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International Council of Scientific Unions

FROM THE PR:SIDENT 588 BOOTH STREET
J.M, HARRISON OTTAWA 4, ONTARIO

November 15, 1967

Prof, Hisao Ukai,

Science Council of Japan,
Ueno Park,

Tokyo, Japan

Dear Prof. Ukai:

The International Council of Scientific Unions has en-
dorsed the charter of the IUCSTP and authorized the
Commission to press on with its program for the coming
years of the active sun,

This is a significant scientific enterprise and I hope
that, as in its predecessors the IGY and recently the
I0SY, your institution will play a role, You will
shortly hear from the President of the IUCSTP, Dr,
Herbert Friedman,

Sincerely,
(6D, )

J.M, Harrison



Tnternational Council of Scientific Unions
INTER~UNION COMMISSION
ON
SOLAR TERRESTRIAL PHYSICS
STP 62 (67)
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TUCSTP Secretariat,
6 Carlton House Terrace,
London SW 1.

16 November, 1967
To: ICSU National Correspondents
Dear Colleague,

At the Rome meeting of the Executive Committee of the In-
ternational Council of Scientific Unions 10, October 1967, the
constitution of the Inter-Union Commission on Solar-Terrestrial
Physics (IUCSTP) was formally approved. The terms of reference
for the Commission authorize it "to promote, organize and co-
ordinate international research and cooperative projects in
solar~tarrestrial physics" of the types that have characterized
the IGY and IQSY programs,

It is only natural that man should take a close interest
in his immediate environment .and this interest has provided the
driving force behind his explorations of the surfaces of the
continents and the oceans of the world., At a later stage, his
investigations led him to probe down into the earth's crust and
the depths of the oceans as well as into the air above. Nete~
crology began with the quest for information about the charac-
teristics of the lower atmosphere since these had an important
influence on the weather, As techniques developed, new methods
of probing the atmogphere and its ionized components up to
greater and greater heights became possible; the space vehicles
of today carry scientific instruments which can explore the
wast reaches of interplanetary space and transmit their data
back to the earth.

Probably the most important result to emerge from recent
investigations nf the upper atmosphere and interplanetary space
is the growing understanding of the role that energetic solar
radiation plays in determining the physical state of these
regions; these radiations include ultraviolet light, X-rays and
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charged particles., Research on upper atomospheric phenomena is
concerned with the nature of the interactions between these
radiations and the earth's environment. In this connection,
it is important to consider not only the interactions with the
earth's atmosphere but also those with the geomagnetic field.
In recent years, the concise term "solar-terrestrial physics"
(hereafter abbreviated to STP) has been widely used to describe
the whole complex of studies covered by research into the in-
teractions between energetic sclar radiations, the interplane-
tary medium and the near—earth environment,

There is no need to stress the fact that, in research re-
lating to STP, it is essential for scientific workers in may
disciplines to work in close collaboration; the many different
contributions which they make must he regarded as complementary
to each other in the search for a better understanding of the
processes at work in the upper atmosphere and in interplanetary
space. In addition, since STP can be studied sucessfully only
if experimental data are available from all parts of the world,
it is obviously essential for scientists from many parts of the
world to share their results and often to plan their experi-
ments in cooperation with each other so as to ensure that the
maximum advantage can be gained from the resulting data. It is
for this reason that STP is recognized as a science in which
both international and interdisciplinary cooperation and plann—
ing must receive great attention if success is to be achieved,

Within ICSU, the many disciplines which form part of STP
are spread over four of the Unions: IAU, IUGG, IUPAP, and URSI,
all of which had already collaborated during the IGY (1957-1958)
and the IQSY (1964-1965). Although the IQSY program concen—
trated almost exclusively on the acquisition of data relating
to STP, the IGY program included other types of investigation
which required international cooperation, Both the IGY and the
IWSY programs were of limited duration and they concentrated
mainly on the encouragement and coordination of synoptic-type
observations, these provided assential basic data for global
studies of many kinds, and background material for specialized
experiments with more specific objectives,

Since the end of the IQSY, discussions have taken place
from time to time on the desirability of continuing, in some
modified form, the international interdisciplinary coordina-
tion which proved to be so successful during the IQSY and the
IGY, In recognition of this need, the ICSU established the
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TIUCSTP in 1966 and one of the principal objectives of this new
Commission is to decide what form this coordination should take
in the light of present-day needs.

