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FOREWORD

This finsl report on contract NAS5-9076 compi*ises a8
bibliography of publications as of January 1970 and a compilation
of abstracts or first pages of each item in the bibliography.

A full copy of any paper is available on request.

Despite the termination of GSFC/NASA contract NAS5-9076,
our work on the data of IMP-D and IMP-E remains at a vigorous
level and will combinue for several years. The most comprehensive

and substantial studies will appear at later dates.

A% M

Van Allen
Principal Invegtigator
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Flares
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VAN ALLEN, J. A., Corrected Absclute Flux of the July 7, 1966
Solar X~-Ray Flare [Letter to the Editor]
J. Geophys. Res., 73, 6863, 1968

VAN ALLEN, J. A., Solar X-Ray Flares on May 23, 1967
World Data Center A, Upper Atmosphere Geophysices,
Report UAG-S, Februa,ry 1969, pp. L6-L7
[See also Astrophys. J., 152, L85-L86 19687

VAN ALLEN, J. A., The Solar X-Ray Flare of 7 July 1966
Amnals of the IQSY, 3, 198-201, 1969
[See also J. Geophys. Res., 72, 5903-5911, 19567]

ARMSTRONG, T. P., S. M. KRIMIGIS, and J. A. VAN ALLEN,
Observations of the Solar Particle Event of 7 July 1966
with University of Iowa Detectors
Annals of the TQSY, 3, 313-328, 1969

VAW ALLEN, J. A., and N. F. NESS, Qbserved Particle Effects of
an Interplanetary Shock Wave on 8 July 1966 [Abstract]
Annsls of the IQSY, 3, 375, 1969

KRIMIGIS, S. M., J. A. VAN ALLEN, ard T. P. ARMSTRONG, Solar
Particle Cbservations Inside the Magnetosphere during
the 7 July 1966 Proton Flare Event
Amnals of the IQSY, 3, 395-LOT, 1969

KRIMIGIS, S. M., Summary on Energetic Particles Observed Dduring
the July 1966 Proton Flare Event
Amnals of the IGSY, 3, bo7-461, 1969

VAN ALLEN, J. A., and N. F. NESS, Particle Shsdowing by the Moon,
J. Geophys. Res., T4, 71-93, 1969 .

RAO, €. 8. R., Some Observations of Energetic Electrons in the
Outer Radiation Zone During Magnetic Bays
J. Geophys. Res., T4, 79%-801, 1969

HASKELL, G. P., Anigotropic Fluxes of Energetic Particles in
the Outer Magnetosphere
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VAN ALLEN, JAMES A., Charged Particles in the Magnetosphere
Reviews of Geophysics, 7, 233-255, February-May 1969
[Magnetospheric Physics, Proc. International Symposium
on the Physics of the Magnetosphere, Washington, D. C.,
September 3-13, 1968, ed. by Donald J. Williams and
Gilbert D. Mead]

VAN ALLEN, J. A., and C. D. WENDE, The Solsr Flare of July 8, 1968
J._ Geophys. Res., Tk, 3046-3048, 1969

SENGUPTA, P. R., Effect of A <« 10 A° Solar X-Rays on the Ionosphere
between 60 and 100 km
Journal of the Institution of Telecommunication Engineers,
India, Vel. 15, No. 5, pp. 515~3208, 1969

WENDE, Charles D., Correlation of Solar Microwave and Soft X-Ray
Radiation. 1. The Solar Cycle and Slowly Varying
Componente

J. Geophys. Res., Th, 4649-L4660, 1969

WENDE, Charles D., Correlation of Solar Microwave and Soft X-Ray
Radiation. 2. The Burst Camponent
J. Geophys. Res.. Th, 6h71-6481, 1969

YEH, RTICHARD S., and JAMES A. VAN ALLEN
Alpha Particle Bmissivity of the Moon-~An Cbserved
Upper Limit
Science, 166, 370-372, 1969

VAN ATLEN, J. A., Catalog of Sclar X~Rays, Solar-Geophysical
Data, ESSA Envirommental Data Service, U. 8. Department
of Commerce:

July 1967 TER-FB-275, 125-128
September 1967 IER-FB-277, 135-136
October 1967 TER-FB-278, 118-120
December 1967 IER-FB-280, 131-13L
January 1968 IER-FB~-281, 151-153
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VAN ALLEN, J. A., Catalog of Solar X-Rays [continued]:

March 1968 TER-FB-283, 131, 1h3-14k4
April 1968 TER-FB-28kL, 137

May 1968 IER-FB-285, 127

July 1968 IER-FB-287, 169, 177-179
August 1968 TER-¥B-288, 143 -
September 1968 IER-FB-289, 134

October 1968 IER-FB-290, 129

November 1968 TER-FB~291, 152

December 1968 TER-FB-292, 137

January 1969 TER-FB-293, 129
February 1969 IER-FB-204, 129
February 1969 TER-FB-294 (Supplement), 62-63
March 1969 TER-FB-295, 138-139
April 1969 IER-FB~296, 163-164

May 1969 TER-FB-297, 1hk

July 1969 IER-FB~299, Part II, 57
July 1969 IER-FB-299, Part II, 84
August 1969 SGD 300, Part IT, 58-59
October 1969 SGDh 300, Part II, 89
November 1969 SaD 30Q, Part IT, 108
December 1969 SGD 30k, Part IT, 104
December 1969 SGD 304, Part II, 76

VAW ALLEN, J. A., On the Electric Field in the Earth's Distant
Magnetotail
U. of Iowa Research Report 69-29
J. Geophys. Res., 1 January 1970
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DRAKE, JERRY F., SR. JEAW GTBSON, 0.S.B., and JAMES A. VAN ALLEN,
Towa Catalog of Solar X-Ray Flux (2-12 A°)
U. of Iowa 69«36 )
Solar Physics, 1l [1969]

VAN ALLEN, JAMES A., Energetic Particle Phenomena in the Earth's
Magnetospheric Tall
U. of Tows 69-48 :
Earth's Particles and Fields, B. M. McCormac (Ed.), 1969
1970

THESES:

SISTER JEAN GIBSON, 0.S5.B. [June 1969]

The Correlation of X-Ray Radiation (2-12 A°) with
Microwave Radiation (10.7 cm) from the Non-Flaring
Sun

Ph.D. Thesis

JERRY F. DRAKE [Janusry 1970}
Soft Solar X-Ray Burst Characteristics
Ph.D. Thesis
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Observed Particle Effects of an Interplanetary Shock Wave
on July 8, 1966

James A, Vanw ALren

University of Towa, Towa City

NorMaN F. Ness
Goddaerd Space Flight Center, Greenbelt, Maryland

At 2106 UT on July 8 1986, a distinctive, discontinuous drop in the intensities of solar
protons B, ~ 0.5 Mev was observed by Explorer 83 in interplanetary space at 187,000 km
in the antisolar direction from the earth. The protons had been emitted by the sun in a flave
whose onset time was 0027 UT on July 7. The intensity drop is attributed to the effests of
an interplanetary shock wave whose detailed structure was observed by a triaxial fiux gate
magnetometer on the same satellite.
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The Solar X-Ray Flare of July 7, 1966

J. A. Van Avien

Department of Physics and Astronomy
University of Towa, Towa City, Iowa 53240

.

By means of a mica window Geiger~-Mueller tube on earth satellite Explorer 33, a major
golar X-ray flare was observed with 81.8-sec time resolution on July 7, 1866. The flare had its
onset at 0023, its maximum intensity at 0042, and a total duration of about 200 minutes. The
maximum energy fux was 3 X 107 erg/em® see, and the time integrated flux was 97 erg/em’
(2 < M < 12 A). Assuming equdl intensity over 2 r steradians at the sun, the total emission
m this wavelength band was 1.4 X 10° ergs, and the maximum surface luminosity of the sun
was 2.9 % 10° erg/em® sec or 45 3} 10~ of the whole radisnt luminosity of the average solar
surface. Charged particles began to arrive at the satellite at 0058, or 35 minutes after the first
deteciion of the X-ray enhancement, and remsined in the interplanetary system for at least {en
days thereafter. The intensity-time curve of the soft X rays is compared with those of 2700-
Mhz solar radio neige flux and of ionospheric sbsorption at 22 Mhz as cbserved at Penticton.



VoruMme 18, NUMBER 26 PHYSICAL REVIEW LETTERS 26 JunE 1967

SIMULTANEOUS OBSERVATIONS OF SOLAR PROTONS INSIDE
AND OUTSIDE THE MAGNETOSPHERE

8. M. Krimigis, J. A. Van Allen, and T. P. Armstrong
Department of Physies and Astronomy, University of Jowa, Iowa City, Iowa
(Received 17 April 1967)

Simultaneous observations of low-energy (~0.5 MeV) protons emitted in a solar flare of
7 July 1966 were made with detectors on board the earth satellites Explorer 33 and Injun
IV, located outside and inside the earth’s magnetosphere, respectively. We find that such
protons have full and essentially immediate ancess from interplanetary space to the po-
lar caps of the earth.

190
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Soft X-Ray (A <14 A) Emission by the Sun Since
1 July 1966. J. A. Vax AvLeN, University of Towa.—
By means of three thin mica-window Geiger—
Mueller tubes on the earth satellite Explorer 33,
a nearly continuous patrol of the soft x-ray emis-

sion by the sun has been maintained with 1-min

time resolution for the following periods:

1 July 1966-22 September 1966
9 October 1966—8 December 1966
27 December 1966-18 March 1967

and is continuing at the date of writing. Typical
sensitivity is 10~% erg (cm? sec)~! and the dynamic
range of intensity is 10% A catalogue of x-ray flare
events and detailed intensity—time profiles of selec-
ted events are presented. Four noteworthy events
which are precursors of the arrival of solar-emitted
particles are as follows: .

Ratio of
maximurm
intensity

Time of to that of

- Time of max. ambient

Date onset intensity  quiet sun
T July 1966 00:23UT 00:42 UT 28
28 August 15:22 15:3t 70
2 September 05:46 05:58 60
13 February 1967 17:55 18:24 12

- Some preliminary absolute intensities (A <14 &) are

(2) Mean quiet sun (September 1966): 4 X10~* erg
(cm? sec)~L. {b) Maximum intensity of 28 August
1966 event: 3X10-2 erg (cm? sec)™%. (c) Time-in-
tegrated emission of 28 August 1966 event (as-
sumning 27 sr at the sun): 0.7 X10% ergs. The x-ray
flare events are intimately related to the He flare
reports and to terrestrial SID’s (sudden ionospheric
disturbances). - )
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Observations of Protons in the Magnetosphere and
Magnetotail with Explorer 33

T. P. ArmMsTroNG AND S, M, Knimicis

Department of Physics and Astronomy
University of Town, fowa City, Towa 52240

Protons in the magnetosphere and magnetotail were observed with a siicon detector on
Explorer 33. Detectable fluxes of protons E, > 031 Mev were measured to 104 Bz on the
sunward side of the earth and, for the first time with the present experiment, to 80 Rg in
the magnetotail. The small proton fluxes {$56/em?® sec ster) measured in the magnetotail were
usually anisotropic, with the largest flux apparently flowing down the tail, away from the
earth. When proton bursts ocenrred 1n the tail, there was ususlly mereased high-latitude
magnetic bay activity at the earth. Durably trapped proton fluxes were observed to have
intensities and spectra in sgreement with previous megsurements. A diurnal variation (in the
L coordinate system) was observed in the 0.31- to 10-Mev trapped protons for L > 6.6 Ra.

i
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JOURNAL

PUBLISHED BY THE AMERICAN INSTITUTE OF FHYSICS
FOR THE AMERICAN ASTRONOMICAL SOCIETY

VOLUME 73 1968 June {Supplement) ~ No. 1360  NUMBER &, PART II

Special Meeting on Solar Astronomy of the American Astronomical
Society, Held 1-3 February 1968 in Tucson, Arizena by the Kitt
Peak National Obkervatory and the University of Arizona

