1 5 6 ,  1 7 3 0 - 1 7 3 2 ,  JUNE 1 9 6 7 .  

7 5  BARRYsJ.0. COLEMAN,P.J.rJR. L 1 B B l r Y . F .  L1BBY.L.M. 
DAY NIGHT V A R I A T I O N  OF ALOUETTE 2 SECONDARY RESONANCES 

*PROC. OF THE I E E E t  579 1 1 2 6 - 1 1 2 8 ,  JUNE 1 9 6 9 .  

7 6  BAUER,S.J. 
D I F F U S I V E  E Q U I L I B R I U M  I N  THE TOPSIDE IONOSPHERE 

*PROC. OF THE I E E E t  5 7 1  NO. 6r 1 1 1 4 - l l l B r  JUNE 1 9 6 9 .  

7 7  BAUER,S.J. 
TEMPERATURE AND COMPOSITION S T U D I E S  I N  T H E  POLAR IONOSJHERE 

+ I N  -- POLAR IONOS. AN0 MAGNETOS. PROCESS, 1 6 1 - 1 7 3 1  1 9 7 0 .  

7 8  BAUER*S.J. JACKS0N.J.E. 
ALOUETTE M I D - L A T I T U D E  TOPSIDE S T U D I E S  

* I G  BULL., NO. 791 7 - 1 1 ,  JAN. 1 9 6 4 .  

7 9  BAUERvS.J. BLUMLEIL. J. 
HEAN DIURNAL V A R I A T I O N  OF THE T O P S I D E  IONOSPHERE AT M I D - L A T I T U D E S  

*J. GEOPHYS. RES., 6 9 ,  NO. 1 7 ,  3 6 1 3 - 3 6 1 8 ,  SEPT. 1 9 6 4 .  

8 0  BAUER9S.J. KRISHNAYURTHV,B.V. 
BEHAVIOR OF THE TOPSIDE IONOSPHERE DURING A GREAT MAGNETIC STORM 

+PLANET. SPACE SCI.9 1 6 .  653-6639 MAY 1 9 6 8 .  

8 1  BAUERvS.J. BLUMLEvL. J. DONLEY9 J.L. FITZENRE1TER.R.J. JACKSONIJ.E. 
SIMULTANEOUS ROCKET AND S A T E L L I T E  MEASURE'4ENTS Oc THE T O D S I O E  IONOSPHERE 

*J. GEOPHYS. RES., 6 9 ,  NO. 1 ,  1 8 6 - 1 8 9 1  JAN. 1 9 6 4 .  

8 2  BECKERvY. 
DETERMINATION OF THE F I N E  STRUCTURE OF THE IONOSPHERE ON THE B A S I S  OF IONOGRAMS 
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*KLEINHEUBACHER B E R I C H T E t  13,  3 7 - 4 4 ,  JAN. 1 9 6 9 .  

8 3  3ECKER.d. 
F E U  EXAMPLES OF ELECTRON DENSITY PROFILES FOR THE 8OTT:YSIJE AND TOPSIDE IONOSJHEIE 

rKLEINHEUBACHER BERICHTE. 14 ,  1 4 5 - 1 5 4 9  1971 .  

8 4  BECKERvU. 
STANJARD P R O F I L E  OF THE M I 3 - L A T I T U D E  = REGION OF 145  IONOSPHERE AS DEDUCED FROM BOTTOMSIDE AND TOPSIDE 
I ONOGRAMS 

*SPACE RES., 1 2 9  1 2 4 1 - 1 2 5 2 ,  1 9 7 2 .  (PROC. OF THE 1 4 T H  COSPAR PLENARY MEETING, SEATTLE, U A r  JUNE 21-JULY 2, 
1 9 7 1 ) .  

8 5  8ECKER.U. 
MEAN ELECTRON DENSITY P R O F I L E S  

rKLE1NHEUBACHER B E R I C H T E t  1 5 9  4 
FOR 1 

3 - 5 6 .  
"E 
1 9  

I Y V E R  
72. 

AND OUTER r - R E G I O N  AND I T S  SEASDUAL 3EPEY3ANCE 

8 6  BECKERik .  
STUDIES ON T H E  THERM3SPHERE A V D  I D N O S P H I R I  BASED ON A O E T A I L E D  ANALYSIS OF TOPSIDE IONOGRAMS 

+MAX-PLANK- INSTITUT FUER AERONOMIEI BMFT-FB-U-7801, L INIJAU JEER NOQTHEIMt  WEST SERYANY 9 NOV. 1978 .  

8 7  BELL9T.F. JAMES9H.G. 1NANvU.S. KATSUFRAKIS*J.P. 
APPARENT SPECTRAL BROADENING OF VLF  TRANSMITTER S I G N A L S  DURING TRANSIONOSPHERIC PROPAGATION 

*J. GEOPHYS. R E S . ,  88, NO. A69 4 8 1 3 - 4 8 4 0 .  JUNE 1983 .  

8 8  BELLq1.F. KATSUFRAKISIJ.P. JPMES1H.G. 
NEU TYPE OF V L F  E M I S S I O N  TRIGGERED AT LOU ALTITUDE I N  THE SUBAURORAL REGION BY S I P L E  S T A T I O N  VLF  
TRANSMITTER S I G Y A L S  

*J. GEOPHYS. R E S . ,  9 0 1  NO. A 1 2 1  1 2 1 8 3 - 1 2 1 9 4 ,  DEC. 1985 .  

8 9  BELROSEIJ.S. BARRINGTONIR.E. 
VLF N O I S E  BANDS OBSERVED BY THE ALOUETTE 1 S A T E L L I T E  
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* R A D I I  SCI.9 6 9 0 1  NO. l r  5 9 9  JAN. 1 9 6 5 .  

BENSON, R. F. 
FREQUENCY S H I F T S  OBSERVED I N  THE ALOUETTE 2 CYCLOTRON HARMONIC PLASMA RESONANCES 

'PROC. OF THE I E E E i  5 7 ,  1 1 3 9 - 1 1 4 2 ,  JUNE 1 9 6 9 .  

9ENSONvR.F. 
A N A L Y S I S  OF ALOUETTE 1 PLASMA RESONANCE OBSERVATIONS 

1 9 7 0 .  

BENS3N.R.F. 
FREQUENCY I N T E R P O L A T I O N  CORRECTION FOR A L I U E T T E  2 13N33RAUS 

* I N  -- PLASMA UAVES I N  SPACE AND I N  T H E  LAB., 2 1  2 5 - 5 9 ,  J.O. THOMASI AM. E L S E V I E R  PUBL. C0.r NEU YORKi NYI 

*PROC. OF THE I E E E I  58, NO. 1 2 9  1 9 5 9 - 1 9 6 1 1  DEC. 1970. 

BENSONIR.F. 
ALOUETTE 2 O B S E ? V A T l 3 V S  SUPPOR T I N S  THE 0 3 L I Q U E  E C H O  MODEL FOR THE PLASMA FREQUENCY RESONANCE 

+J. GEOPHYS. RES.,  769  1 0 8 3 - 1 0 8 7 ,  FEB. 1971 .  