The enclosed document describes, in brjef form, the recom—
mendations which have recently emerged from meetings of the
IUCSTP in London (July 1967) and ST, Callen (October 1967) for
a continuing program. Although it is recommended that certain
programs of observation should be given special attention
during the next few years, it must be emphasized that it is not
the intention of IUGSTP to try to restrict the freedom of na-
tional organizations to pursue the lines cf research and the
experiments which they believe to be best suited to their
available resources and capabilities.

It is my hope that you will bring the contents of the en-
closed document to the attention of the appropriate organize-
tion in your country as soon as possible, After they have con-
sidered in what way they wish to collaborate in the programs
outlined, it would be appreciated if their plans could be com-
municated to the Acting Secretary of IUCSTP (Dr. C.M., Minnis)
in London., At a later stage, it is intended to provide more
precise informatinon about the actual intentions in each area
and detailed arrangements for cooperatioa between active
workers in each project., In the meantime, the outline provided
will give a preliminary indication of the broad intentions of
the TUCSTP and I look forward to your cooperation in helping to
make a success of this new effort in international cooperation,

Sincerely yours,

(SGD)
H., Friedman
Enc: STP 63 (67) Prezident, IUCSTP

For information to:

Secretaries General IAU, IUGG, IUPAP, URSI
I9Q3Y Participating Committees

IUCSTP Members




International Conacil of Scientific Unions
INTER~-UNION COMMISSION
ON
SOLAR-TERRESTRIAL PHYSICS

STP 63(67)

International Cooperation in Solar-Terrestrial Physics
FOREWORD

This document has been prepared jointly by the members of
the Inter-Union Commission on Solar-Terrestrial Physics
(IUCSTP) following meetings of the Commission held in the
United Kingdom and Switzerland in July and October 1967. The
information about the various projects described in the doc-
ument should be regarded as preliminary only. Early in 1968,
it is intended to circulate a second document in which more
precise plans for the execution of the projects will be given,
It is intended also to organize a General Meeting in Furope
during 1968 at which ad hoc Working Groups will discuss the
more detailed aspects of the different projects and make re—
commendations concerning their execution and the subsequent
collection and analysis of the data.

The President of IUCSTP, Dr., H., Friedman, in his circular
letter of 16 November 1967 has requested information on the
desires of national organizations and scicntists to participate
in one or more of the projects., It would be appreciated if
such information could be transmitted to the following address:

TUCSTP Secretariat,
6 Carlton House Terrace,
London SW 1,

C.M. Minnis,
16 November 1967 Acting Secretary, IUCSTP

-13~- -
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International Cooperation in Solar-Terrestrial Physics

I INTRODUCTION

In recent months, the Inter-Union Commission on Solar-
Terrestrial Physics (IUCSTP) has received many proposalsm re-
lating to the field of solar-terrestrial physics, for programmes
of observations which could be achieved mainly by making use of
existing resources during the next few years, - After consider-
ing these proposals, the Commission decided to select a limited
number of project areas and to submit this short list to nation-
al academies, research councils and similar bodies. In this
way, it is hoped to direct the attention of the international
scientific community to certain projects which seem to be im-

.portant at the present time, and particularly for the period
1968-1970, 1In some cases, the project has been selected as
being important for general reasons. In other cases, emphasis
has been given to a project because it is particularly appro-
priate to the period of maximum solar activity which will coin-
cide with the period 1968-1970 which is referred to as the In-
ternational Years of the Active Sun (IASY).

In the list of projects contained in this document, each
has been given a short title and this if followed by a brief
explanatory statement of the main features or the objectives of
the project. At a later date, further gttention will be given
to the more detailed aspects of each project, including not
only the programme of observations but also plans for the sub-
sequent study and analysis of the results, often on a coopera-
tive basis.

JT DISTRIBUTION OF INFORMATION ON PROGRAMME PLANS

The success of all the proposed programmes in solar-ter—
restrial physics (STP) can be enhanced by the arrangements, pro-
vided through IUCSTP, for national bodies and institutions to
share advance information about t?eir plans for undertaking
work in the various programmes. f such information is made
available, it is more likely that useful complementary and sup-
plementary work will be carried out by organizations in other
countries,

It is especially important to coordinate complementary ob-
servations in the case of programmes involving satellites in

-1 4 -
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order to take the maximum advantage of the relatively rate and
expensive opportunities thus provided, The authorities respon-
sible for satellite experiments are, therefore, invited to an-
nounce their plans, preferably as much as twe years in advance,
and to confirm or revise them at intervals of about six months.
A responsible scientist should take the imitiative to announce
such information as:

(a) the approximate time interval within which the lauch
is expected to take place;

(b) a brief statement listing the parameters to be meas-~
ured and giving enough information to assist in the
planning of related ground-based measurements, such as
planned orbits, senstitivity of eguirement, and rates of
sampling;

(c) recommendations as to which types of related ground-
based measurements are considered to be most useful.