Solar X-Ray Observations with Explorer 33,
Explorer 35, and Mariner V. J. A. Van ALLEN,
J. F. Draxke, anp Sr. ]. GiBsoN, Department of
Physics and Astronomy, University of Towe.—By
means of thin-windowed Geiger tube detectors
nearly continuous observation of the soft x-ray
emission of the whole sun has been achieved as
follows:

Wave- Time
Spacecraft  length resolution Dates of observation
Explorer 33 2-124 82sec 1 July 1966-20 Sept. 1966
164 9 Oct. 1966— 1 Dec. 1966
82 21 Dec. 1966— 3 Apr. 1967
164 21 Apr. 1967-15 June 1967
82 10 July 1967- 1 Oct. 1967
164 20 Oct. 196713 Dec, 1967

82 1 Jan. 1968—continuing as
of 30 Jan. 1968
Explorer 35 2-12A 82 19 July 1967—continuing as

of 30 Jan. 1968

(in lunar orbit: 2 to 5-hours loss per day due to
lunar occultation and eclipse)

Mariner V. 2- 84 101 14 June 1967-24 July 1967
403 24 July 1967-21 Nov. 1967

A continuing catalogue of solar flares whose maxi-
mum intensity exceeds that of the ambient quiet
sun by a factor greater than'4 is published in the
monthly Solar-Geophysical Daia (U. 8. Dept. of
Commerce). (See alse J. Geophys. Res. 72, 5903—
5911, 1967.) The high sensitivity, large dynamic
range, and continuous nature of these observations
are proving of considerable value in coordinated
studies of a variety of solar-geophysical phenomena
—viz.: physics of solar flares, solar emission of
energetic electrons, protons and alpha particles,
solar emission of microwave radio noise, and iono-
spheric absorption and ionization phenomena. Ex-
emplary data are presented, including the absolute
intensity as a function of time for the great x-ray
flares of 21 and 23 May 1967. The latter had a
maximum intensity F (2—12 A)=0.65 erg {cm?
sec)~! and is apparently the most intense x-ray
flare ever observed.

A detailed catalogue of all reduced observations
is being prepared on magnetic tape.

13



THE ASTROPHYSICAL JOURNAL, Vol. 152, May 1968

SOLAR X-RAY FLARES ON MAY 23, 1967
J. A, Van ALLEN

Department of Physics and Astronomy, University of Iowa, Iowa City
Recetved April 2, 1908

ABSTRACT

The absolute fiux of soft X-rays (2-124) from a sequence of three solar flates on May 23, 1967, is
given as a function of time with a resolution of 163.6 sec Maximum flux F(2-12 A) = 0.65 etg cm™?
sec™! occurred at 1846 U.T, This is believed to be the most intense solar X-ray flux that has been observed.

14



SOLAR X-RAY CONTROL CF THE D-LAYER OF THE IONOSEHERE

P. R. Sengupta

Department of Physics and Astronomy
University of Icws, Iowa City, Towa 52240

ABSTRACT

Solar X-ray control of the D-layer of the
icnosphere is evaluated. 1-10 A® X rays have wnit
optical depth in a layer of 4O km thickness lying
between 57 and 97 km sbove the earth. 1-10 A°
flux is extrapolated from 2-12 A° flux recorded
by University of Iowa detectors on Explorer 33
during the period July 1966 to September 1967.
Electron production rates due to typitel values
of the flux are computed. Relative importance of
X-rey ionization is estimated by comparing these
with total D-layer electron production rate and
also with camputed electron production rates due
to Lyman alpha and cosmic rays.

A high correlation is cbserved between mid-
day 30 Me/sec cosmic noise absorption over Bedford
and cbserved 2-12 A®° flux. An empirical relstion
is cbtained between midlatitude cosmic noise ab-
sorption for frequencies higher than 20 Mc/sec
and 1-10 A" flux by combining theoretical compu-
tation with the observed correlation. This rela-
tion shows thaet X-ray ionizabion, depending on the
solar activity level, is responsible for 50% to
80% of the total D layer absorption.

It is concluded that 1-1Q A® solar X-ray flux
which varies with daily solar activity and varies
by a factor of about 100 over s sunspot cycle,
conbributes up to 80% of the total D-layer ioniza-
tion depending on the solar activity. The daily
variations, es well es long term veriation over o
sunspot cycle, of the D-layer indices and the
D-layer height are traced to the importance of
X-ray ionization.

358 —~ EASQON '68 RECORD
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ROCKET AND SATELLITE STUDIES OF SOLAR X-RAY FLARES
By: P. R. Sengupta, Department of Physics and Astroncmy
The University of Towa, Iowa City, Iowa 52240

ABSTRACT: FRocket and satellite measurements of
flare X ray in different wavelength regions are
studied in detail. It is confirmed that in addi-
tion to enhancement of X-ray flux in =all the wave-
length reglons, X-ray flares are characterazed by
herdening of the X-ray spectrum with appearance of
hzrd X rays 1n some cases., Probable flare X-ray
spectral energy distribufion is obtained from the
spectral measurements made during past years.
Correlation of X-ray flares with optical flares,
radio bursts, and S.I.D.'s is considered in detail.
Probable emission mechanisms are discussed and
deteiled analysis is presented for two hard X-ray
flares to show that herd X-ray flares may be due to
non-thermal bremsstrahlung of non-relativistic
electrons accelerated during the *flash' or the
eruptive phase of the flare. The soft X-ray com-
ponent of the flare X ray is guasi-thermal in
neture. It is concluded that X-ray flares are com-
plex in nature and belong to more than one class.
Different competitive processes, wviz., enhancement
of thermal bremsstrahlung emisaion with rise in
temperature, appearance of new lines, and non-
thermal bremsstrahlung may simultanecusly be re-
sponsible for flare emission in different wave-
length regions. New experiments are suggested for
better understanding of solar X-ray flares.

364 — EASCON "68 RECORD
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VoL 73, No, 21, Noveuser 1, 1968

Corrected Absolute Flux of the July 7, 1966, Solar X-Ray Flare

J. A, VA]'.\T ALLEN

Department of Physics and Astronoiny
University of Iowa, fowa City, Towa 52840

The July 7, 1866, solar X-ray flare has besn
deseribed in an earlier paper [Van Allen, 1967].
The absolute flux F (2-12 A) in erg (cm® see)™
ig given by the formula

F(2-12A) = (1.8 X 1079 f(a)-R (1)
where B is the properly corrected counting
rate (RIX) of the detector in counts (sec)™
caused by solar X rays, « Is the angle between
the spin axis of the satellite and the satellite-
sun line, and f(e) iz the ‘geomeiric obliquity
factor.

On July 7, 1966, the value of a {124.2°) is
such that f{e) is 2 sensitive function of o, of
the X-ray spectrum, and of the collimation of
the beam,

In the earlier paper I adopted the best value
then available for f(a) (= 81), as derived
from preflight laboratory celibration data. Since
that time, it has been possible-to mutually nor-
maliza the three X-ray detectors on Explorer
33 (GM1, GM2, and GM3) and a similar cne
{GM1) on Explorer 35 using flight data. More-
over, sinee « for Explorer 35 is approximately
constant at 90° == 3°, whereas o for Explorer
33 varies continuously with time, the relative
f(a) versus & curves for the three GM detectors
on Explorer 33 have heen determined by means
of the simultaneous bodies of flight data from
the two epacecraft, using, of course, the actual
solar spectrum and the actual spread of the
solar heam. Beecause of its superior calibration
history, GM2 on Explorer 33 has been adopted
as the ‘standard’ -detector with f(0°) = 1.00
in equation 1, For GM1 on Explorer 33, f(90°)
= 10.8, and

f(124.2°) = 470 . (2)

the latter value being appropriate to the July 7,
1066, flare. All absolute fluxes in my earlier
paper must therefore be muliplied by the
factor 470/81 = 5 8.

Table 8 of that paper should be disregarded,
and the seale of absolute flux on the right-hand
side of Figure 6 should be &hifted by the above
factor. Several speeific nhsolute guantities should
be corrected to read as follows:

Pre-flare flux at 0000 UT of July 7: 64 X
107 erg {em® ges)™.

Maximum flux at 0042 UT: 0.17 erg (om®
see)™,

Time integral of flux from 0023 to' 0345 UT:
560 erzs em™.

Integrated X-ray (2 < A < 12 A) energy
emission of flare: 8.1 X 10®-ergs.

" Maximum directional intensity of whole flare
at 0042 UT: 38 x 10 ergs (sec ster)™

Maximum surface brightness of.nominal flare
area: 2.6 X 10* erg (om® see ster) ™.

Maximum luminosity of flare ares: 1.7 X 10
erpg (em® sec)™ or 26 X 10 of the whole
radiant luminesity of the average solar surface.

The nominal uncertainty in the. foregoing
absolute values is now estimated to be <50%.
It is believed uplikely that they are in error,
cither high or low, by as much as a factor of 2.

Absolute fluxes for the three X-ray flares on
May 23, 1067, stand a8 previously published
[Van Allen, 19687,

REFERENCES

Van Allen, J. A, The golar X-ray flare of July 7,
1966, J. Geophys. Res., 72, 503, 1967.

Van Allen, J. A, Soler X.ray flares on May 23,
1967, Astrophys. J., 162, 185, 1988,

{Recelved July 29, 1368.)
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The Solar X-Ray Flare of 7 july 1966

J A Yan Allen
Department of Physics and Astronomy, University of lowa, fowa City, iowa, USA

Abstract

A major solar X-ray flare was observed on 7 July 1966 by University
of Towa equipment on the spinning satellite Explorer 33. Details of the
detector are given. The maximum intensity of the X-ray flare occurred
at 0042 UT and rcached a value 28 times that of the pre-flare ambient
value. The X-ray flare is attributed to the McMath plage region 8362,

There is general overall resemblance to solar radio noise at 2700 MHz
and detajled resemblance to ionospheric D-layer absorption of cosmic
radic noise at 22 MHz.

A more detailed account is published in J. Geophys. Res., 1967, 72,
5903-5911.

18
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Observations of the Solar Particle Event of 7 July
1966 with University of lowa Detectors

T. P. Armstrong, S. M. Krimigis, and |. A. Van Allen
Department of Physics and Astronomy, University of lowa, lowa City, lowa, USA

Abstract

Nearly complete time histories from 7 July to 17 July of the intensities

of 0.31-10 MeV protons and of 2.1~17 MeV alpha particles emitted from
the solar flare of 002? UT on 7 July 1966 have been obtained with
University of Yowa particle detectors on Explorer 33. The peak intensity
of 3.5 x 10%(cm? s st MeV)~! of 0.82-1.9 MeV protons occurred be-
tween 1000 and 1100°UT on & July, approximately 34 hours after the
flare. At the same time the peak intensity of 2.1-17 MeV alpha particles
was 190 (cfa? s s}, The abundance ratio of protons to alpha particles
has been measured for the first time in the energy range from 0.5 to
4 MeV/nucleon and is found to range from 28 to 55 in this event. The time
profiles of protons and alpha particles are complex and rapid variations
of proton intensities are observed to occur in times as small as 82

seconds, the interval between data samples.

19
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Observed Particle Effects of an Interplanetary
Shock Wave on 8 July 1966

J. A, Yan Allen* and N. F, Nesst

* University of lowa, lowa City, fowa, USA
T NASA-Goddard Space Flight Center, Greenbelt, Maryland, USA

Abstract

“At 2106 UT on & July 1966, a distinctive, discontinuous drop in the
intensities of solar protons E, ~ 0.5 MeV was observed by Explorer 33
in interplanetary space at 187,000 km in the antisolar direction from the
earth. The protons had been emitted by the sun in a flare whose onset
time was 0027 UT on 7 July. The intensity drop is attributed to the
effects of an interplanetary shock wave whose detailed structure was
observed by a triaxial flux gate magnetometer on the.same satellite.”