BENSON1R.F. 
IONOSPHERIC PLASMA RESONANCES - T I M E  DURATIONS rVERSUl i  LATITUDE,  ALTITUDE,  AND F N l F H  

*PLANET. SPACE SC1.i 2 0 1  6 8 3 - 7 0 6 ,  YAY 1972 .  

BENSON,R.F. 
FREQUENCY S H I F T S  OF IONOSPHERIC NF*SUB H RESONANCES 

*J. ATMOS. TERR. PHYS.9 349 1 2 0 1 - 1 2 1 4 ,  JULY 1 9 7 2 .  

BENSON9R.F. 
SIMULTANEOUS I N  S I T U  ELECTRON TEMPERATURC COMPARISOY IJSIVG ALOUETTE 2 PROBE P V 3  PLASNA RESONANCE DATA 

+J. GEOPHYS. RES., 7 8 9  NO. 28. 6 7 5 5 - 6 7 5 9 9  OCT. 1 9 7 3 .  

BENSONv9.F. 
STIMULATION OF T H E  HARRIS I N S T A B I L I T Y  I V  THE IONOSPHE'IE 

*PHYS. FLUIOSI  1 7 9  NO. 5 9  1 0 3 2 - 1 0 3 7 r  MAY 1 9 7 4 .  

BENSON9R.F. 
ON THE GENERATION OF THE SEQUENCE OF D I F F U S E  RESONANCES OBSERVED ON TOP SIOE IONOGRAMS 

*J. GEOPHYS. R E S . *  79, NO. 19,  2 9 1 1 - 2 9 1 2 ,  JULY 1 9 7 4 .  

BENS0NvR.F. 
I O N  EFFECTS ON IONDSPHERIC ELECTRON RESONANT PHENOMENA 

*RAD13 SC1.r 1 0 1  NO. 2 9  1 7 3 - 1 6 5 1  F E B .  1975 .  

BENS0NvR.F. 
STIMULAT.EO PLASMA UAVES I N  THE IONOSPHERE 

+RADIO SCI.9 12, NO. 6, 8 6 1 - 8 7 6 1  NOV.-DEC. 1977 .  

5ENSONTR.F. 
AURORAL K I L O M E T R I C  R A D I A T I O N  SOURCE REGION OBSERVATICNS FROM I S I S  1 

GEOPHYSICAL UNION, WASH., DCI 1 9 8 1 .  
4 I N  --  P H Y S I C S  OF AURORAL ARC FORMATIONv GEOPHYSICAL MONOGRAPH 2 5 ,  3 6 9 - 3 7 9 9  S.-I. AKASOFU, AMERICAN 

BENSON, R.  F. 
REMOTE DETECTION OF THE MAXIMUM A L T I T U D E  OF EQUATORILL IONOSPHERIC PLASMA BUBBLES 

* I N  -- THE EFFECT OF THE IONOSPHERE ON RADIOYAVE SYSTEHSVAPR. 1 4 - 1 6  1 9 8 1 9  NRLI ONRt AFGLI UNDATED. 

BENSON1R.F. 
HARMONIC AURORAL KILOMETRIC R A D I A T I O N  OF NATURAL O R I G I N  

+GEOPHYS. RES. LETT., 9 9  NO. 91 1 1 2 0 - 1 1 2 3 r  SEPT. 1 9 8 2 .  

BENSONi R. F a  
STIMULATED PLASYA I V S T A B I L I T Y  AND NONLIVEAR PHEN3YENI  I V  T 4 E  IONOSPHERE 

+ R A D I O  SC1.9 17 ,  NO. 6 r  1 6 3 7 - 1 6 5 9 ,  OEC. 1 9 8 2 .  

BENSON,R.F. 
ORDINARY MODE AURORAL < I L O Y E T R I C  RAD IAT ION,  Y I T H  HARMONICSI OBSERVED BY I S I S  I 

* R A D I O  SC1.r 19, ND. 2 ,  5 4 3 - 5 5 0 9  MAR.-APR. 1 9 8 4 .  

BENSON9R.F. 
AURORAL K I L O M E T R I C  RADIATION:  WAVE MOOES, HARMONICSi AND SOURCE REGION ELECTRON DENSITY STRUCTURES 

*J. GEOPHYS. R E S . ,  90, NO. A 3 9  2 7 5 3 - 2 7 8 4 ,  YAR. 1985 .  

BENSON ,R-F. 
F I E L D - A L I G N E D  ELECTRON DENSITY I R R E G U L A R I T I E S  NEAR 5 0 0  KM: EQUATOR TO POLAR CAP TOPSXDE SOUNDER 
OBSERVATIONS 

*RADIO SCI.9 2 0 ,  NO. 3 9  4 7 7 - 4 8 5 1  JUNE 1985 .  

BENSDN*R.F. HOEGYIY-R. 
EFFECT OF AN ISOTROPIC N D N - E Q U I L I B R I U M  PLASMA ON ELECTRON TEMPERATURE MEASUREMENTS 
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*J. GEOPHYS. RES..  789 NO. 2 2 ,  4702-4706s AUG. 1973. 

109 BENSONIR-F. BITOUNIJ. 
INTERPRETATION OF S A T E L L I T E  GYROHARMONIC SESONANCE OBSESVATIONS 

+RADIO SC1.r 1 4 9  NO. 1 9  113-1239 JANa-FEB. 1979. 

110 BENSON9R.F. CALVERTvU. 
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+NASA GSFCt TM-X-70608 ,  X - 5 9 1 - 7 3 - 2 8 1 9  GREEVBELTI Y D v  DEC. 1 9 7 3 .  
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8 1 4  SiARBERsJ.R. 
ACCELERATION AN0 P R E C I P I T A T I O N  OF N I G H T S I D E  AURORAL P C ? T I C L E S  

*TEXAS A+M U.9 PH.0. THESIS, COLLEGE STATION,  1 x 1  1 9 7 2 0  

8 1 5  SHARMA,R.P. MULDREWIO.B. 
LUNAR EFFECT I N  THE 3CCURREYC.T OF CONJJSATE ECHOES ON 73DSIOE SOUNDER IONOGRA4S 

*J. GEOPHYS. RES. ,  78, NO. 3 4 ,  8 2 5 1 - 8 2 6 0 1  OEC. 1 9 7 3 .  

8 1 6  SHARMArR.P. MULOREW,O.B. 
SEAS3NAL AN0 L O V G I T U 3 I N A L  V A R I A T I 3 N S  I N  T i €  OCCURRENCC FREQUENCY OF MAGNETOSPHERIC I O N I Z A T I O N  DUCTS 

*JI GEOPHYS. RES.. 80, NO. 7 1  9 7 7 - 9 8 4 1  MAR. 1 9 7 5 .  

8 1 7  SHARMA,S.P. HEUENS9E.J. 
STUDY OF THE EQUATORIAL ANOYALY AT AMERICAN LONGITUOES OURING SUNSPOT MINIMUM 

*J. ATMOS. T E R R .  PHYS.9 381 V O .  5 r  4 7 5 - 4 8 4 9  M A Y  1976. 