Similar announcements by ground-based stations would as—
sist the planmers of rocket and satellite experiments, espe-
cially where the ground-based megsurements refer to phenomena
in the magnetosphere or interplanetary space, cr where they
involve special or non-permanent series of chservations.

111 RECOMMENDED PROJECTS FOR PERIOD 1968-1970
INCLUDING THE YEARS OF TH& ACTIVE SUN

1. Monitoring of the Solar-Terrestrial Invironment

Systematic monitoring of solar activity and the terres-
trial environment is a necessity for further progress in under-
standing most of the problems in solar-terrestrial physics,

The cooperation which was characteristic of the IGY and the

1GSY should be continued between the existing ground-based net-
works in the disciplines of solar activity, ionosphere, geco-
magnetism, aurora, airgiow, and cosmic rays. Data interchange
through World Data Centres (WDCS) and through the exchange of
publications allows the results of the monitoring prrgramme to
be used in global and regional studies and in interdisciplinary
researches. The detailed plans for the acquisition, processing
and redistribution of data will be modified in the light of
recent research experience and of plans for special experiments.

Solar X-ray, ultraviolet and particle radiations can be
monitored directly only from space vehicles, The observations
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are of basic importance in studies of many ionospheric processes
and atmospheric effects. Thus, solar monitoring from satel-
lites, preferably at distances beyond the radiation belts,
should be imporved and made continuous as soon as possible, and
the data should be made available to the scientific community
for the many special projects which depend on knowing the
changes of the solar flux with time,

It will be important also to organize, as soon as practi-
cable, the monitoring, by means of satellites in suitable
orbits, of the variations in space and time of the character-
istics of the near and distant magnetosphere and the solar wind.
It would be advantageous:

(a) to have a number of small, real-time telemetry
satellites, operating simultaneously and carrying
standard-package instruments;

(b) to include, in as many spacecraft as possible,
standard packages of radiation detectors and
magnetic field probes,

Monitor data from simultaneously operating spacecraft with
similar or equivalent instrumentation should be made available
to all experimenters as promptly as feasible, for example,
through Satellite Data Centres, This prompt supply of data
would be aided considerably by making on-board data processing
a standard procedure in spacecraft,

2. Proton Flares

Proton flares are one of the most powerful manifestations
of sclar activity; they inject into interplanetary space,
streams of atomic particles with energies often ranging up to
hundreds and even thousands of MeV, Such catastrophic out-
bursts constitute one of the most serious hazards to the sur-
vival of men in space and they may also be of concern to pas-—
sengers in future high-flying supersonic aircraft.

For the Porton Flare Project, evey available tool, both
ground-based and space-borne, will be used in the study of all
obhservational aspects of selected flares. Of particular in-
terest are:

(a) the spatial structure of local solar magnetic ficlds

at the flare source;

(b) the mechanisms by which particles are accelerated in

and ejected from active regions;
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(¢) the energy spectra and composition of the relati-
vistic particles produced by the flare;
(d) the interplanetary plasma clouds and shock waves
that propagate from the flare source both in and
outside the ecliptic plane,

The project is intended partly to improve our understand-
ing of this most energetic phenomenon originating in the solar
atmosphere and partly to develop more successful methods for
flare prediction. Routine observations should be accelerated
and, in addition, more sophisticated measurements should be in-
troduced, The choice of periods for such observations should
be coordinated with the time schedules of related satellites,
space probes, and rocket observations. Certain space projects
such as "Apollo Telescope Mount". which is scheduled for the
later portion of IASY, should be supported by the most compre-—
hensive ground-based programme of observations that can be
organised within that time interval,

3. Disturbances of the Interplanetary Magnetic Field
Configuration

During quiet solar conditions, a continuous flow of plasma
streams radially away from the sun, This solar wind carries
"frozen-in" solar magnetic field lines which, in the ecliptic
plane, attain a spiral form due to the sun's rotation, and
which appear to be bunched in "sectors" with field vectors
pointing either away from the sun or towards it. The basic
configuration of the interplanetary magnetic field can be
highly perturbed by enhanced plasma emissions from active re-
gions of the sun, and by plasma clouds and shock wayes emitted
during solar flares. Several processes are of particular im-
portance in relation to interplanetary magnetic field perturba-
tions;