Pablished in full in J. Geophys. Res., 1967, 72, 935942,

<0
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Solar - Particle Observations inside the Magneto-
sphere during the 7 July 1966 Proton Flare Event

S. M. Krimigls, J. A. Van Allen, and T. P. Armstrong
Department of Physics and Astronomy, The University of lowa, lowa City, lewa, USA

Abstract

Observations of protons emitted by the 7 July 1966 solar flare at
34°N 47°W with the low-altitude-high-latitude University of Iowa
satellite Injun 4 show the following: (a) High energy (&, ~ 27 MeV)
protons arrive promptly over the earth’s polar caps and decay in a
manner consistent with diffusive propagation. (b) The counting rate due
to protons in the interval 0.52 € E, < 4 MeV and moving normal to the
magnetic vector shows a double plateau as the satellite moves over the
polar caps. (¢) The position of the “knee” for protons in the above
energy interval varies from L ~ 7.5to L ~ 6.3 at magnetic local times
of about 04.5 hours and 11.5 hours, respectively, (d) After the sudden
commencement the latitude gap between trapped protons and solar
protons disappears, suggesting that some solar protons may become
trapped in the earth’s radiation belts. (¢) Simultaneous observations with
similar detectors inside the magnetosphere (Injun 4) and outside the
magnetosphere (Explorer 33) show that low-energy (~0.5 MeV) protons
have essentially immediate access from the interplanetary space to the
polar caps of the earth, Finally, the theoretical implications of these
results are discussed,
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Summary on Energetic Particles observed during
the July 1966 Proton Flare Event

3. M. Krimigis

Department of Physics and Astronomy, University of lowa, lowa City, fowa, USA

Abstract

A survey of the salient points which have emerged from observations
on energetic particles during the July 1966 proton flare event. These are:
{@) relativistic electrons of energy 3-12 MeV were observed for the
first time; (b) the ratio of protons to « particles at energy above
0.5 MeV/nucleon varies with time during the event; {¢) low-energy
protons and electrons (£ > 0.5 MeV) are confinéd-within a tube of force
of the interplanetary magnetic field; (¢) a bidiréctional anisotropy in the
stream of protons is associated with the Forbush decrease.
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Particle Shadowing by the Moon

J. A. Van Arrew

Department of Physics and Astronomy
University of Towa, Towa City, Towa 52240

N. F. Ngss
Goddard Space Flight Center, Greenbelt, Maryland 20771

During the period November 10-22, 1967, the earth-moon system was bathed in an isotropie,
homogeneous beam of solar electrons and protons whose intensities were slowly varying functions
of time. Detailed angular distribution and intensisy observations of these partioles and vector
magnetometer ohservations made simultaneously by the lunar orbiting satellite Explorer 35 are
combined to examine particle shadowing effects by the moon. During the observing period, the
moon and Explorer 35 passed from interplanetary space through the magnetotail, Simultaneous ob-
servations were made by the earth orbiting satellite Explorer 33, which was sunward of the earth’s
shock front and at large radial distance from the earth during most of the observing period. The
angular distributions of the intensity of both electrons and protons were accurately isotropic
within the magnetotail as well as in interplanetary space. Study of 33 cases of clear electron
shadowing and two cases of less clear shadowing suggests the following principal conelusions:
(a) Magnetic lines of force from external gources thread through the moon in a rectilinesr manner
as though it did not exist. The accuracy of this statement is measured by the maximum departure
from rectilinear projection that is permitted by the electron shadowing observations, This is
approximately 0.1 Epr(lunar radius) in 2 Byr or 3°, (b) Electron shadowing date provide no direct
information on the region of aceess of inferplanetary electrons into the magnetotail but do provide
an upper limit on the trans B diffusion velocity v, of electrons duo to all causes. In the central
portion of the maguetotail during magnetically quiet conditions and for radial distances < 64 rg
(earth radius), v, < 100 kmn sec? for 50 kev electrons, This upper limit requires, among other
posgibilities, that the transverse electric field

E;(=By /) £ 5 X 10™* volt meter™

Lunar shadowing of protons (B, = 322 kev) is also deseribed and discussed but is of much less
gignificance.

Yor. 74, No. 1, Januany 1, 1969
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Some Observations of Energetic Electrons in the OQuter
Radiation Zone during Magnetic Bays

C. 5. R. Rao

Department of Physics and Astronomy
The University of Iowa, lowa City, Towa 58240

‘Changes in the cutoff boundary Iatitude and flux of .electrons E, >> 40 kev in the midnight
sector of the outer radiation belt during periods when magnetic bays sre in progress are
studied in this paper from the data obtained by the University of Towa satellite Injun 4. From
this study, it is chserved that (1) the outer-zone flux in the midnight sector increases without
any change in the boundary latitude during the expansion phase of a magnetic bay and (2)
in addition to the increase in flux, there is also an extension of the boundary to higher lafi~
tudes during the recovery phase of s magnetic bay. From these observations, it is suggested
that. magnetic field line merging mey not play & primary role in the production of energetic
auroral electrons and that zcceleration of perticles takes place in-the outer zone itself and not
far out in the magnetotail.
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Anisotropic Fluxes of Energetic Particles in the
Outer Magnetosphere

G. P. Hasgmri!

Depariment of Physics and Astronomy, University of Iowa, Towa City, Towa 62240

Anisotropic fluxes of energetic particles (elecfrons, B = 50 kev; protons, E = 830 kev)
encountered by the satellite Explorer 33 in, and immediately adjacent te, the distant trapping
region have been studied, Attention has been given to their location in the frame of reference
provided by measurements of the local field. On the day side the flux is peaked at right angles -
to the field, wherens on the night side it is peaked along the field. T'wo exceptions to this rule
were found, and fluxes of “streaming’ particles were found in the magnetosheath, immediately
adjacent to the magnefopatise. The observations are compared with previous onss and are
discussed in the light of current theory,

s
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Charged Particles in the Magnetosphere'

JamEs A. Vanw AiieN

Department of Physics and Astronomy
University of Towa, Towa City 58240

1. INTRODUCTION

The object of this paper is to review observational work by the University
of Towa having to do with the dynamies of the population of charged particles
in'the outer radiation zone of the earth’s magnetosphere.

Specifie fopics are as follows:

¢. Intensity fluctuations and apparent lifetimes of outer zone electrons
having kinetic energies E, ranging from 40 kev to several Mev.

b. Ring current partioles, protons and electrons E,, E, 3> 200 ev.

¢. QGeomagnetically trapped « particles, 2.09 < B, < 15 Mev.

d. 'The electric field in the magnetospheric tail.

The spirit of the discussion iz to invite attention to a number of phenomena
that appear suffciently well established and signifieant to merit substantial
interpretative effort.

2. INTENSITY FLUCTUATIONS AND APPARENT LIFETIMES QF
QUTER ZONE ELECTRONS

The earliest comprehensive study of time fluctuations of energetic electrons
{E, = 1.6 Mev) in the outer radiation zone was conducted over the 14-month
period from October 1959 through December 1960 with the low-altitude satellite
Explorer 7 {Van Allen and Lin, 1960; Chinburg, 1960; Forbush ef al, 1361,
Pizzella el gl., 1962; Forbush et al., 1962].

Figures 1 and 2 show the time history of the normalized intensity for mag-
netic shells L == 2.5, 2.9, 3.5, 4.1, and 4.7 and L = 2.2, 2.3, 2.4, and 2.5, respec-
tively. It is seen that fuctuations by a factor of 10 are common and that ones
by a factor as great as 100 cecur oceasionally. A change in the character of the
fluctuations ocours at L ~ 4. The numerous minor fluctuations at larger L values
are less and less evident as one goes to gmaller L. On the other hand for 2.2 £
L < 4.0, those fluctuations that do oceur are of greater relative importance and
of much greater durability. This pattern of fime variations confinues inward
to L ~ 1.5, as shown in the original paper. Thus, it appears that the magnetic

1Invited review paper pregented at the Internstional Symposium on the Physics of the
Magnetosphere, Washington, D, C., September 3-13, 1088,

Copyright ® 1969 by the American Geophysical Union,
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Vor. 14, Mo, 11, Joxe 1, 1959

The Selar Flare of July 8, 1968

J. A, Van Arnex anp G, D. WeENDE

Departmnent of Physics and Astronomy
University of ITowa, Iowa City, Towa 62240

Extensive radio and optical obseérvations of
the Importance 3B solar flare of July &, 1968,
have been reported elsewhere, as have some
of its terrestrial effects. Sce Solar-Geophysical
Data, IER-FB-288 (Aupust 1968) and IER-
FB-293 (January 1969) (U. 8. Department of
Commerce).

In view of the very considerable interest in
this event, we report herein our soft X-ray ob-
servations with Hxplorer 33 and Explorer 35
reduced to absolute flux F{2-12 A} ag previously
deseribed [Van Allen, 1967, 1968]. No other
comparable measurements are known to us.

The He flare data (IER-FB-293} are as
follows:

Start: 1707 U'T
Maximum phase: 1727 UT
Position: N 13°; K 53°

MeMath plage region: 9503
Importance: 3B

Our best X-ray data during this period cams
from the lunar-orbiting Explorer 35 because of
the favorable angle (34°) between the spin
axis of the satellite and the satellite-sun line. An
important portion of the July 8 flare was not
observed with this satellite, however, because it
passed into the optical shadow of the moon at
1645 end, further, was invisible {rom the earth
for the period 1701 to 1756. Daty from Ex-
plorer 33 were obfained essentially continucusly
throughout the event. The angle between the
spin axis of Explorer 33 and the safellite-sun
line was 136°. At fhis angle the ‘geometrie
obliquity faector’ i3 large (~3800) and some-
what uncertain. Hence, the absolute X-ray
fluxes from Esplorer 35 were adopied as the

I03 b — 4 ] T ¥ T T F ) L3 b | T [l T T T L) T T T 1 T T .
T s T i i T3
A ! < EXPLORER 33 ]
3 + EXPLORER 35 ]

— =1
o

102}, - N-F—— A
- o 3
F’ b % -

% -]
g 1636 213,
) \».\ !
Ao
8 JULY 1968 :
1 j N—— l_l_ L 1 L ' L 3 ] ! L 1 1 J_J
18 19 20 2l 22UT.

Fig. 1. Composite curve of absolute solar X-ray flux F(2-12 A) from the visible digk of
the sun as observed by Ezplorer 33 and Explorer 35. The Explorer 35 data are of superior
statistical and absolute accuraey but are absent during the period 1645 to 1756. The Explorer
33 data have been arbitrarily normalized to those from Explorer 35 during the period 1756 to

1840,

3046
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(Revised May 1968)

Effec‘l‘, of 1 <« & < 10 A® Solar X-Rays
on the Ionosphere Bebween 60 and 100 kmx

by

P. R. Sengupta

Department of Physics and Astronomy
The University of Iowa
Iowa City, Towa

March 1968

*This work was supported in part by the National Aeronautics and
Space Administration under Contract No. NAS5-9076.



ABSTRACT

Computations have been made in order to evaluate the
ionospheric effects caused by the observed 2 <A <12 A° x-ray
quiescent flux and flare flux., Of sevenbty-two solar x-ray flares
having F(2-12 A°) greater than 3 X 1073 erg/cm2 sec as recorded by
the University of Iowa detector on Explorer 33 sixty-seven are
found to be accompanied by reported S.I.D.'s in which the electron
density of the ionosphere between 60 to 100 km undergoes & rapid
increase during a few minutes., These rapid increases in electron
density are presumably caused by the enhanced x-ray flux in the
wavelength range 1 <% < 10 A° because softer x-rays would be
completely sbsorbed above 100 ¥m and harder x-rays would penetrabe
below 60 km without significant attenuation at higher altitudes.