818  SHAUHANIS.~. GURNETT,O.A. 
FRACTIONAL CONCENTRATION OF HYDROGEN IONS I N  THE IONOSPHERE FROM VLF PROTON U H I S T L E R  MEASUREMENT 

*J. GFOPHYS. R E S . ,  7 1 9  47 -59 .  JAN. 1 9 6 6 .  

8 1 9  SHAUHANvS.0. BLOCK9L.P. FALTHAMMAR,C.G. 
CONJUGATE PHOTOELECTRON IMPhCT I O N I Z A T I O N  

*J. ATMOS. T E R R .  PHYS.1 3 2 9  1 8 8 5 - 1 9 0 0 ,  DEC. 1970 .  

8 2 0  SUEARMANIE.O.R. 
SUCCESS OF CANADA'S "TOPSIOE SOUNOER" S A T E L L I T E  

fNEU S C I E N T I S T ,  NO. 3 2 8 9  4 5 6 - 4 5 6 9  FEE. 1 9 6 3 .  

8 2 1  SHEPERTYCK1,T.H. 
S I X T E E N  CHANUEL S I L I C O N  IVTEGRATEO C I R E U I  T ENCCOER FDR THE I S I S - A  S A T E L L I T E  P A R T I C L E  COUNTING 

*CAN. AEROSP. J., 1 2 9  NO. 1 0 9  403-4081 OEC. 1966 .  

8 2 2  SHEPERTYCKI 1T.H. 
INTEGRATED C I R C U I T  CHECK OUT SYSTEM FOR A S A T E L L I T E  OATA ENCODER 

*CAN. AERONAUT. SPACE J.r 1 3 9  4 5 7 - 4 5 9 1  D C Z .  1 9 6 7 .  

8 2 3  SHEPERTYCKIr  T.H. 
DEVELOPMENT OF AN INTEGRATED C I R C U I T  DATA ENCODER FOR A P A R T I C L E  COUNTING S A T E L L I T E  EXPERIMENT 

*NATL. RES. COUNC. OF CAN., ERB-802,  OTTAUAI CAN., JAN. 1 9 6 9 .  

R 7 4  S4EPHERD.G.G. 

EXPERIMENT 

._ 
cASEOUS ELECTRONICS I N  THE UPPER ATMOSPHERE - SOME RECENT OBSERVATIONS OF THE ATOMIC OXYGEN 5 5 7 7  AN0 6300 
ANGSTROM E M I S S I O N S  

* I Y  --  GASEOUS ELECTR0N.r 7 1 - 8 5 .  EO. J.W. MCGOUAN ANI) P.K. JOHN, NORTH-HOLLAND PUBL. C0.s AMSTERDAM, THE 
NETHERLANDS. 1 9 7 4 .  

8 2 5  SHEPHERD,G.G. 
GLOBAL PATTERN OF 6300 ANGSTRON ATOMIC OXYGEN E M I S S I O N  AS SEEN FROM THE I S I S - 2  SPACECRAFT 

THE NETHERLANOSv 1975 .  
* I N  -- ATNOSPHERES OF EARTU AND THE P L A U E T S t  283-288* LO. B.M. MCCORMACI 0- R E I O E L  PUB. C O S .  OORDRECHTI 

8 2 6  SHEPHERDIG.G. 
AURORAL STRUCTURE AN0 DYNAMICS 

YOLTET, D. R E I O E L  PUBL. C0.r D l R O R E C H T i  THE NETHERLANDSI 1 9 7 7 .  
* I Y  -- DIN. AVO CiEM. COUPLING BETUEEN THE NEUTRUL AND I O N I Z E 0  ATM0S.s 2 7 5 - 2 9 0 1  8. GRANDAL AND J. A. 

8 2 7  SHEPHER0vG.G. 
OAYSIOE C L E F T  AURORA AN0 I T S  IONOSPHERIC EFFECTS 

* R E V .  GEOPHYS. SPACE PHIS., 17,  NO. 8 ,  2 0 1 7 - 2 0 3 3 9  NOV. 1379 .  

828  SHEPHERDsG-G. 
COORDINATED IONOSPHERIC AND MAGNETOSPHERIC OBSERVATIONS F R O M  THE rsrs 2 SATELLITE a y  THE ISIS 2 
EXPERIMENTERS VOLUME 2 AURORAL O P T I C A L  E M I S S I O N S i  MAGNETIC F I E L O  PERTURBATIONSI AND PLASMA 
THARACTFRISTICS.  MEASURE3 SIMULTAVEOUSLY 3 N  THE SAME YAOVETIC F I E L O  L I N E  __..... ~ ~ 

* iSSOCv B O - 0 9 9  GREENBELT, MOI DEC. 1980. 

8 2 9  SHEPHER0vG.G. TH1RKETTLE~F.U. 
MAGNETOSPHERIC 3 A Y S I 3 E  CUSP - A TOPSIDE V I E U  OF I T S  €300-ANGSTROM ATOMIC OXYGEN E M I S S I O N  

rSC1ENCEv 180, NO. 4087 ,  7 3 7 - 7 3 9 9  MAY 1973 .  

830 SHEPHERO9G.G. FANCOTTIT. MCNALLYeJ. KERR9H.S. 

*CAN. AERONAUT. SPACE J.r 3 2 9 - 3 3 0 1  OEC. 1 9 7 2 .  
I S I S  2 ATOMIC OXYGEN REO L I N E  PHOTOMETER 

8 3 1  SHEPWER0vG.G. ANGERvC.0. BRACEeLiH.  BURROWSIJ-R. HE1KKILArU.J.  HOFFMANvJ. 
MAIER9E.J. UHITTEKER+J.H. 
OBSERVATION OF POLAR AURORA AN3 AIRGLOU FROM THE ISIJ. 2 SPACECRAFT 

*PLANET. SPACE sC1.1 2 1 1  8 1 9 - 8 2 9 .  MAY 1973 .  

8 3 2  SHEPHERD9G.G. BRACE9L.H. UHITTEKER*J.H. 
PREDAWN ENHANCEMENT OF 6300A E M I S S I O N  OBSERVED NEAR THE PLASMAPAUSE FROM THE I S I S  2 SPACECRAFl 

*J. GEOPHYS. RES., 7 8 1  NO. 229 4 6 8 9 - 4 6 9 5 .  4UG. 1973 .  

8 3 3  SHEPHERDsG-G. COGGERIL.L. BURROYSI J.R. 
M ID-LATITL i3E  AURORAS AN0 SAR ARCS OBSERVED FROM THE I S I S  2 SPACECRAFT OURING THE AUGUST 1 9 7 2  GEOMAGNETIC 
S T O R M  

*J. GCOPHYS. RES.,  811 NO. 2 5 .  4 5 9 7 - 4 6 0 2 9  SEPT. 1976 .  

8 3 4  SHEPHERO, G. G. THIRKE TTLEs F. !d. A NGER9C.D. 
TOPSIDE O P T I C A L  V I E Y  OF THE OAYSIOE CLEFT AURORA 

*PLANET. SPACE SCI., 24 ,  9 3 7 - 9 4 4 9  OCT. 1 9 7 6 .  