(a) galactic cosmic~ray modulation;

ib solar energetic particle propagation and diffusion

through interplanetary space;

(c) particle accelaration in the neutral regions between

sectors or near shock fronts;

(d) +the structure of the interplanetary medium outside

the ecliptic plane, and

(e) the effects of interacting plasma clouds or shock

waves,

Most important for the study of the interplanetary field
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are in situ measurements of the magnetic field and observations
of the flux and anisotropy of solar energetic particles, to-
gether with precise directional measurements of consmic-ray
particles by ground-level monitors, These data should be cor-
related with solar observations throughout the entire electro-
magnetic frequency range, as well as with observations of mag-
netic and ionospheric storms and other related terrestrial
affects. The network of super-neutron monitors is an essential
element of the ohservational programme and should be appropri-
ately enlarged,

4, Determination of Characteristics of the Magnetosphere

The earth's magnetosphere behaves like an elastic container
of plasma and energetic particles enveloping the earth; it is
stretched and squeezed by the solar wind, and is capable of
transmitting perturbations in the form of waves from one point
to another. It follows that many geophysical ground-based ob-
servations provide data which are related directly to the
actual configuration of the magnetosphere and its temporal vari-
ations., For example, some geomagnetic pulsations are manifesta-—
tions of the response of the magnetosphere to changing con-
ditions in the solar wind; others are generated by plpsma re-
sonances due to an interaction between waves and particles,

A better physical understanding of such correlations would make
it possible to organize a service which could quickly provide
much information about important characteristic parameters of
the magnetosphere, such as the positions of the boundary, the
limit of the closed field lines, the plasmapause and the maxima
of the trapped particle fluxes., This project would afford
valuable data to complement in situ observations made with
rockets and space vehicles,

The immediate goal of the project would be to discover the
detailed relationships that must exist between ground-based
geophysical observations and the hehaviour of the fields, plas-
mas and energetic particles in magnetosphere and the inter-
planetary medium. On the basis of the results obtained and
their physcial interpretation, the types of surface observa-
tions that provide the most useful information about phenomena
in space would be recognized and then organized into a con-~
tinuous service which would be capable of supplying rapidly
all available information on certain characteristic parameters
of the magnetosphere.
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The execution of this project would require

(a) the establishment of appropriate observatories to
supplement those which are already in operation
and to fill any gaps in the present observatory
network, particularly in auroral and sub-auroral
latitudes and on the polar caps;

(b) the simultaneous use of satellites to measure
magnetic fields, electric field, magnetic pulsa-
tions, low—energy plasma and energetic particles
along different orbits in space; and

(c) effective means of collecting and exchanging both
ground-based and satellite data,

5. Conjugate-Foint Ixperiments

The effects induced by many magnetospheric processes can
be propagated in the form of particles or waves along a geo-
magnetic field line, If the field line forms & closed loop
linking the northern and southern hemispheres, the effects
can be detected on the ground almost simultaneously at the con-
jugate points at which the field line intersects the earth's
surface,

A great variety of phenomena such as auwra, VLF emissions,
micropulsations, and pre-dawn ionospheric heating, give rise
to such conjugate-point effects, and they can provide important
clues about the primary processes, Whistlers can be used as a
means of studying the propagation mechanism along the field
line, and the field-line geometry can be deduced from observa-
tion of the night-time opening of field lines, diurnal and
seasonal variations of conjugacy, and the artificial injection
of particles,

Conjugate-point experiments must be performed simulta—
neously in opposite hemispheres; in consequence, they require
co—operation between two or more countries. In principle,
they involve ground stations located as closely as possible to
a pair of conjugate points; however, more sophisticated ex-
periments require one station at one point and a network of
stations in the conjugate area,

0f particular importance in the field of auroras and
energetic particle precipitation are simultaneous high-altitude
observations from aircraft flying along conjugate paths or from
balloons launched in conjugate areas., Another extremely valu-
able arrangement would consist of simultaneous observations fron
a geostationary satellite and from ground stations at the con-

—_19 -
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jugate points joined by the field line on which the satellite is
located. TFinally, observations of the effects produced at con-
jugate points by particles injected along a field line, by means
of an accelerator flown on a rocket or satellite, can yield vital
information on field-line geometry and electric fields,

6. FBlectric Fields in the Magnetosphere

The distribution of plasma and the energetic particle concentration
in the magnetosphere are primarily controlled by the magnetic
field. BHowever, slowly varying electric fields, associated with
co~rotation or convection of the plasma and with ionospheric cur-
rents, are also present; these fields also exert an important in-
fluence on the charged particle population.