The altitudes for peak electron production range from 99 km for

10 A° x-rays down to 58 km for 1 A° x-rays. The electron-production
rate equations have been solved using a Quiescent x-rasy ehergy spec-
trum and & mean flare x-ray energy spectrum derived from the work of
verious observers during the past nine years. The physical and
chemical processes involved in the mechanism of ionization of the
local atmospheric constituents according to existing models are

discussed.
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Distribution of the ccomputed electron production rate and
the resulting electron density with height have been plotted for
guiescent and flare conditions. These plots have been compared with
earlier work and available experimental data. It is confirmed that
the 8.I.D.'s can be explained qumtita.tively‘assuming flare x-rays as
the only ionizing agent. It is further shown that under 1966 quies-
cent conditions x-ray ionization in the region under study is compara-
ble to ionization by solar Lyman alpha. Solar Lﬁnan ¢ flux is known
to be very steady varying by a factor not more than 2 between solar
minima and solar maxima; while O - 10 A° solar x-ray flux varies
greatly with solar activity (see text). Sclar x-rays of wavelength
below 10 A® are thus responsible f:or both rapid variations and day
Yo day variations of the D region electron density. The variation of
the effective height of the D region with solar activity may also ve

traced to the variation of 0 - 10 A° solar x-ray flux.
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Correlation of Solar Microwave and Soft X-Ray Radiation
1, The Solar Cycle and Slowly Varying Components

Cuanrwes D. WeNDE!

Department of Physics and Astronomy
The University of Iewa, Iowa City, Iowas 63240

The integral solar X-ray fiux between 2 and 12 A was measured by the spacecrafts Injun I,
Injun 3, Explorer 83, and Explorer 35. The integral flux between 2 and 9 A was observed by
the Mariner 5 spacecraft. The data from Injuns I and 3 and Explorers 33 and 35, when
averaged in monthly intervals, show a long-term variation in activity of at least & factor of
5 between 1961 and 1969. A slowly varying component that tracks the 10-cm radic flux is
observed in the X-ray flux. This X-ray flux variation, about a factor of 10, correlates with
the appearance of major active regions on the solar disk. This slowly varying component
correlates well with radio fluzes at frequencies greaier than about 1 GHz and less well with
radio-fluxes at lower frequencies. The X-ray spectrum, obtained by comparing the 2 and 9 A
flux with the 2 and 12 A flux, hardens during periods of high solar ‘activity and may harden
during flares, but it does not soften. ’
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Correlation of :'S‘olar Microwave and Soft X-Ray Radiation’

2. The Burkt C;Jmponent

Cuarces D, WENDE?

bepartment. of Physies and Astronomy
The University of Towa

Towa City, lowa 62240
§,

A stu:{y of the histories of solar flares observed at 2 e¢m at the North leerty Radio
Observatoly of the University of Iowa and observed at X-ray wavelenglhs with Mariner 5
(29 A) and Explorers 33 and 35 (2—12 A) shows that ‘post-burst increase’ and ‘gradual rise
and fall events are concurrent microwave and soft X-ray phenomena. The correldtion be-~
tween the X-ray flux and the radio flux is high but nonlinear. The character of the-correls-
tion is consistent with a thermal fare theory in which the volume emissivity at X-ray wave-
lengths iz of the mpectral form (dE/dv) ~ exp(—h»/ET) and the radio flux is from the same
region that is optically thick with a temperature T. The correlation yields the peak flare
temperature, Ty, and the flare solid angle in terms of the fractional increase in temperature
relative to the peak temperature, F = §7/T,. Comparing flare sizes with those obtained by
other menns {e.g., X-ray telescopes) shows F =02 Xf free-free emission is assumed respon-
gible for both the X-ray and the radio emissions, an F ~ 0.5 is consistent with the initial
assumptions, whereas an F ~ 10 is not. Thus, temperatures typically double during a flare.
Of twenty cases studied, an F — 0.5 yielded a mean peak temperature of 4 million degrees

Kelvin and a mean effective diameter of 32 arc seconds.
1

Vou. 74, No 26, Decexser 1, 1969
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SCIENCE
Reprinted from
17 Oclober 1969, volume 166, pages 370372

Alpha-Particle Emissivity of the Moon:
An Ubserved Upper Limit

Abstract. Measurements made by the moon-orbiting spacecraft Explorer 35
during 19671968 show that it is unlikely thar the alpha-particle emissivity of the
moon is greater than 0.064 per square centimeler per second per steradion and
exceedingly unlikely that it is greater than 0.128, these values being respectively
0.1 and 0.2 of the provisional estimates made by Kraner et al. in 1966, This
resylt implies that the abundance of uranium-238 in the outer crust (approximately
a few meters thick) of the moon is much less than 'thar_.rypical of the eartlt’s
lithosphere, though it is consistent with the abundance of uraninm-238 in ter-
restrial basalt or in chondritic meteorites.

Ricrarp S. Yen

JaMEs A. VAN ALLEN

Departinent of Physics and Astronomy,
University of Iowa, Iowa City 52240
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A CATALOG OF SOLAR X-RAY FILARES Misc

(2 - 12 A°) WHOSE PEAK INTENSITY

EXCEEDS THAT OF THE AMBIENT QUIET

SUN BY A FACTOR GREATER THAN FOUR

by

Jd. A. Van Allen
University of Iowa, Iowa City

Explanatory Notes

Three mica-window neon-fiiled Gelger tubes on the satellite Explorer 33
are used to monitor soft x-ray emission of the whole disc of the sun.

[See J. A. Van Allen and N. F. Ness, J. Geophys. Res., 72, 935-942, 1967,
for fuller description of the spparatus.] The observations began on

1 July 1966 and provide one measurement each 81.8 seconds essentially
continucusly, with the exception of four 20-day periods per year during
which no one of the three detectors views the sun. The absolute photon
efficiency and the absolute energy flux efficiency for an x-ray beam )
parallel to the axis of the detector are shown in.Figures'l and 2,
respectively. A geometric obliquity factor f{¢) has been determined
experimentally for each detector as a function of the angle ¢ between the
spin axis of the satellite and the satellite-sun line. The application of
this factor and Figure 2 converts the counting rate of a detector to absolute
energy flux units (ergs/cm? sec) for any assumed spectral distribution.
Sensitivity of the detectors is typically about 2 x :I.O'6 ergs/cm? sec
(2<n< 12 A°) and the dynamic range is 105.

The detectors are insensitive to solar ultraviolet.

The present listing of x-ray flares is independent of f(c) since the
flares are characterized by a ratio of peak intensity to that of the ambient
quiet sun. Continuous plots of all data are available.

The listings will be continued for the useful life of the satellite

which is already known to exceed one year.
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127
SATELLITE EXPLORER 33 Misc
X-RAY
Peak-
Date Onset Maximum Ratio to
1966 UT Ut Quiet Sun Remarks
7 July 0025 0042 28
10 July 0707 0721 S
10 July 1142 1151 4
11 July 0857 0946 6
21 July 1517 1526 4 Onset time uncertain
23 July 0240 0246 8
0031 0939 5
25 July 1337 1400 4
26 July 0030 0037 5 Numerous small events
0125 0138 | 4
1007 1105 4
1441 1450 4
28 July 2215 2324 13 Long decay
2 Aug. 2123 - 2131 7
3 Aug. 0638 0653 4
1045 1104 4
1411 1423 4 Long f£lat maximum
4 Aug. ' . Numerous small events
5 Aug. 1150 " 1339 "8 Slow rise, slow decay
16 Aug. 0030 * 0032 19 Rapid rise, rapid decay
17 Aug. 0928 1000 10
18 Aug. 1818 1825 8
19 Aug. 0433 0437 12 Rapid rise, rapid decay
20 Aug. 1841 1903 4
22 Aug. ) Small events
23 Aug. Many small events
25 Aug. 0618 0624 8
1354 1402 . 7
26 Aug, 1726 1837 -5 slow rise, slow decay
2155 2226 4 Broad max.
' Numerous small events
27 Aug. Numerous small events
1959 2104 4 Slow rise, slow decay
28 Aug. - Numerous small events
1522 1531 70
29 Aug. 0534 0545 4
30 Aug. 1447 - 1509 10 -
31 Aug. 0043 . 0101 11
-~ . 0355 5 Onset time uncextain
1825 1910 5 Slowv rise, slow decay
' Numerous small events
1 Sept. ' Numerous small events
2 Sept. . : Numerous small events
- 0546 0558 60 9
3 Sept. 0325 0328 . ‘6 Rapid rise, long decay [—
1358 1359 50 Rapid rise, long decay “E
10 Sept. " | Numerous small events
12 Sept. 0907 1008 10 ‘Numerous small events
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128
Misc
SATELLITE EXPLORER 33
X-RAY
Peak-
Date Onset Maximum Ratio to
1966 - Ut 5 ‘Quiet Sun |. Remarks
14 Sept, 1011 1023 14
19.8ept. 1158 1213 7
1521 ~ 1528 7
No observations from September 20, 1400UT to October 9, 0920UT.
9 Oct. 1045 1108 4 .
13 Oct. . Numerous small events
1313 1344 21 - Rapid rise, rapid decay
14 Oct. 0520 0531 ) 33 Rapid rise, rapid decay
-- 1315 -6 Onset time uncertain
Numerous small events
15 Oct. -- 0421 - Onset time uncertain
1907 1525 . 10 Numerous small events
16 Oct. ) Numerous small events
17 Oct. 0238 - 0315 4
1010 1022 ' 7 Numerous small events
18 Qect. Numerous small events
20 Cct. 0547 0642 4~ Slow rise, slow decay
22 Oct. . Numerous small events
- 2220 ) Rapid rise, rapid decay
23 Oct. 0234 0240 7 Rapid rise, rapid decay -
0849 1026 17 Slow rise, complex
’ structure
1234 1347 & Rapid rise, rapid decay
1415 1435 15
1919 1949 4
2051 2108 12
24 Qet. ‘ ) Numerous small events
2222 2301 ) . 8
25 Oct. 0415 0426 6
26 Qct. - Numerous small events
27 Oct. 1420 1434 4
29 QOct. 1016 1136 9 Complex structure
30 Oct. 0140 0321 8 -Complex structure
. Several -small events
31 Oct. 1858 1902 ’ ’ 4-
1 Nov. 1052 1107 5
2 Nov. 1703 1729 6
5 Nov. Numerous small events
6 Nov. 1032 1040 S Rapid rise, rapild decay
1331 1346 4 ‘
7 Nov. ‘ : Numerous small events
1731 1858 6 Slow rise, slow decay
14 Nov. 1223 1235 5
15 Nov. 0023 . | 0033 4

37 USCOMH-~EE8A- - ASHEYILLE--7-31-67~1000
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135

Mise.
SOLAR X-RAY FLARES (2 - 12 A°)

SATELLITE EXPLORER 33

. Peak-
2;22 Og;et Max;gum. Retio to Remarks
Quiet Sun
12 Nov. 182k w88 - 5 " Complex Structure
22 Nov. 1831 1854 5

No observations from 0703 to 1847 UT of 25 Jovember due to
magnetospheric traversal.

28 Nov. 0818 0831 _ L
30 Nov. 1620 1631 ~12 . Rapid Rise

No observations from 1 December 1600 UT to 21 December 1200 UT.

21 Dec. 145k 1501 1k
1933 1945 _ 10

No observations from 0642 to 2251 UT of 22 December due to
magnetospheric traversal.

23 Dec. 0229 0240 8
0750 0801 25
1109 1117 b
1309 1320 [
1405 113 6
1503 1512 8
1612 162k 9
2k Dec. o3Ls 0354 5
olko oks9 7
25 Dec. 0210 0224 5
2337 2343 5

No observations from 0001 to 083k UT of 26 December.
27 Dec. 1007 1011 b
No observations from 0000 to 0838 UT of 28 December.