8 3 5  SHEPHERD*G.G. .~HITTEYERIJ.H. UIYNINGHAY,J.O. HOFFPlAV.J.4. MAIER9E.J. BRACE,L.H. 
BURR0WSvJ.R. COGGER. L.L. 
TOPSIDE MAGNETOSPHERIC CLEFT IONOSPHERE OBSERVEO FROM THE I S I S  2 SPACECRAFT 

*J. GEOPHYS. R E S . ,  819  NO. 341 6 0 9 2 - 6 1 0 2 s  DEC. 1976 .  

8 3 6  SHEPHER9IG.G. BRACE,L.H. BUSR0USsJ.R. q0FFMANvJ.H. JAMES,H.G. <LUMPA?+O.Y. 
NAGY,A.F. S T A T H O P O U L O S ~ E .  UHITTEKER~J.~. 
UNUSUAL SAR ARC OBSERVED OURING R I N G  CURRENT DEVELOPMENT, 4 AUGUST 1 9 7 2  .~ 

+PLANET. SPACE SC1.r 2 8 9  YO. I r  6 9 - 8 4 .  J4Y. 1980 .  

8 3 7  SHEPHER0iG.G. UINNINGHAMsJ.0. BUNN.F.E. TH1RKETTLCvF.W. 
E M P I R I C A L  OETERMINATION OF THE PRODUCTION E F F I C I E N C Y  FOR AURORAL 6 3 0 0 - A  E M I S S I O N  BY ENERGETIC ELECTRONS 

*J. GEOPHYS. RES., 85,  NO. A29 7 1 5 - 7 2 1 s  FEE. 1980. 

8 3 8  S4EPHERDvM.M. 
F I E L O  L I N E  PROJECTIONS OF 6 3 0 0  A AURORAL E M I S S I O N S  I N T O  THE OUTER ATMOSPHERE 

+ROYAL INST. OF TECH., TRITA-EPP-79-11,  STOCKHOLMi SWEDEN, J U L Y  1979 .  

839  SiEPHERD9M.M. SHEPHEROIG.G. 
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COMMENTS ON LOU-ALTITUDE O P T I C A L  SIGNATURES OF MAGNETOSPHERIC BOUNOARY LAYERS 
* I N  -- MAGNETOSPHERIC BOUNDARY LAYERS, ESP-SP-1481 207-208 ,  €SA, PARIS ,  FRANCE, AUG. 1979.  

8 4 0  SHEPHERDiM.M. SHEPHEROIG.C. 
PROJECTION OF AURORAL I N T E N S I T Y  CONTOURS I N T O  THE MAGNETOSPHERE 

+PLANET. SPACE SC1.r 33, NO. 2 1  1 8 3 - 1 8 9 1  FE8. 1985.  

8 4 1  SHKAROFSKY1I.P. 
HIGHER O R D E R  CYCLOTRON HARMONIC RESONANCES AND THEIR OBSERVATION I N  THE LABORATORY AND I N  THE IONOSPHERE 

.J. GEOPHYS. RES., 73,  NO. 15 ,  4859-4867 ,  AUG. 1968.  

8 4 2  SHKAROFSKY1I.P. 
OETECTION OF THE HYBRID RESONANCE BY S A T E L L I T E  

* I N  --  PLASMA UAVES I N  SPACE AND I N  THE LAB., 2, 159-1679 J.0. THOMAS, AM. E L S E V I E R  PUBL. C0.v NEW YORKI 
NY, 1970.  

8 4 3  SHMOYSIJ. 
MULTIPATH E F F E C T S  I N  TOPSIDE SOUNDING I U  IONOSPHCRIC DUCTS 

+J. GEOPHYS. RES., 7 4 1  NO. 9 r  2 2 6 5 - 2 2 7 0 1  MAY 1969.  

8 4 4  SINGLETONIO.~. 
MORPHOLOGY OF SPREAD-F OCCURRENCE OVER HALF A SUNSPOT CYCLE 

*J. GEOPHYS. RES., 739 NO. l r  295 -308 ,  JAN. 1968 .  

8 4 5  SLUTSKER9S.M. 
A V A L Y S I S  OF THE N ( Z )  P R O F I L E  OF THE UPPER IONOSP-IERE FROM DATA OF V E R T I C A L  PROBING FROM THE EARTH'S 
SURFACE 

*GEOMAG. AER0N.r 11, NO. 1, 157-1599  JAN. 1971 .  

846  SMITH9J.B. 
A M P L I F I E R  FOR ELECTRON M U C T I P L I E R  PULSE ZOUNTING A P P L I C A T I O N S  

+REV. S C I E N T I F I C  INSTRUM., 439 NO. 31 488-4929  MAR. 1972.  

8 4 7  SMITH,P.A. 
DETERMINATION OF V E R T I C h L  D I S T R I B U T I O N S  OF PLASMA TEMPERATURE AND COMPOSITIDN FROM S A T E L L I T E  MEASUREMENTS 

*J. ATMOS. T E R R .  PHYS- r  30, 1 2 0 3 - 1 2 0 9 ,  JUYE 1968 .  

848  SMITHIP.A. KA1SERvB.A. 
ESTIMATES OF IONOSPHERIC COMPOSITION AND TEMPERATURE D E R I V E D  FROM TOPSIDE SOUNDER ELECTRON SCALE HEIGHT 
DATA 

*J. ATMOS. TERR. PHYS.1 29,  1 3 4 5 - 1 3 5 3 ,  NOV. 1967.  

849  SMITH9P.A. KING9J.U. 
CHANGES I N  THE TOPSIDE IONOSPHERE OURING SOLAR E C L I P S E S  

* I N  --  SOLAR E C L I P S E S  AND THE IONOSPHE?E, UNNUMBEREOi 295-2989  M. ANASTASSIADZSv PLENUM PRESS. NEW YORKI 
NY, 1969.  

8 5 0  SMITH,R.L. BRICE,N.M. KATSUFRAKISpJ.  GURNETTIOSA. 8ARRINGTON~R.E.  SHAUHANISIO. 
BELRO SE t J S. 
I O N  GYROFREQUENCY PHENOMENON OBSERVE0 I N  S A T E L L I T E S  

*NATURE* 2041 NO. 4955 ,  274 -2751  O C T .  1964.  

8 5 1  SOB0LEVArT.M. 
DIURNAL V A R I A T I O N S  I N  ELECTROY D E N S I T Y  D I S T R I B U T I O N  OF THE Q U I E T  IOMOSPHESE AT M I I J L E  L A T I T U I E S  

*GEOMAG. AERON.. 13 ,  NO. 5 r  790-7939  SEPT. 1973 .  

852  SOICHER,H. 
SUNRISE E F F E C T S  O N  r i E  LATITUDI NIL VARIATIONS OF TOPSIDE IONOSPHERIC DENSITIES AND SCALE HEIGHTS 

*NLTURE PHYS. SCI., 239,  NO. 931  93 -95 .  OCT. 1972.  