Very little is known at present about these electric fields.
However, their configuration is extremely importants, in general,
to particle acceleration and hydromagnetic processes in the magne-
tosphere. The experimental techniques for the direct measurement
of these d.c. electric fields are rapidly improving and could, if
applied in a coordinated programme, yield information of crucial
importance.

A study project should include systematic electric field
measurements carried out simultaneously with ion-cloud injections
at pre-fixed locations and altitudes, and with satellite measure-
ments of plasma convection possibly involving direct electric
field probes. These investigations would be valuably complemented
by ionospheric drift studies, During the initial stage of such a
programme, combined experiments using two or more methods at the
some time would be necessary to calibrate the different methods
against each other., In addition, careful studies should be made
of the effect of ion-clud injections on the field to be measured.

7. Magnetic Storms and Polar Disturbances

Magnetic storms and polar disturbances are manifiestations
of violent perturbations caused by solar plasma clouds imping-—
ing on the earth's magnetosphere, These perturbations are
morphologically complex; they invelve the whole particle popu-
lation of the magnetosphere, ranging from the cold plasma to
the most energetic of the trapped particles,

—-20 —



In order to make further advances in our understanding of
these phenomena, well-coordinated observations are necessary both
on the ground and in space. The conduct of the proposed project
would require;

(a) improvement of magnetic observations at ground stations;

(b) rapid transmission of microfilmed copies of records

and digital data from the stations to the appropriate
World Data Centres;

(c) establishment of new stations at locations lekely to

be the most useful for specific problems.

Activity indices intended to represent the physical proces-
ses involved should be recorded and made available to scientists
working in other related disciplines. Simultaneous highaltitude
balloon X-ray measurements, at high latitudes and along geomagne-
tic parallels and meridians, should be coordinated with auroral
observations from the ground, airoraft and satellites. Regard-
ing measurements in space, variations in the flux and energy
spectrum of trapped particles should be studied, especially in
the geomagnetic tail should be carefully analyzed. The recently
developed techniques of measuring electric fields in the iono-
sphere and in the magnetosphere by rockets and satellites should
be utilised also so as to provide complementary data,

8. Low-Latitude Auroras

Tropical auroras in which the luminosity exhibits a struc-
ture have been observed by the naked eye at times of great geo-
magnetic storms, but reports of such events are rare, However,
it is very likely that many barely subvisual auroras occur
which could be detected with sensitive photoelectric photo-
meters, During the last sunspot cycle, there were five geomag-
netic storms of such great intensity that they must almost cer-
tainly have been accompanied by sub-visual forms at low lati-
tudes. These great geomagnetic storms indicate a gross defor-
mation of the manetosphere, the nature of which can be revealed
by the accompanying mid-latitude and tropical luminosity.

To accomplish the observations, tropical airglow observa-
tories should be equipped with automatic scanning filter photo-
meters, After being alerted by flare-warning systems and by
networks of ground-based magnetometers, jet aircraft could fly
photometers across wide spans of latitude so as to map the ex-
tent of the auroral luminosity. At the same time, rockets in
standby readiness could be launched to traverse the disturbed
regions. Modern image-orthicon cameras are capable of recording
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detailed pictures of sub-visual auroral structures as has already
been demonstrated at mid-latitudes during a great storm in May
1967. JIonospheric sounders should be used to make observations
of anomalous E-region ionization and these observations should

be repeated at the highest practical rates under the alert con-
ditions mentioned above.

9. Basic Structure of the Upper Atmosphere

The atmosphere "breathes" in and out as a result of the
diurnal, seasonal and solar-cycle variations of the energy input
from the sun. 1In order to clarify the global picture of atmo-
spheric structure, a systematic worldwide survey of composition,
temperature and density is needed.