28 Dec. 1759 180k 8
- No observations from 0030 to 0943 UT of 29 Decenber.

31 Dec. 1135 1139 ‘ 4
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136
Misc.

SOLAR X-RAY FLARES (2 - 12 A®)

SATELLITE EXPLORER 33

to magnetospheric

11 Jan. 2016
12 Jan, 0226

181k
14 Jan. 1028
16 Jan. 0033

19 Jan. 0618
20 Jan. 1537
1752

2046

21 Jan. - 0835
2130

22 Jan. 0630
23 Jan. 1205
2335

2 Jan. 2018
26 Jan. 1256

traversal.

202l
2054
0240
1820
1032
0039

0628
1545
1803
2105
081,
2148
0711
1206
2339
2025
1329

. Peak-
£;2$ _On;;t Maxéﬁum Ratio %o Remarks
Quiet Sun
1 Jan. 0650 0654 5
1033 1039 9
4.5 Jan. 2343 0152 K= Slovw rise, slow decay

No observations from 5 January 1538 UT to 6 January 1103 UT due

No observations from 10 January 2259 UT to 11 January 1507 UT.

8

Onset time uncertain

v o O\

L

A notably quiet period occurred from 16 January 0126 UT to
17 January 2226 UT.

No observations from 0609 to 2217 UT of 18 January due to
magnetospheric traversal.

6
10

6

h Complex structure

- . .
13 . Two stage rise

L Complex structure
1L Rapid rise, rapid decay
y Rapid rise, rapid decay
5

5 . Complex siructure

Note: See explanation of this data in Miscellanea Section of IER-FB-275,

July 1967.

Only flares whose peak ‘intensity exceeds rhat of the
ambient quiet sun by a factor greater than four are listed.
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118
Misc.
Jan-Feb 67

University of Iowa

SOLAR X-RAY FLARES (2 - 12 A°)

SATELLITE EXPLORER 33

. . Peak-
?;2? Oﬁist‘ Maﬁ;?um Ratio to Remarks
Quiet Sun
28 Jan. ols7 0592 2.5, Slow rise
07357 0807 2.7 Slow rise. Possible
precursor of particle
emission
29 Jan. 1557 1622 5 Complex structure
2219 2228 -9
30 Jan. 122k - 1138 Iy Slovw decay
2105 2128 5
31 Jan. 0015 0020 5
1 Feb. 11hy —— Small increase
1218 1255 14
2306 2352 8
3 Feb. 0258 0316 13
I Feb. 164 1659 9
5 Teb. 0012 0036 5
03hs 03h8 5
6 Feb. 1835 185% 6
7 Feb. | 0127 0135 9 Also many smaller flares
0622 0632 5 .
1028 1032 10
2051 2057 L
8 Feb. 0305 0308 L
' o431 0502 L Complex structure
15 Feb. 1755 1824 12
Wo observalions from 1520 to 2154 UT of 1l February due to magneto-
spheric traversal:
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119
Misc
SOLAR X-RAY FLARES (2 - 12 A®) oo
SATELLITE EXPLORER 33 Feb-Mar 67
Peak-
Dat i
Jg6$ oﬁigt Maﬁgynn Ratic to Remarks
) Quiet Sun
17 Feb. 1934 1941 b Rapid rise, rapid decay
: 2211 2217 5 Rapid rise, rapid decay
18 Feb. 0958 0958 L :
1012 1041 15
20 ¥eb. 1350 1406 b
21 Feb. 0706 0718 L
1700 1748 b Slow rise
22 Feb. 0121 0128 5
0352 0358 5
0509 0511 - pe Rapid rise, rapid decay
0621 0625 - 6
1043 1048 L
1h1s 1504 L Complex structure
1656 1849 .20 Slow rise, complex structure
2% Feb. 0053 0ill T Complex structure
o546 0557 6
0870 0834 2
11k 1156 6
1611 1615 6 Complex structure
ol Feb. - 0608 0650 . 8
25 Feb. 18h3 1900 L Complex structure
1953 2000 T
27 Feb. 1636 1652 31
2116 2129 9
1 Mar. ohas ok29 8
No observations from b’rll to 0931 UT of 1 March due to magnetospheric
traversal. ’
2 Mar. 0211 0217 6 Rapid rise, rapid decay
Ol olikg : . k= Rapid risc, rapid decay
o456 0503 L
15hk 1619 L Complex structure
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120
Mﬁisgi SOLAR X-RAY FLARES (2 - 12 A°)
2 SATELLITE EXPLORER 33
. " Peak-
2;2? Oﬁist Ma?;?um Ratio to Remarks
Quiet Sun :
3 Mar. 0620 0631 9
064k 0651 9
o846 093k by Complex structure
L Mar. 1211 1215 8 Rapid rise, rapid decay
5 Mar. 1008 1054 6
A notably quiel period occurred Trom 1616 UT of 7 March to 2148 UT of
8 March. .
9 Mar. 101k 1036 4"
1h Mar. 2142 2146 b
20 Mar. -— 1211 b Onset time uncertain
22 Mar. 0023 0038 13 ' ,
27 Mar. 2110 2128 L Complex struciure
28 Mar. 173k 1739 ~ g
29 Mar. 0718 0728 ~ 5
1732 1737 - ~ U
' 30 Mar-. 0022 0026 ~ 6
085% 0900 ~ 5
31 Mar. oh1l o420 ~ b
- Notes:

1. Observations are esscntially continuous with 81.8 sec time
resolution except as noted.

2. Only flares whose peak-intensity erxceeds that of the ambient
quiel sun by a faclor greater than four are listed. There are
about ten times as many events thal are.detectable.

3. Detailed plots of the absolute intensity as a function of time
for specific events can be supplied by the University -of Towa

- upon request (sece IER-FB-279).
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IER-FE-280

131
Misc.
SATELLITE EXPLORER 33 . Max-May 67
SOLAR X-RAY FLARES (2-12A°)
o Peak-
Dat . :
1;6? On;;t MBX%EHm ~ Ratio to Remarks
) . Quiet Sun
31 March 2337 2hkog ~ 5
. 1 April 0118 0131 ~ 4 Also ‘several small flares
1409 15 ~ 8
3 April 1434 w3 | e
1

No observations, from 2000 UT 3 April to 0000 UT 21 April due to un-
favorable aspeét. :

, _— L
22 April e - - Several small.flares;
25 April 0827 0832 Iy~ Rapid rise, rapid deday

0927 0936 . 5
26 April 1110 1119 8

1243 125k 6 ‘

> 2119 < 2128 > 28 Onset and peak not
cbserved

29 April - -- : -— Numerous small flares
30 April 2255 2326 6, Slow rise, complex

structure. Also numerous
small flares

1 May 0315 0322 : b~

0507 0522 4= Slow rise

1045 1048 5 Rapid rise, rapid decay

Also numerous small flares

2 May - - - Numerous small flares
3 May 0153 0201 L

1h43h 1hhs L Complex structure

1535 1600 18 Broad peak, slow decay

Also numerous small flares
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IER-FB-280
132
Misc.

Mar-May 67

SATELLITE EXPLORER 33

SOLAR X-RAY FLARES (2-12A°)

H

. Peak;
?aze On;;t Mﬂg;mum Ratio to Remarks
967 Quiet Sun
No observations 0908 to 2152 UT L May due to magnetospheric traversal.
5 ‘May 1542 1545 55 Rapid rise, rapid decay
6 May oh27 ohs57 7h
7 May 2053 2103 10
8 May 1122 1347 T Complex structure
2032 2039 b~
2252 2326 b Complex structure
10 May 0711 o748 Y Complex structure
11k 121k 20 Complex structure
11 Mey 0929 09h7 W
14 May 1526 1556 y- Slow rise
Numerous small flares
15 May 1008 1011 7 Rapid rise, rapid decay
Also numercus small
flares
16 May - - - Several small flares
17 May - - - Several small flares
18 May 0258 o3hk 6 Slow rise, complex
structure
172k 1858 8 Slow rise, complex
structure
2310 2ho1 5. Slow rise, complex
structure
19 May - 0625 L= Onset not observed
152k 1536 15
Also numerous small flares
20 May. 1510 - 1530 >
. Also numerous small flares
2l May 1238 1306 8 Complex structure
1hko 1hbl L= Rapid rise, rapid decay
153k 1541 6 Rapid rise, rapid decay
1921 1927 L5 F(2-12A) = 0.18 ergs
(em® sec)”
Most intense flare
observed with Explorer 33
to date
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IER-FB~280
133
Mise,

3
SATELLITE EXPLORER 33 May 67

SOLAR X-RAY FLARES (2-124 )

: . Poak-
?;2; On;;t M&;;mum Ratio to Remarks
. Quiet Sun
21 May 22h9 2k 7
. ‘Also numerous small flares
22 May - - Numerowvs small flares
Notes:

1. Observations are essentially continuous with 81.8 sec (before
L April) or 163.6 sec {after 21 April) time resolution except
as noted.

2. Only flares vhose peak intensity exceeds that of the ambient
quiet sun by a factor greater than four are listed.

3. Detailed plots of the absolute intensity F(2-12A) as a function
of time for specific events will be supplied by the University
of Iowa upon request (see IER-FB-275).

X-ray data from Explorer 33 have been published in the Miscellanea Section
of IER-FB-275 pp 125-128, IER-FB-276 pp 135-136 and IER-FE-277 pp 118-120.
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SATELLITE EXPLORER 33

SOLAR X-RAY FLARES (2 - 12 A®)

TER-FB-281
151
Misc.

. Peak-
3;2; Oﬁigt Maﬁ;Tum Ratio *to Remarks
Quiet Bun

Wo observations from 0130 to Ok52 UT of 22 May.

Intermittent observations from 0320 to 1155 UT of 23 May.

25 May

2 May

1758 1816
183k 1846
1934 1952
025k 0330
No observations from 0456 to 0949
1035 1100

25 May

No observations from 2158 UT of 25 May to 0006 UT

from 0200

26 May

No observations from 0159 to 0542

28 May

20 May

No observations 1729 UT of 31 May to 0104 UT of 1

to 065k UT of 26 May.

12%5 1240

0028 0037
0528 0551
1728 1736

magnetospheric traversal.

1 June

2 June

oT0L 0856
0155 0157
~ 0754 0853
1623 1709

N
a7

i
UT of 25 May.

8

y"

UT of 27 May.

gk

3o

. Complex structure

Maximum £lux

P (2 - 12 A°) = 0.65
erg (cm? sec)-t

Most intense flare
cbserved by Explorer 33
te date

Maximum £lux
F (2 - 12 A°) =.0.28
erg (cm? sec)”

of 26 May nor

Maximum flux
F (2.~ 12 A°) = 0.32
erg (em? see)™d

June due to

Slow rise.
structure

Complex

Also pumercus small
flares ;

Complex structure

Also numerous small

flares
4’y

May-Jul 67



IER-FB-281

152
Misc.
May-Jul 67 SATELLITE EXPLORER 33
SOLAR X-RAY FLARES 2 -~ 12 Ao)
Date Onset Maximum P?ak"
1967 UT UT Ratio to Remarks
Quiet Sun
5 June 0228 0326 b Slow rise, slow decay
0554 0645 b Slow rise, slow decay
5 June 1839 1945 5 Complex structure

6 June

traversal.

14 June

11 July
15 July

16 July

1334
~ 1719
2237

0124
1948

1528
2154

233k

No ohservations from 1535
megnetospherie traversal.

1220

1352
~ 1727
22k

No observations from 15 June to 10

0132
2102

1532
2250

2347

No observations from 0259 to 0628 UT of 6 June.

5

No observationd from 1154 to 2335 UT of 13 June

>5

o

> L
25

Onset not observed.
Complex structure

due to magnetospherie

July due to unfavorable aspect.