8 5 3  SOICHERvH. 
SHALLOU SOLAR Z E N I T H  ANGLE CONTROL T O  TOPSIDE IONOSPHERIC PARAMETERS 

'NATURE PHYS. SC1.r 2409 107-1091  DEC. 1372.  

8 5 4  SOICHERIH. 
TOPSIDE IONOSPHERE AT M I D L A T I T U O E S  DURING LOCAL SUNRISE 

*J. ATMOS. TERR. PHYS.9 3 5 1  6 5 7 - 6 6 8 1  APR. 1973 .  

8 5 5  S0MAYAJULUpY.V. 
RECENT PROGRESS I N  THE STUDY OF IONOSPHERIC S T O R M S  

*J. SCI .  INDUS. RES.r  30, 394-4079 AUG. 1971 .  

856  S0MAYAJULU.Y.V. MACK.D.G. 
C Y A N G E S  IN THE TOPS ID^ IONOSPHERE IN T H E  L O U  AND EQUATORIAL LATITUDE REGIONS DURING THE MODERATELY SEVERE 
MAGNETIC STORM EVENT OF JUNE 1 5 - 1 8 ,  1965 

+PENN. STATE U.r IONOS. RES. LAB., PSU- IRL-SCI -399,  U N I V E R S I T Y  PARK1 PA. SEPT. 1972 .  

8 5 7  S0UTHERNpR.U. 
GROUYO-BASED RECEIVER USES STEP-TUNING T O  TRACK H F  SIGUALS FROM ALOUETTE 

*CAN. ELECTRON. ENG.. 7 1  NO. 7 r  3 4 - 3 7 ,  JULY 1963.  

8 5 8  SOUTHERN*R.U. BOULOING,J.D.R. 
GROUND TRACK DATA ON THE 95  R E P E T I T I V E  O R 3 I T S  OF THE ALOUETTE S A T E L L I T E  

+OEF. RES. TELECOMMUN. ESTABL.9 REP. NO. 1126 .  OTTAUAr CAN., 1963 .  

8 5 9  STILES9G.S. H0NESvE.U.v JR. UINN1NGHAMiJ.D. LEPPING-R.P. 0ELANA.B.S. 
IONOSONOE OBSERVATIONS OF THE NORTHERN MAGNETOSPHERIC CLEFT OURING DECEMBER 1974  AND JAN. 1975  

+J. GEOPHYS. RES.,  82. NO. l r  67 -73 ,  JAN. 1977 .  

8 6 0  STURROCKIP.A. 
D I P O L E  RESONANCES I N  A HOMOGENEOUS PLASMA I N  A MAGNETIC F I E L O  

*PHYS. F L U I D S ,  8 1  88-36, JAN. 1965 .  

8 6 1  SYLVAINiM.  ROUX.0. BERTHELIERiA.  GUERINgC. MOZERIF.S. 
SIMULTANEOUS OBSERVATIONS OF THE HOTION OF LARGE-SCALE ELECTRON DENSITY I R R E G U L A R I T I E S  AND OF IONOSPHERIC 
E L E C T R I C  F I E L D  NEAR T H E  POLAR B O R D E R  OF THE SOUTHERN AURORAL ZONE 

+SPACE RES.+ 159 477-4839 1975 (PROC. OF THE 17TH C O S P P R  PLENARY MEETING, SA3  ?AU-O*  9 R A Z I L v  JUNE 1 7 - J U L Y  
l r  1 9 7 4 ) .  

8 6 2  T A I E B i C .  
PRELIMINARY RESULTS OF COMPARISON BETUEEN WOMSON SCATTER AND TOPSIDE SOUNDER MEASUREMENTS 

*PROC. OF THE I E E E s  5 7 1  1161-11639  JUNE 1969.  1 4 v  

8 6 3  TATARONIS,J.A. CRAUF0RDpF.U. 
ALOUETTE PLASMA RESONANCE PHENOMENA 

NYI 1970.  
+ I N  -- PLASHA UAVES I N  SPACE AND I N  THE LAB., 2 1  91 -109 ,  J.0. THOHASI AM. E L S E V I E R  PUBL. C0.r NEU YORKi 

8 6 4  TAYLOR*G.N. 
SIMULTANEOUS TOP-SIOE SOUNDER AND INCOHERENT SCATTER MEASUREMENTS I N  1HE IONOSPHERIC F-REGION 

* I N  -- RRE NEUSLETTER AN0 RESEARCH R E V . ,  N3. 9 1  27 /1 -27 /2 ,  ROY.  RADAR ESTA3L.1 MALVERNt ENGLAND, 1970.  
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TAYLORIG.N. URENN1G.L. 
COMPARISONS OF SINULTAVEOUS S A T E L L I T E  A I 1 1  GROUND-SASE3 MEASUREMENTS OF IONOSPHERIC PARAMETERS 

*PLANET. SPACE SCI., 18, 1 6 6 3 - 1 6 6 6 .  NOV. 1970 .  

THOMAS1J.A. 
CONJUGATE HF DUCTING 

* I N  -- CONJUGATE POINT SYYP.9 I E R T Y - I T S A  729  29 1 1 1 - 1 8 - 1  T O  111-16-79 BOULDERt COI J U L Y  1967.  

THOMASIJ.OI 
CANAOIAN S A T E L L I T E  - THE T O P S I 3 E  SOUNDER ALOUETTE 

*SCIENCE*  1399  NO. 3559 229-232 ,  JAN. 1953.  

THOMASI J.0. WESTOVERID. 
CALCULATION OF ELECTRON DENSITY P R O F I L E S  FROM TOPSIDE IONOGRAHS U S I N G  A D I G I T A L  COMPUTER 

*STANFORD U.1  SEL 63-130.  STANFORD1 CAr  AUG. 1963.  

THOMASIJ-O. SA3ERvA.Y. 
ALOUETTE T O P S I D E  SOUNDINGS MONITORED AT STANFORO U N I V E R S I T Y  

*STANFORD U.r R A D I O  SCI .  LAB., ELECTRON LAB., TECH. REPT. NO. 6 9  S E L - 6 4 - 0 0 7 ,  STANFORDI CAI DEC. 1963.  

THOMASIJ.~. SA3ERqA.Y. 
ELECTRON D E N S I T Y  AT THE ALOUETTE O R B I T  

*J. GEOPHYS. RES., 69.  NO. 2 1 1  4561-45819  NOV. 1964 .  

THOMASI J.0. DUFOURIS~U. 
ELECTRON DENSITY I N  THE d H I S T L E R  HEDIUY 

~ N A T U R E I  2 0 6 1  NO. 49849 567-5711  MAY 1965.  

THOMAS1J.O. ANDREWS9M.K. 
TRANSPOLAR EXOSPHERIC PLASMA 1. PLASMASPHERE TERMINATION 

*J. GEOPHYS. R E S . r  739 V O .  231  1407-74179  3EC. 1968.  

THOMAS rJ.0. ANDREUSIM.K. 
RESONANCES OBSERVED B Y  RADIO PULSE SOUNDERS AND T H E I R  A P P L I C A T I O N  T O  MEASUREMENTS I N  SPACE 

* I N  -- PLASMA dAVES 1’4 SPACE AYJ  I N  THE L43.1 l r  3 -39 .  AM. E L S E V I E R  PUBL. C0.r NEW Y O R K i  N Y r  1969.  