The air drag on satellites can be measured with high sensi-
tivity up to great altitudes and such measurements provide a
simple and precise means of following density variations. At
altitudes below 200 km, however, drag forces increase so rapid-
ly that the lifetime of a typical satellite is severely curtail-
ed. Satellites with high mass to cross-section ratios and with
restartable rocket power to sustain their lives in low orbit
are needed to explore the altmosphere below 200 km. Instru-
mentation should be included for composition, airglow and
total-density measurements,

The 80~120 km region includes the transition from a mixed
atmosphere to one in which eddy and molecular diffusion compete
with one another before diffusive equilibrium is attained at
still greater altitudes. Furthermore, the photochemical reac-
tions that occur in the 80-120 km region exert a most important
influence on tue neutral aumosphere at all greater heights,

During IQSY, small rocket techniques were developed to
probe the atmospheric structure from the high stratosphere up
to the thermosphere. Ther methods employed included the use of
explosive grenades, luminous vapour releases, falling spheres,
mass spectrumeters, obervations of airglow at different heights
and photometry of solar radiation fluxes at various wavelengths.
The techniques have only recently attained a high degree of
ahsolute accuracy and their employment thus far has been con-
fined to the vicinities of just a few rocket ranges,.

For the future, therefore, it is important to apply small rocket
methods more widely in conjuction with satellite surveys, so
as to establish the large-scale global figure of the mesoshere
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and thermosphere under basic conditions and to distinguish the
distoritions caused by micro-, meso-, and macroscale changes.

10. Atmospheric Dynamics

Atmospheric dynamics encompasses what is perhaps the most
complex system of interacting processes that faces man in the
study of his physical environment. These processes have origins
that derive in part from the behaviour of the meteorological
regions beneath, in part from interactions with the solar wind
beyond, and in part from effects induced in situ. They have
consequences that range from simple wind systems, through such
diverse phenomena as compositional changes in the neutral gas,
anomalous heating, and the modulation of energetic particle
precipitation, to the formation of various types of ionization
irregularity such as sporadic-E, spread-F, travelling disturbances
and radio auroras.

Despite the complexity of the processes invelved, recent
advances indicate that a concerted effort at this time will
lead to a greatly improved understanding of individual aspects
of these phenomena and of the system as a whole. The project
must involve an extension of normal meteorological measurements,
improved networks of standard equipment for monitoring the
ionosphere, and a judicious use of the more sophisticated (al-
though more expensive) techniques now provided by groundbased
meteor-scatter and Thomson-scatter radar systems and by high-al-
titude gun and rocket soundings.

11. Ion Chemistry of D and E Regions

It is generally agreed by ionospheric physicists that their
most urgent need is a knowledge of the identity of the poesitive
and negative ions in the D and E regions., Because of the im-
portance of minor constituents in the neutral atmosphere and
the complexity of the relevant ionic reactions, it is difficult
to deduce the fundamental processes from measurements of el-
ectron density alone, except in the most general terms. Focket
and groundhased measurements must be used in combination and at
times and places selected carefully so as to yeild the maximum
amount of scientific information. The experiments should in-
clude rocket measurements of the ionized and neutral constituents
of the D and E regions, rocket and ground-based measurements of
electron density; and measurements of the intensities of solar
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radiations and energetic particles in appropriate energy bands.
Amnng the problems which may be solved by these measurements,
if properly coordinated, are;

12,

(a) the role of meteoritic ionization;

(b) sunrise effects;

(c) ion production by mid-latitude particle precipitation;

(d) sporadic-E ionization; and

(e) +the relation between laboratory measurements of rate
coefficients and those observed in the ionosphere.

Sudden Jonospheric Disturbances (sIDs)

The coming solar maximum offers the first opportunity to

apply several recently developed rocket and satellite experi-
mental techniques to the study of solar flare ionization effect
in the D region, commonly known as SID's, It is proposed to
organize a project which will include the following sub-divisions:

(1) The recognition of the onset of a flare (within 15 sec)
by means of real-time transmission, to a launch site, of
information from a satellite which can monitor hard X-ray
intensity (exceeding 10 keV);

(2) Monitoring throughout the flare, with a time resolution
of 1 sec or better, of the solar spectrum in the range
0.05-20A.

(3) Rocket (and perhaps gun) soundings of the electron and
ion density profiles in the D and E regions between 50 and
150 km,

These should start as soon as possible after the flare warn-
ing and should be repeated at intervals throughout the dura-
tion of the flare; in every case, a control sounding must be
made after the end of the flare;

(%) Monitoring, with a time resolution of 1 sec or better,
of the phase height given by VLF radio signals, and of the
ionospheric absorption as measured by pulse, cw, and riometer
methods.

This project should reveal the effects at various levels in

the innosphere of the variations with time in the hardness of the
flare radiation and it should add greatly to an understanding of
the ion chemistry of the lower D-region.
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