-
5

Slow rise, slow deéay

Complex structure

UT of 18 July to 2351 UT of 19 July due to

| 19 Juiy ‘0547 0555 &
o717 0739 5 Complex structure
22 July - - - Several small flares
23 July 0k39 olhh b Repid rise, rapid decay
0535 o5k42 L~
095 1007 A Complex structure
1256 1300 L Rapid rise, rapid decay
2k July 0031 0037 8 Rapid rise, rapid decay
092k 1000 7 Complex structure
11hé 1202 T Complex structure
2026 2055 12 Complex structure
- 232k o3h7 L Complex structure
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IER-FB-281

-153
Misc.

SATELLITE EXPLORER 33 sayral 67
SOLAR X-RAY FLARES (2 - 12 A7) .

Date Onset Faximom Peak-
N Rtes Ratio to Remarks
1967 uT Ut et Sun
25 July 0024 0038 8 Complex structure
1039 1057 7 Complex structure
1212 1216 5
1423 1430 9_ :
1621 1628 L Complex structure
-- 2102 4 Complex structure
22kg 2257 a
.- — - Also numerous small
flares
26 July 0223 0228 6
0653 0659 4
13543 1348 h
2528 2332 L
_— - - Also numerous small
flares
28 July 0105 0128 5 Complex structure
~ 1523 1607 5 Complex structure
2229 2235 5
29 July 2126 2136 b
30 July 0507 0512 L
0619 0627 6
12 1418 L=
 No observations from 1746 UT of 30 July to 0649 UT of 31 July due to
magnetospheric traversal. )
31 July 1720 1723 5 Rapid rise, rapid decay
1945 2003 6 Complex structure
-- -- - Also numerous small flares
Notes:

1. Observations are essentially continuous with 163.6 sec (22 May to
15 June) or 81.8 sec (20 July to 31 July) time resolution except
as noted.

2,  Only flares whose peak intensity exceeds that of the ambient quiet
sun by a factor greater than four are listed.

3. Detailed tabulations and plots of the absolute intensity
F (2 - 12 4°) 25 a function of time for specific events will be
supplied by the University of Iowa upon request (see IER-FB-275
and J. Geophysical Research 72, 5903-5911, 1957).
X-ray data from Explorer 33 have been published in the Miscellanea

Section of IER-FB-275 pp 125-128, IER-FB-277 pp 135-136, IER-FB-278
pp 118-120 and IER-FB-280 pp 131-134.

USCOMS - ESSA - ASHEVILLE - ~ L/31[68 « = 1000
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University of Iowa

SOLAR X-RAY FLARES (2-124°)
SATELLITE EXPLORER 33

August 1967

TER-FB-283

143
Mise.
Aug 67

. Peak- .
Date Onset MaxiTum Ratio to Remarks
1967 ut Ut Quiet Sun
1 Auvg. 0116 0120 Y Rapid rise, rapid decay
0631 0638 5 Rapid rise, repid decay
1729 1739 23
2 Aug. 0043 ookg 20
2138 2143 5 Rapid rise, rapid decay
3 Aug. 0917 0932 11 éomplex structure
1628 16354 10 Rapid rise, rapid decay
4 Aug. 0155 012 7 Complex structure
1354 1519 1k Complex structure
2216 2224 4
5 Aug. 1806 181k h”
6 Aug. 0o5kh 0600 b \
1430 14k8 6 Complex structure
g Aug. 1823 1831 10

No observations Trom 1914 UT of 11 August to 0139

to magnetospheric traversal.

12 Aug.

No observy
to magnet

14 Aug.

. 17 Aug.

No observations from 1932

18 Aug.

0150

ationg from

1245

0820
1631

ooh3
0221

1923
2120

2359

< 0210

1115 UT of 12 August to 0025
ospheric traversal. )

1257

0858
1008
1640

UT of 17

. ooh6
0235

2021
215%
2h o0

by~

+FONa

August to 0003 UT of 18 Auvgust.

H
12
ol

)

18
12

UT of 12 August due

Complex structure

UT of 13 August due

Complex structure;
Also numerous small
flares

Complex structure
Onset not observed

Rapid rise
Complex siructure,

slow decay
Slou rise

o0



TER-FR-283

144
Aﬁlsga SOLAR X~RAY FLARES (2-124°)
ug

SATELLITE EXPLORER 33

i

Aﬁgust 1967

University of Iowa

. Peak-
gage 0:;}9;: t Magﬂum Ratio to Remarks
907 Quiet Sun
19 Aug. 0529 0613/ 6 Slow rise, complex
) structure
20 Aug. 0925 0973 6
2022 2038 5
21 -Aug. 1830 1853 L
22 Aug. 0156 0209 L
2158 2207 [
23 Aug. - | 051k 0521 7
24 Aug. - - - Numerous small flares
20kh 2050 b
2323 2325 b
No observations from 0620 UT to 1017 UT of 25 August due to magnebtospheric
traversal. -
25 Aug. 1koé b7 4
26 Aug. 0013 oo2k 12
o6kl 0650 L
2100 2114 L
27 Aug. 0100 olok L= )
1525 1530 6 Rapid rise
28 Aug.- 1207 1216 18
1411 ~ 1k15 b
29 Aug. 0304 0316 6
1152 12*8 7 Slow rise, complex
structure
1327 1333 2k
1758 180k 5
1941 19h9 10 -
2033 2054 12 31low rise
30 Aug. 0012 0034 6 I Complex structure
oLs8 0505 T
31 Aug. T 0825 0828 5
21k 2150 5

See "Notes" with September 1967 data on page 131 of this issue.

X-ray data from Explorer 33 have been published in the Miscellanea Section
of IER-FB-275 pp 125-128, IER-FB-277 pp 135-136, IER-FB-278 pp 118-120,
IER-FB-280 pp 131-134 and IER-FB-281 pp 151-153.

Errata: In IER-FB-281 p 152 the X-ray Flares reported as being observed by
Explorer 33 on July 19 actually were observed on July 20, 1967, f;jL

USCOMM - ESSA - ABHEVILLE -~ - 3/29/88 - - 1000



TER~FB~283

SOLAR X~RAY FLARES (2-124%)
SATELLITE EXPLORER 33

September 1967

University of Towa

Mo (o M g Renaris
Quiet Sun
1 Sept. 0139 oLh3 5
2 Sept. 2036 2041, 10
3 Sept. 2240 2245 4"
L Sept. 0508 0321 §-
ok 0755 W
9 Sept. oz2lh 0308 9
10 Sepl. 0852 0858 5
1202 121k 5
12 Sept. 13ho 1hoo 5
1 Sept. ohé o757 L
15 sept. 13198 uky | K Complex struciure
16 Sept. 0335 0013 5 Slow rise
17 Sept. 0251 ouo2 5

For the pzriod 18 ihrough 27 September the sensitivily of the x-ray detector
vas degradsd by Lhe combination of particle events and unfavorable aspect.
The following cvents during this period are the only ones that can be dis-
cerned withh a good leval of confidence.

131
Sep 67

18 Seph. {~ 23%2 2354 ~ 5
21 Sept. 232k 2329 ~5
22 Sept. o415 o418 ~ 8
2218 2228 ~ ly
25 Sept. 2029 2036 ~ 5
2152 2210 ~ b
27 Sept. 0916 092k Zs
No observations from 28 Septembsr througg_lS Qctober due to unfavorable aspect.
Notes:
1. Observations are essentizlly continuous with 81.8 sec (1 August through

27 September) or 163.6 sec (16 Oclober through 31 Cetober) time resolu-
tion except as noted.

2. Only flares whose peak intensily exceeds that of the ambient quiet sun
by a factor grester than four are listed.

3. Detailed tabulations and plots of the absolute intensity F (2 - 12 A°)
as g function of time for spzecific periods will be supplied by the
University of Jowa upen request (ses IER-FB-275 and J. Geophys. Res: T2,
5903-5911., 1957).

. Most of the geps in Explorer 33 coverage will be filled by daiz from

Explorer 35 and Mariner V for the following periods:

19 July 1957 -- continuing indefinitely
1l June 1957 -~ 21 November 1957

Explorer 35:
Marinzr V:

Corrzsspondinzly ravised calalogs will be published in later issucs.
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SOLAR X~RAY FLARES (2-12A°)
SATELLITE EXPLORER 33 -

October 1967

IER-FB-284
137
Oct 67

ot . T Peak-
iagf On§°L haﬁ;?um Ratio to Remarks
1957 Ut Quiet Sun
17 oct 2313 234k L Slow rise, complex structure
20 Cct. 0000 0018 > 5 Onset and peak not observed
0224 0229- 7 Rapid rise, rapid decay
0501 0615 5 Complex structure
1131 1157 >
21 Qct. 2053 2107 7 Complex structure
22 Oct. 0516 0623 8
1005 1015 20_
1616 1627 i
2211 2220 16
23 oct. 053k os5h2 y
2k oct. 1609 1618 8
25 Oct. 1326 1358 L Slow rise, slow decay
2129 2135 L
2151 2205 }0 Complex structure
2307 233 9
26 Oct. 0608 0617 11
1013 1018 h
- - - Alsp numercus small flares
27 Oct. 0819 0859 by Complek structure
0919 0922 5
o9h7 0959 4"
1109 1114 L
- - - Also numerous small flares
28 Oct. 0752 0822 4 -Complex structure
o8h1 0906 5 .
- - - Alsc numerous small flares
29 oct. 0216 0229 4"
0257 0326 20 Slow decay
1140 1150 Y
23%0 2hol 3l Complex structure
31 Oct. 1124 1134 H
1520 1839 T A remarkably slow rise and
slow decay

#See '"Notes": on page 131 of IER-FB-283 published March 1968.
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University of Towa

SOLAR X-RAY FLARES (2 - 12A°)
SATELLITE EXPLORER- 33

t
November ‘1967

TER-FB-285
127
Nov 67

Date Onset Maximum RE%?E to Remarks
1967 UT Ut Quiet Sun
2 Nov. 0853 0858 27 Rapid rise, rapid decay
3 Nov. 1155 1211 16
4 Nov. 0206 0236 4 Slow rise, complex structure
1122 1128 4"
1151 1200 ° B
- -- -- Also numerous small flares
5 Nov, -- -- - Numerous small flares
6 Nov. 1233 1257 5 Complex structure
7 Nov, 0156 0201 N
8 Nov, 1045 1056 6 ]
1224 1306 5 Complex structure
1957 2008 &=
10 Nov. 0854 0902 9
1157 1343 5 Slow rise, complex structure
1525 1532 4=
1823 1843 5
11 Nov. - -- -- Many small flares
12 Nov. 1329 1356 6
1646 1651 6 Rapid rise, rapid decay
13 Nov. 1803 1818 &
16 Nov. 1003 1012 8
2003 2015 5
2132 2152 31
17 Nov, 0448 0456 5 Complex structure
0819 0841 14
1528 1537 7
18 Nov. 1838 1847 6
19 Nov. 1017 1044 4~
21 Nov. 1452 1458 4~
1647 1652 4" Rapid. rise, rapid decay
25 Nov. -- -- -- Numerous small flares
26 Nov. 1320 1452 5 Slow rise, slow decay
27 ¥ov. 0313 0319 4” Complex structure
29 Xov. 1312 1340 &
1609 1619. 4~ .
30 Nov. 0313 0502 4" Complex structure
2002 8

1940
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TER-FB-287
177

Mis
TER-FB~287 18¢

Table of Contents
for Miscellaneous Data

Page

Solar X-ray Radiation - Explorers 33 and 35 -
December 1967 179

For explanations of the data contained herein see "Descriptive Text™
published in February 1968,
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SOLAR X-RAY FLARES (2 - 124A°)