THOMASI J. 0. 
TRANSPOLAR EXOSPHERIC PLASMA, 3 - A U N I F I E D  PICTURE 

ANDREUS, M. K. 

*PLANET. SPACE SC1.r 1 7 ,  433-4469 MAR. 1969.  

THOMASIJ.~. RYCROFT1Y.J. 
EXOSPHERIC PLASMA DURING THE I N T E R N A T I O N A L  YEARS OF THE 3 U I E T  SUV 

*PLANET. SPACE Sc1.1 189 NO. l r  4 1 - 6 3 1  JAN. 1970.  

THOMASIJ.~. LONG1A.R. YESTOVERID. 
CALCULATION O F  TLECT?OY DENSITY P X O F I L E S  -RON TOPSIDE SOUNDER RECORDS 

tJ. GEOPHYS. RES., 681 NO. 109 3237-3242 .  MAY 1963.  

THOMASvJ.0. 8RItGSvB.R. C0LIN.L.  RYCR0FT.M.J. COVERTvM. 
IONOSPHERE TOPSIDE SOUNDER S T U D I E S  1.REDUCTION OF ALOUETTE 1 IONOGRAMS T O  ELECTRON DENSITY PROFILES 

* Y A S A r  T N - 0 - 2 8 8 2 1  UASi.9 DCv JULY 1965 .  

THOMAStJ.0. RVCROFTIM.J. C0VERT.M. BRIGGS9B.R. C0LIN.L. 
IONOSPHERE TOPSIDE SOUNDER S T U D I E S  2.THE CALCULATION OF THE ELECTRON DENSITY AND THE MAGNETIC F I E L D  
PARAYETERS AT THE ALOUETTE 1 O R B I T  

*NASA* TN 0-2921 .  UASH.r DCI J J L Y  1965 .  

THOMASIJ.~. RYCROFT1M.J. C O L I N v L .  CHAN,K.L. 
TOPSIDE IONOSPHERE 

AMSTERDAM, THE NETHERLANOSI 1966 .  
‘IY - -  ELECTROY D E N S I T Y  P R O F I L E S  I N  IONOS. AND EX0S. r  298-5579 J. FRIHAGEN. NORTH-HOLLAND PUBL. C0.r 

lHOt4bS1J.0. RYCROFTIM.J. COLINIL. CHAN*K.L. 
ANALYSIS OF ALOUETTE 1 TOPSIDE IONOGRAMS 

AMSTERDAMI THE NETHERLANDSI 1966.  
* I N  -- ELECTRON OEVSITY P R O F I L E S  I Y  IONOS. AND EX3S.r 299-5219 J. FRIHAGAN. NORTH-HOLLAND PUEL. CO.9 

THOWPSON+R.J. 
P L  WHISTLERS 

+PLANET. SPACE SCI.1 2 5 9  NO. l l r  1 0 3 7 - 1 0 4 3 +  NOV. 1977 .  

THOMS0NvR.J. DOUDENIR.L. 
SIMULTANEOUS GROUND AND S A T E L L I T E  RECEPTION OF W H I S T L E R S  

*J. ATMOS. T E R R .  PHVS.r 391  NO. 8 1  869-0779 879-8901  AUG. 1977 .  

THROSHICHEV,O.A. 
ZONES OF THE CORPUSCULAR P R E C I P I T A T I O N S  AND THE STRUCTURE 3 F  THE YAGNETOSPHESE 

* I N  -- AURORAEI NO. 21 ,  26-47.  NAUKA, MOSCOUI 1974. 

TIMLECK1P.L. NELt4SiG.L. 
ELECTRON D E N S I T I E S  L 5 S S  THAN 130 ELECTROV CM-3 I N  THE TODSIOE IONDSPHERE 

rPROC. OF THE IEEEI  5 7 1  1164-1171 .  JUNE 1969.  

TITHERIDGEIJ.E. 
PLASYA TEMPERATJRES F R 3 M  ALOUETTE 1 ELECTRON DENSITV P R O F I L E S  

*PLANET. SPACE SC1.i 241 247-2591  MAR. 1976.  

TITHERIDGEIJ.E. 
I O N  T R A N S I T I O N  HEIGHTS FROM TOPSIDE ELECTRON DENSITY P R O F I L E S  

*PLANET. SPACE SCI.9 249 229-2451  MAR. 1976 .  

TITHERIDGE1 J.E. 
D I R E C T  ESTIMATES OF SCALE HEIGHT FROM TOPSIDE IONOGRAMS 

*J. A T M O S .  T E R R .  PHYS.1 389 623-6269  JUNE 1976 .  
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APPENDIX A - DEFINITIONS 

NLA - N o  mnger 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. 

NSSDC I D  - 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., 6 9 - 0 0 9 A  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 6 9 - 0 0 9 A  are numbered 6 9 - 0 0 9 A - 0 1 ,  
6 9 - 0 0 9 A - 0 2 ,  etc. Similarly, data sets corresponding to 
experiment 6 9 - 0 0 9 A - 0 1  are coded 6 9 - 0 0 9 A - O 1 A ,  - 0 1 B ,  etc. 
Each prelaunch spacecraft and experiment is also assigned 
an NSSDC I D  code based on the name of the spacecraft. For 
example, the approved NASA mission Solar Mesosphere Ekplorer 
was coded SME prior to launch. The experiments carried aboard 
this spacecraft were coded SME - 0 1 ,  SME -02, etc. Once it was 
launched, its prelaunch designation was changed to a 
postlaunch one: 8 1 - 1 0 0 A .  

01 

P I  

PM 

PS 

- 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) 

NSSDC Order Number Publication T i t l e  

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

NSSDC/WDC-A-R&S 84- 19 

NSSDC/WDC-A-R&S 86-02 

General Information 

NSSDC/WDC-A-R&S 81-06 
NSSDC/WDC-A-R&S 8 I- 1 o 

NSSDC/WDC-A-R&S 83-08 

NSSDC/WDC-A-R&S 85-0 1 

NSSDC/WDC-A-R&S 85-05 

Guidelines f o r  Submitting Data to  the National 

NSSDC and WDC-A-R&S Document Avai lab i l i ty  and 
Space Science Data Center 

Dis t r ibu t ion  Services 

Lunar Maps Available from NSSDC 
R e p o r t  on Active and Planned Spacecraft  and 
Experiments (September 1981 ) 

Report on Active and Planned Spacecraft  and 
Experiments (September 1983) 

Report on Active and Planned Spacecraft  and 
Experiments (February 1985) 

NSSDC Data Lis t ing  (July 1985) 
NSSDC N e w s l e t t e r  (a quar te r ly  publ icat ion)  

DOCUMENTS DESCRIBING DATA MANAGEMENT SYSTEMS 

GSFC X-931-82-14 

The P i l o t  C l i m a t e  D a t a  System Brochure 
The P i l o t  Climate Data System Catalog 
Advancements i n  Land Resource D a t a  Management: 

Advancements i n  Land Science Management: P i l o t  

"he Development of a Prototype I n t e l l i g e n t  

C r u s t a l  Dynamics Data Information System U s e r ' s  

P i l o t  Land D a t a  System 

Land Data System 

In te r f ace  f o r  NASA's S c i e n t i f i c  Database Systems 

Guide 

*This list contains documents which are ava i lab le  as hardcopy and which 
w i l l  be provided as hardcopy u n t i l  the supply is  depleted; then they will be 
provided on microfiche. Earlier ed i t ions  of documents, such as NSSLX' Lhta 
Listing and Report on Active a d  Planned Spacecmft a d  Experiments, which 
are not l i s t e d ,  are ava i lab le  on microfiche. The dagger symbol (t) 
following a l i s t e d  document t i t l e  s i g n i f i e s  t h a t  the  document is now 
provided on microfiche. 