TER-FB-287

179
Misc Dec 67

SATELLITES EXPLORER 33 and 35

December 1967

University of Towa
Peak-
Date Onset Maximum Ragio to Remarks
1867 ur uT Quiet Sun
1 Dec. 0310 0337 10 Gradual rise
0456 0526 6 Complex structure
1249 1255 5
1302 1306 6
2 Dec. 0507 0551 6 Complex structure
1237 1303 4~
3 Dec. 0853 1029 4= Slow rise, slow decline
4 Dec. 1304 1316 4~
8 Dec. 0625 0645 4~
10 Dec. 1059 1104 4= Rapid rise, rapid decline
11 Dec. 2156 2202 4~
2211 2216 21 Rapid rise, rapid decline
2347 2408 11
12 Dec, - 0241 8 Onset not observed
13 Dec. 0050 0057 7
0332 0338 8 -
0513 0525 &=
0851 0857 9 Rapid rise, rapid decline
1342 1404 9
1734 1740 7
2348 2401 &~
16 Dec. 0247 0306 8
0932 0959 4 Complex structure
~1407 © 1429 &
1508 1514 4 Complex structure
1717 1723 4 Complex structure
17 Dec. 0434 G445 4"
0636 0709 6 Complex structure
1616 1629 4
1834 1848 4”
24 Dec, ~1942 1957 8
26 Dec. -- -- - Numercus small flares
27 Dec. 0838 0849 4
No observations from 1332 of 27 December to 0244 of 28 December.
29 Dec. 0046 0053 6
1416 1427 10

31 Deci-

‘This table replaces the one for December 1967 which was published_in IER-FB-286
Explorer 35 data have been addedZ-

page 153.

o6
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IFR~FB~287

169
SOLAR X-RAY FLARES (2 - 12A°) Jan 68
SATTLLITES EXPLORER 33 and 35
January 1968
Universjty of Towa
Peak-
Date Onset Maximum Ratio to Remarks
1968 uT uT Quiet Sun
1 Jan, 0327 0352 30
1109 1123 12
2 Jan, 0520 0524 100 Most intense X-ray flare
since May 1967, Maximum
flux F(2-12A°) = 0.46 erg
(cm* sec)-l
& Jan, 2237 2243 5
6 Jan. 2000 2004 5
7 Jan. 2152 2200 &
2242 2246 4
8 Jam, 0012 0016 8 Rapid rise, rapid decline
0508 0512 8 Rapid rise, Tapid decline
10 Jan. 0613 0619 4
2144 2153 4=
11 Jan, 1658 1703 8
12 Jan. 1806 1813 7
14 Jan. 0723 0733 10
2007 2015 12
15 Jan, 0000 23010 10
1223 1228 8
1253 1257 . 5
1338 1343 6
16 Jan. 1539 1546 4
17 Jan. 0509 0524 7
0740 0749 7
1223 1240 4
18 Jan. 0612 0619 4"
1513 1528 8 Complex structure
19 Jan. - - -- An unusually quiet day
21 Jan, “- -- -- An unusually quiet day
22 Jan. 0439 0446 4" .
24 Jan, 0424 0436 4 . *
28 Jan, 0339 0901 5 Very slow decline after
maximum (~1 day)
29 Jan, 0800 0813 13
1537 1543 12
30 Jan, 0501 0506 35 Rapid rise, rapid decline




University of Iowa

SOLAR X~RAY FLARES (2 - 124°)
SATELLITES EXPLORER 33 and 35

February 1968

IER-FB-288

143
Feb 68

Peak-
Date Onset Maximum Ratio to Remarks
Ut UT Quiet Sun
1 Feb. 0929 0947 4"
1054 1125 5
1758 1805 5
1811 1818 4
1916 1920 7
2 Feb, 0228 0230 4= Rapid rise, rapid decline
0258 0303 6 Rapid rise, rapid decline
0541 0548 7
0917 0924 5 Rapid rise, rapid decline
1025 1106 7 Slow rise, complex structure
5 Feb, 0818 0826 4"
10 Feb, 1356 1359 4
1606 1636 7
1914 1927 9
11 Feb. 0334 0344 5
13 Feb. 2257 2304 4
14 Feb, 0414 0420 9 Rapid rise, rapid decline
1039 1044 7
1533 1536 7 Rapid rise, rapid decline
15 Feb. 0033 0043 4
0301 0305 ) Rapid rise, rapid decline
1452 1509 12
16 Feb, 1600 1607 8
2010 2018 7
17 Feb. 0251 0256 8
0932 0936 4
1255 1259 10 Rapid rise, rapid decline
2344 2357 6 Complex structure
18 Feb. 1522 1553 5
19 Feb. 0305 0324 8 Slow decline
20 Feb. 0440 0515 8 S8low rise, slow decline
2053 2140 4" Complex structure
21 Feb, 0706 0731 6
2006 2047 6 Slow rise, slow decline
25 Feb. 0346 0405 5
2143 2151 4-
2217 2224 4
26 Feb, 0612 0628 5
0815 0823 5
28 Feb, 1936 1939 4

o8



TER-FB-289

134
Mar 68

SOLAR X-RAY FLARES (2 - 12A°)
SATELLITES EXPLORER 33 and 35

March 1968
University of Iowa
Peak~
:]2;1633 On[fft Ma’g';“um Ratio to Remarks
Quiet Sun
2 March 1o 112 7 Repid rise, rapid
- decline
2237 2ohk 11
4 March | 1709 1724 L
8 March - - - An unusually quiet day
13 March 0642 0647 6
15 March | 1113 1126 5
17 March 1749 1803 T
18 March -- - - An unusually quiet day
20 March 1959 2605 b Very slow rise and very
slow decline
21. March 19 1429 6
1913 1917 20 Rapid rise, rapid
decline
2200 2209 8
22 March . - - - Mumerous small flares
23 March 093k 09Lo 8 Rapid rise, rapid
_ decline
2126 2134 L
24 March OT7hl 0753 10 (Note 1)
0850 0852 5.
1634 1646 1 (Note 1)
25 March 1501 1507 10 (Note 1)
27 March | 1331 134l 4
) 1758 1816 L

Complex structure

Note 1:

These three X-ray flares, all apparently from McMath

plage region 9273, have a remarkable similarity in
their intensity-time profiles and in their maximum

gbsolute intensities.
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SOLAR X-RAY FLARES (2-124°)
SATELLITES EXPLORER 33 and 35

IER~FB-290

April 1968
University of Iowa
. Pegk~
gggg' Ogget hh%%gmm Ratio +to Remarks
Quiet Sun
1 April 1307 1309 L Rapid rise, rapid
decline
3 April o5hk 0554 ~ 7
20k2 ~ 2048 ~ L
% April 0255 ~ 0305 ~ 4
0809 0828 K-
1858 1906 L
5 April 1303 1310 4 Cemplex structure
1949 1953 h_
2147 2217 L Complex structure
6 April o700k 0711 6
10 April 1606 1632 L Complex structure
11 April 11 1152 y-
19 April 1609 1614 L-
1628 1706 y Slow rise, slow
decline
22 April 1753 < 1910 >8 Onset and peak not
observed
25 April 0036 OohT7 10
O71h o731 L Complex structure
28 April - - - Many small flares
29 April - - —-— Many small flares
1500 1915 4

60
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TER-FB-291
152

May 68
¥ SOLAR X-RAY FLARES (2-12A°)"

SATELLITES EXPLORER 33 and 35

May 1968
University of Iowa
. Peak-~
Date Onset Naximum Ratio to Remarks
1968 UT UT .
Quiet Sun
1 May 1726 1746 - L
1943 1946 L Rapid rise, rapid
decline .
2 May 2050 2055 L Rapid rise, rapid
decline
3 May 212k > 2129 >13 Peak not cbserved
b May 1510 1528 5 _
5 May ou26 ~ 0ohe9 4 Rapid rise, rapid
decline
0551 061k 5
T May o154 © 0204 L
10 May 1936 1940 L Rapid rise, rapid
- decline
2109 2115 4
12 May 0817 0826 5
18 May 1149 1152 h Rapid rise, rapid
. o decline
1202 1207 L
21 May 1950 2020 T
24 May 2200 2223 i

61



IER~FB~292
137

SOLAR X~RAY FLARES (2-12A°) Jun 68

SATELLITES EXPLORER 33 and 35

June 1968
University of Iowa
. Peak-
]iggg Ont?Te & Ma.;:Ileum Ratio +to Remarks
Qpietisun
1 June 1627 1631 k Rapid rise, rapid decline
3 June 0256 0300 6
2531 234 6 Complex structure
L June > 0847 090k 7 Onset not observed
1015 1027 10 ]
23506 2329 HESS Complex structiure
5 June 1223 1228 ° L
2048 2055 6
7 June 0254 © 0336 6 Siow rise, complex structure
- 1306 b Slow rise, slow decline,
onset not cohserved
8 June 1727 1823 Y- Slow rise, slow decline
2033 2039 L :
9 June 0025 oohz 10
o834 0901 18
10 June 2206 2212 4 Complex structure
11 June 0306 0319 6
0932 0938 15
“13 June 1035 1039 L
14 June 2325 2655 i Very slow rise and decline
15 June 2148 2201 T
17 June o2Lh7 0309 5 - Complex structure
18 June T 2022 2040 5 .
19 June | 1726 1756 6 (Uncertain)
2040 2052 L
: 2224 2230 8
2336 2348 y-
20 June 0225 0229 b
ook 0924 L
17035 1708 L
| 27 June 0725 0729 5
30 June 1832 1907 5 Complex structure F
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IER-FB-293
129

Jul 68
SOLAR X-RAY FLARES (2-12A°) v

SATELLITES EXPLORER 33 and 35

July 1968
University of Towa
. Peak~-
g;gg Oﬁist Maﬁ;?um Ratio +to | Remarks
Quiet Sun
1 July o743 0755 b
3 July 0854 0902 6
2329 2352 9 Rapid rise, rapid decline
23h1 23k9 h
b Juiy 1129 1152 9 Complex rise
5 July 154h 1556 L Complex structure
6 July ookl 0950 120 Maximum fiux 5 1
_ F (2-12 A°) = 0.28 erg {cm™ sec)
1550 155k L
7 July 1624 ~ 1804 ~ 4 Sloir rise, complex structure
8 Juiy 1708 1721 150 Maximum flux o 3
F (2-12 A°) = 0.32 erg (em” sec)
g July 1806 1822 12
10 July 2259 2326 Y Complex structure
11 July 2359 215 13
- - - Also considerable minor
Xeray activity
12 July 1341 1kl 6
14 July 0019 0021 5
20 July 0813 0834 5
26 July 2027 2046 1 Complex structure
27 July 0620 0639 4 Complex structure
28 Juiy o717 o723 6
29 July 1049 1052 5 Rapid rise, rapid decline
30 July 0517 0519 4 Repid rise, rapid decline
2027 2032 T
31 July 1719 1723 4" Rapid rise, rapid decline
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University of Iowa

SOLAR X—-RAY FLARES

v

‘(2-12:\")