LIST OF DOCUMENTS AVAILABLE FROM NSSDC (CONTINUED) 

DOCUMENTS DESCRIBING THE AVAILABILITY OF MPERIMENT DATA 

Astronomy 

NSSDC 74-15~ 

NSSDC/WDC-A-R&S 78-05 
NASA TI4 RP 1118 
NSSDC/WDC-A-R&S 80-07 
NSSDC/WDC-A-R&S 81-09 
NSSDC/WDC-A-RCS 83-04 
NSSDC/WDC-A-R&S 82-0 1 
NSSDC/WDC-A-R&S 84- 13 

Ionospheric Physics 

NSSDC 74-15a 

NSSDC 75-07 
NSSDC/WDC-A-R&S 80-03 

NSSDC/WDC-A-R&S 80-05 

NSSDC/WDC-A-RCS 80-09 

NSSDC/WDC-A-R&S 81-0 1 

Data Catalog of S a t e l l i t e  Experiments - Astronomy 

Directory of Astronomical Data F i l e s  
Catalog of Infrared Obeervationsf 
Astronomical Data Center B u l l e t i n ,  V o l .  1, No. 1 
Astronomical. Data Center Bul le t in ,  Vo l .  1, No. 2 
Astronomical Data Center Bu l l e t in ,  Vo l .  1, No. 3 
D i g e s t  of Celes t i a l  X-Ray Missions and Experiments 
Data Announcement Bu l l e t in :  Avai lab i l i ty  of Inf ra red  
Astronomical S a t e l l i t e  (IRAS) Data Se ts  from NSSDC 

and Solar  Physics) 

D a t a  Catalog of S a t e l l i t e  Experimentst Ionospheric 

Catalog of Xonospheric and Atmospheric Data 
Coordinated Ionospheric and Magnetospheric Obeerva- 
t i ons  from the  ISIS 2 S a t e l l i t e  by the  ISIS 2 
Experimenters, Vol .  1, Optical Auroral Images and 
Related D i r e c t  Measurements 

Coordinated Ionospheric and Magnetospheric Obeerva- 
t i o n s  from the  ISIS 2 S a t e l l i t e  by the ISIS 2 
Experimenters, V o l .  3, High-Latitude Charged 
P a r t i c l e ,  Magnetic Field and Ionospheric Plasma 
Observations During Northern Summer 

Observations from the ISIS 2 S a t e l l i t e  by the 
ISIS 2 Experimenters, Vo l .  2, Auroral Optical  
Emissions, Magnetic Field Perturbations,  and 
Plasma Charac te r i s t ics ,  Measured Simultaneously 
on the Same Magnetic Fie ld  Line 

Observations from the  ISIS 2 S a t e l l i t e  by the ISIS 
2 Experimenters, V o l .  4, A. Large Storms B. Air- 
glow and Related Measurements C. VLF Obeervationa 

Physics, ~ t e o r o l o g y ,  and Planetary Atmospheres 

Coordinated Ionospheric and Magnetospheric 

Coordinated Ionospheric and Magnetospheric 

tThie document, which i e  no longer avai lable  as hardcopy, is now provided an 
microfiche. 
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LIST OF DOCUMENTS AVAILABLE FROM NSSDC (CONTINUED) 

DOCUMENTS DESCRIBING THE AVAILABILITY OF WPERIMENT DATA (Continued) 

Meteorology and Remote Sensing 

NSSDC 74-15a 

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

NSSDC/WDC-A-R&S 84-0 9 

P a r t i c l e s  and Fields 

NSSDC 75-02 
NSSDC 75-03 
NSSDCIWDC-A-RLS 77-04 
NSSDC/WDC-A-R&S 77-04a 
NSSDC/WDC-A-R&S 79- 08 
NSSDC/WDC-A-R&S 83-0 1 
NSSDC/WDC-A-RGS 86-04 
NSSDC/WDC-A-RLS 82-28 

Planetary Atmospheres 

NSSDC 74-15a 

NSSDC 75-07 

The Nimbus 5 User's Guide 
The N i m b u s  5 Data Catalog, Vole. 1-12t 
The N i m b u s  6 User's Guide 
The N i m b u s  6 Data Catalog, Vole. 1-12t 
The N i m b u s  7 User's Guide 
N i m b u s  7 Fl ight  Evaluation Reports 1-4t 
The GOES/SMS mer's Guide+ 
Heat Capacity Mapping Mission (HCMMI User's Guide 
HCMM Information Packet (Data Catalog, Users Guide, 

Magsat Information Packet 
Data Catalog of S a t e l l i t e  Experiments - Ionospheric 
Physic6, Meteorology, and Planetary Atmospheres 

Data Announcement Bul le t in:  Space Shut t le  06TA 1 
Payload Data 

OSTA 1 Experiments 
Data Announcement Bul le t in:  The SIR-A Movie 

Daymight Image Catalog, Documentation) 

Catalog of Pa r t i c l e s  and Fields  Data 1958-1965 
Catalog of Par t i c l e s  and Fields Data 1966-1973 
Interplanetary Medium Data Book 
Interplanetary Medium Data Book - Appendix 
Interplanetary Medium Data Book, Supplement 1 
Interplanetary Medium Data Book, Supplement 2 
Interplanetary Medium D a t a  Book, Supplement 3 
Data Announcement Bul le t in:  Avai lab i l i ty  of IMP-J 

(IMP 8)  Interplanetary F ie ld  and Plasma Data 
f o r  the  In te rna t iona l  Magnetospheric Study Period 
( IS)  

Data Catalog of S a t e l l i t e  Experiments - Ionospheric 

Catalog of Ionospheric and Atmospheric Data 
Physics , Meteorology, and Planetary Atmospheres 

tThis documrent, 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 AVAILABILI'IY OF EXPERIMENT DATA (Continued) 

Planetology 

NSSDC 74-158 
NSSDC 69-05 
NSSDC 76-02 
NSSDC 70-06 
NSSDC 70-09 
NSSDC 70-18 
NSSDC 71-16 
NSSDC 72-07 
NSSDC 73-01 
NSSDC 74-08 
NSSDC/WDC-A-RIS 77-02 
NSSDC/WDC-A-RtS 78-0 3 
NSSDC 71-09 
NSSDC 73-03 
NSSDC 74-05 
JPL TM 33-595-VLl 
JPL TM 33-585-VL2 
JPL TM 33-595 
JPL TM 33-628 
JPL TM 33-723 
NSSDC 75-18 
NSSDC 76-01 
NSSDC/WDC-A-R&S 78-0 1 
NASA RP-1007 
NSSDC/WDC-A-R&S 80- 1 1 

Solar  Physics 

NSSDC 74-15c 

Data Catalog of S a t e l l i t e  Experiments - Planetology) 
Lunar Orbiter Photographic Data Package) 
S ta tus  of Avai labi l i ty  of Lunar Orbiter TV Pictures  
Apollo 1 1  Lunar Photographic Data Package) 
Apollo 12 Lunar Photographic Data Package) 
Apollo 13 Lunar Photographic Data Package) 
Apollo 14 Lunar Photographic Data Package) 
Apollo 15 Lunar Photographic Data Package) 
Apollo 16 Lunar Photographic Data Package) 
Apollo 17 Lunar Photographic Data Package) 
Catalog of Lunar Mission Data 
Lunar Transient Phenomena C a t  a logt  
Mariner 6 and 7 Photographic Data) 
Mariner 9 Data Announcement Bu l l e t in )  
Mariner 9 Data Announcement B u l l e t i n  supplement) 
Mariner Mars 71 TV Picture Catalog, Vol. 1 
Mariner Mars 71 l V  Picture Catalog, Vol. 2 
Mariner 9 TV Picture  Microfiche Library Users Guide 
Users Guide to Mariner 9 TV RDR 
Guide t o  User of Mariner Images 
S ta tus  of Avai labi l i ty  of Mariner 10 TV Pictures)  
2 ond 8 Lunar Photography Data Announcement B u l l e t i n )  
Catalog of Viking Mission Data 
Viking Lander Imaging Invest igat ions 
Apollo Seismological Invest igat ions Data User's Note 

Data Catalog of S a t e l l i t e  Experiments - Astronomy 
and Solar Physics) 

)This document, which is no longer avai lable  as hardcopy, is n m  provided on 
microfiche. 
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LIST OF DOCUMENTS AVAILABLE FROM NSSDC (CONTINUED) 

REPORTS ON MDDEIS OF THE NEAR-EARTH ENVIRONMENT 

GSFC X-60 1-72-487 

JSR, 12, 2 Feb. '75 

JSR, 11, 6 June '74 
NASA SP-3024 

NSSDC 72-06 

NSSDC 72-1 1 
NSSDC 72-12 

NSSDC 72-13 
NSSDC 72-14 

NSSDC 74-03 

NSSDC 75-11 

NS SDC/WDC -A-RbS 76-0 4 

NSSDC/WDC-A-R&S 76-06 

NSSDC/WDC-A-RLS 77-0 1 

NASA SP-3054 
NSSDC/WDC-A-RLS 79-0 1 
NS SDC /WDC-A-RCS 79-0 6 

GSFC X-601-75-136 

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

A Model of t he  S t a r f i s h  Flux i n  t he  Inner Radiation 
zone+ 

Energe t ic  Solar Proton VB. T e r r e s t r i a l l y  Trapped 
Proton Fluxes f o r  the  Active Years 1977-1983t 

Solar  Proton Fluences fo r  1977-1983t 
Models of the  Trapped Radiation Environment, 

The AE 4 Model of the  Outer Radiation Zone Electron 

The U s e  of Inner Zone Electron Model AE * 
ALLMAG, GDALMG, LINTRA: Computer Programs for  
Geomagnetic F ie ld  and Field-Line Calculat ions 

A Model Bwironment f o r  CUter Zone Electrons? 
Study of Mutual Consistency of IMP 4 Solar  Proton 

A Model of the Trapped E lec t ron  Population f o r  Solar  

SOLPRO: A Computer Code to  Calculate P robab i l i s t i c  

AE 6: A Model Environment of Trapped E lec t rons  f o r  

AP 8 Trapped Proton Environment for Solar Maximum 

A Model of the  Near-Earth Plasma Environment and 

World Maps of Constant B, L, and Flux Constants) 
SOFIP: 
A Study of Inner Zone E l e c t r o n  D a t a  and Their 

A Survey of T.ong-Term In t e rp l ane ta ry  Magnetic F ie ld  

Computation of t h e  IGRF I. Spherical  Expansions? 
Average Daily Var ia t ions  i n  the  Magnetic Fie ld  as 

V o l .  VII: Long-Term Time Variat ions 

Environment 

Data 

Minimum 

Energe t ic  Solar Proton Fluencest  

So la r  Maximum 

and Solar Minimum 

Application to the  ISEE-A and -B Orbit  

A Short  Orbi ta l  Flux In t eg ra t ion  Programt 

Comparison with Trapped Radiation Models 

V a r  i at ionet  

Observed by ATS 5t 

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

ROCKET AND SATELLITE INFORMATION AND DATA WCHANGE DOCUMENTS 

NSSDC/WDC-A-R&S 78-02 
NSSDC/WDC-A-R&S 84-01 Launch Summary f o r  1978-1982 
GSFC X-601-72-002 The National Space Science Data Center Guide to 

Launch Summary for  1973-77q 

Internat ional  Mcket Datat 

IMS/SSC REPORTS AND WHER ORBIT INFORMATION 

IMs/SSC Report No. 9 IMS Directory of Spacecraft and meriments 

GSFC X-692-70-64 Trajectories of Explorers 33, 34, and 35 July 1966- 

GSFC X-692-73-29 1 Trajectories of Btplorers 33, 35, 41, 43r and 47 

GSFC X-60 1-76-38 Trajec tor ies  of Explorers 43. 47. and 50 

NSSDC/WDC-A-RBS 86-03 Trajec tor ies  of Pioneers 6-11, Helios A and B 

C i r c u l a r  Letter Nr 7 CCOG Handbook for  the IMSGEOS (Period 1976-79)' 
Circular  Letter Nr 8 Supplement to the  CCOG Handbook f o r  the IMS-GEOS 

(Period 1976-79) 

S c i e n t i f i c  Contacts - Final Update October 1980 

A p r i l  1969 

May 1969 - December 1972 

September 1972 - December 197St 

and Voyagers 1 and 2 

NSSDC/WDC -A-R&S 79-0 2 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 1 1  2100h-December 12 0730h0 1977 

CDAW 2.1 Data Catalog The IMS Events of July 28 1200h-July 29 2000h0 1977 
CDAW 3.0 Data Catalog ISEE 1 and ISEE 2 Bow Shock Crossings 
COAW 4.0 Data Catalog 
CDAW 6.3 Data Catalog An IMS Study: Energy Transfer i n  Wear-Earth Space 

CDAW 7.0 Data Catalog 

ISEE 1 and ISEE 2 Magnetopause Crossings 

Associated with Substorms of March 22 and 31, 1979 

Expansive Phase Activity 
The Response of the Magnetotail t o  Substorm 

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

MISCELLANEOUS 
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