SATELLITES EXPLORER 33 and 35

August 1968

) . Peak-
Date Onset Maximum :
Ratio %o
1968 ur Ut quiet Sun Remarks
2 Augusl o2 o714, L
3 Augusk 0310 0326 Ll Maximum flux F(2-12 A°) = 0.090
. ergS‘(cm sec}"l
5 Avgust | 429 143k 5 ‘
1hb1 1khg 't
6 August 1127 1138 L
1309 1338 17
T August o1l o8 b Rapid rise, rapid decline
- oh01 ohok T Rapid rise, rapid decline
2739 2257 8 .
8 Avgust 0250 0559 Lo Maximom flux F(2-12 A®) = 0.053
ergs (cm® sec)”
. 06Lh 0638 43 Maximom flux F(2-12 ir) = 0,060
. ergs (cm? sec)”
1312 1320 22 Complex slruclure
1k36 6 8 )
1601 1606 L Repid rise, rapid decline
1813 1820 130 Maximum flwe P(2-12 A°) = 0,16
ergs {em? sec)™
9 August 1605 1611 i0 Rapid rise, complex structure
10 August §, 0006 010 L - Blow rise, complex siructure
11 August o2 o823 [
1634 1652 T Complex structure
13 August | 1253 1257 6 Repid rise, rapid decline
14 Avgust | 00%0 ooky 4
i 0201 ozh3 L
0940 ooks k
1324 1352 20 Maximum flux F(2-12 A°) = 0.06k
ergs (em? sec)-t
17 August 0113 0229 - Complex siruclure, very slow
. decline
18 Avgust 1326 1557 4-
20 August -- - -- Many small flares
2315 2538 b !
21 August 0146 0150 28 Rapid rise and rapid decline,
followed by slow decline
o6sh o7 2 17
o817 0332 8
1532 1539 i
1833 i8ke 20
1929 1938 2
2352 2358 e
- - - Also many small flares
22 August - -— -— Many smell fleres
23 Augusl 0325 0329 5 Rapid rise, slow decline
1104 1113 13
1125 1133 B
1456 1502 13
2345 23h9 L
2l Avgust 0352 0257 L~
063% o635k 10 Brief spike superimposed on
- broad, lour meximum
25 Avgust | 1851 19509 b Cemplex structure
29 August 0030 ool 1z
ohzs oli32 6
o837 o8lLs 11
30 August 0257 ozlih 12
03h9 0356 1
1011 11ky 6 Slow rise, slow decline

IER—F3729h
129
Aug 68
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SOLAR X~RAY RADIATION

University of Towa - Explorer 33 -- This satellite is in an eccen-
tric orbit about the earth with perigee and apogee currently at radial
distances of about 29 and 75 earth radii, respectively. It spins at a
rate of about 22 ypm about an axis lying in an approximately constant
inertial direction within a few degrees of the ecliptic plane. Data
transmission and reception are continuous. Three mica-window neon-
filled Geiger tubes on the satellite Explorer 33 are used to monitor
soft x-ray emission of the whole disc of the sun. [See J. A. Van Allen,
J. Geophys. Res., 72, 5903-5911, 1967 aznd ibid., 73, 6863, 1968, for
fuller description of the apparatus.] The observations began on 1 July
1966 and provide one measurement each 81.8 seconds essentially continu-
ously, with the exception of four 20-day periods per year during which
no one of the threc detectors views the sun. The absolute photon effi-
ciency and the absolute energy flux efficiency for an x-ray beam paral-
lel to the axis of the detector are shown in Figures 1 and 2, respective-
ly. A geometric obliquity factor f£(@) has been determined experimentally
for each detector as a function of the angle @ between the spin axis of
the satellite and the satellite-sun line. The application of this fac-
tor and Figure 2 converts the counting rate of a detector to absolute
energy flux units (ergs/em® sec) for any assumed spectral distribution.

Sensitivity @f the detectors is typically about 2 x 10™% ergs/cm? sec
(2 <X < 12 A) and tne dynamic range is 105.‘
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The detectors are insensitive to solar ultraviolet.

* The presentglisting of x-ray flares is independent of f{&) since
the flares are characterized by a ratio of peak intewsity to that of
the ambient quiet .sun. The monthly listing gives brief data for each
flare whose maximum intensity exceeds the intensity of the amBient
quiet sun by a factor greater than four. For each event the time of
onset (UT), time of maximum (UT), and peak ratio to the quiet sun value’
existing before the burst occurs are given together with descriptive
remarks. About ten times as many flares of lesser intensity are iden-
tifiable,

University of ITowa - Explorer 35 -- This satellite carries solar
x~-ray detectors similar to those on Explorer 33. This is in an orbit
about the moon with periselene and aposelene radial distances of 1.5
and 5.3 lunar radii, respectively. The s&pin axis of the satellite is
directed approximately toward the south ecliptic pole. Hence, the
geometric obliquity factor f(o) is essentially constant. GSolar obser-
vations are continuous with the exception of periods totaling 1 to 2
hours per day during eclipse and occultation by the moon.

Explorer 35 was launched on 19 July 1967 and placed in lunar orbit
on 22 July 1967.

Current monthly listings of solar x~ray flares (in the same format
as those for Explorer 33) are principally from Explorer 35 with minor
gaps filled in by data from Explorer 33. Hence, the coverage is essen-
tially continuous in time with a resclution of 81l.8 sec. The listings
will be continued for the useful life of the equipment (already 30 months
for Explorer 33 and 18 months for Explorer 35). Detailed catalogs and
machine plots of all observation (in absolute intensity) are available.
Requests for data for specifiec periods should be directed to J. A. Van
Allen, Department of Physics and Astronomy, University of TIowa, Iowa City,
Towa 52240 and after 1 July 1969 to the National Space Science Data Center,
National Aeronautics ané Space Administration, Goddard Space Flight Center,
Greenbelt, Maryland 20771.
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138
Sep 68

University of Tows

SOLAR X-RAY FLARES (2-12A°)

SATELLITES EXPLORER 33 and 35

Scptember 1968

. . " Peak-
?ggg O?EFt Maﬁ;?um Ralio +to Remarks
g : Quiet Sun
1 Sepbember | O&h3 o715 5 Mote 1
1606 1630 6 Note 1
3 Scptemoer | 1617 1628 b Complex structure
4 Scptember 0030 0053 9 Double peak, slow decline
- 0l1p 10
1119 1211 L- Slow rise, complex sitructure
1320 1524 ] Double peak
-— 1336 il
2157 ‘ 2200 5 Rapid rise, complex siructure
5 Seplember | - 0112 0115 ho Rapid rise, repid decline
1458 1506 b
6 Scphember | O9LY 0921 L Rapid rise, rapid decline
1h32 Ay L Complex structure
8 Seplember > 0106 |< 0118 > 1h Caset and peak not observed
1158 1212, L
127y 1239 5 !
9 September | 0116 0123 6
025 02L6 9
184k 185% - b Slow decline
10 September | 0320 0341, Iy
1142 1148 6
2010. | 2020 L
11 September .| 0013 0016 L- Rapid rise, rapid decline
2551 2hol 6 Slow rise, slow decline
| 13 September | 0849 0900
16 Sephember - -~ - Notably quiet day
17 Séptember | 2027 2031 >
19 Sepiemder | 0308 0512 Iy

Note 1:

These two flares have almost identical E£lux-time
profiles in detail and nearly the same absolute

flux.
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139

SOLAR X-RAY-FLARES (2-12A°) Sep 68
SATELLITES EXPLORER 33 and 35

September 1968

University of Iowa

. . Peak~
gggg O?;FL Maﬁ;?um Ratio to Remarks
Quict Sun
21 Scplember| 0302 0%06 6 Rapid rise, rapid deeline
1081 | 1106 L
22 Seplember| 084G | 0853 Y
2% Seplember] 051h 0550 L Slow risc, slow decline
25 Beptember|~ 1312 ks 9 Very slow rise and decline
26 Seplember| 0025 003l 17
1075 | 12k L Complex structure
27 Seplember|{ 1033 10%9 L Rapid rise, rapid decline
28 Septomber|{> 0147 0207 17 Onsct not observed
0716 0829 13 Very slow rise and decline
29 September| 0925 o9k2 10
1616 | 1624 22
30 September| 00630 [~ 0712 ~5_ Peak nol observed
1227 | 1237 4
2016 2250 9
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University of Iowa

IER-FR-296

SOLAR X-RAY FLARES (2~124°)
SATELLITES EXPLORER 33 and 35

October 1968

163
Oct 68

. . Peak-
gggg Oﬁiﬁt Nhﬁ;?um Ratio to Remarks
Quiet Sun
2 Qctober o240 o523 T
> 1950 2020 19 Cnset not observed
3 Qctober 2341 > 2411 - 13 Pezk not cobserved
4 October 1837 1902 5 Complex slructure
-~ 2155 L Onselt not observed
5 October 023l 0249 Y
1oy 1437 6
€& Cctober 1721 1736 6
10 October 1024 1139 5 Slow rise, complex structure
11 October 0459 0502 L Rapid rise, double peak
2321 233k L
12 October 1338 13kh b
2003 2007 p]
13 October 0642 0652 5
1334 1353 5 ‘
14 October - - - Quiet day f
15 October - 2213 Y Onset not observed :
16 October 0010 0019 Y
Ollh 0523 T Complex structure
07h6 0755 7
1040 1058 4
1508 1516 L
— — - A so numerous small flares
17 October . -- 1647 b Onset not observed
- - - Also numerous small {lares
18 October . < 0418 > 10 Onset and peak not observed
0937 o940 13 Rapid rise, slow decline
2129 2157 b
_ 2326 a3k 4
19 October 0036 0202 5 Slow rise, complex structure
: oL36 ollyy L
0937 0955 L
095¢ 1012 8
1851 1859 k
- - - Also numerous small flares
20 October 0650 o770k 12 Complex rise
1928 1933 h
lohi 1945 Y
2127 2121 8
- - — Also rumerous small flares ‘
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164
Oct 68

SOLAR X-RAY FLARES (12-12A°)
SATELLITES EXPLORER 33 and 35

October 1968

. Peak -~
f;gg O?igt I&na;nml §u§i? r_Lo Remarks
uicl Sun
21 October 02h8 0258 h
oks56 0508 11
0604 0609 35 Maxvimun flux, F{2-12 A®)
= 0.11h erg (cm? sec)™d
0920 0826 L
11235 1130 5 Complex structure
1hoh 1435 8
1726 1734 20
2125 2130 T
- - - Also numerouz smsll flares
22 Octobher 0139 0145 5
ohke oLt k-
0748 oThs 4=
1657 1702 k
- - e Also numerous small flares
23 Qctober 0357 0%59 16 Rapid rise, complex structure
0857 0902 Y
1740 17h6 h-
19%6 1oh1 5
2351 2L 20 39 Hote 1. Maximum Flusx, 1
F(2-12 A°) = 0.128 erg (cem® sec)”
2l Cetober 205 2rel 1k Note 1. Meximun flux, .
P(2-12 £°) = 0.032 crg (cm? sec)™
26 October - 0107 0127 b
1638 1653 6
2255 oLk 9 Complex structure
27 October 0103 0200 5 Slow rise, slow decline
1104 1112 L=
1142 1149 h
1234 1243 2h Maximum 1wz, F(2-12 A°)
= 0,057 erg (cm® sec)”
1307 13541 ah Slow rise, slow decline
Vaxinum flux, F(2-12 A°)
= 0.088 erg (cm® sec)™t
. 2208 2016 5
28 October 0502 0513 y=
29 October 085% 0912 5
ool 0959 b
1212 1257 12 flow decline
30 Ocktober 013k 0138 L=
1238 1501 T .
1331 1401 7 Slow rise, slow decline
2341 ehiy ho Maximum flux, F{2-12 A®)
= 0,128 erg (em< sec)™
31 Qctober 2226 2308 22 Maximum flux, F(2-12 A°)
= 0.079 erg (cm® sec)”

Note 1.

Homolopovs in flux-time profile.

‘70




IER-FB-297

144
Nov 68 SOLAR X-RAY FLARE§ (2-12A°)
SATELLITES EXPLORER 33 and 35
November 1968
University of Iowa
. Peak -
?ggg Oﬁigt Maﬁ;?um Ratio +to Remarks
Quiet Sun
1 November 0801 0915 12 Slow rise, slow decline
1958 2008 2l
22k42 2250 L
2 November o9ly7 1005 36 Precursor onset at 0925
- - - Also nunerous small flares
3 November 0712 0717 4=
1233 1239 8
2039 2042 7
- - - Also mumerous small flares
4 November 051k 0529 5h Slow rise began at OL58,
(ohs58) then a rapid onset at 051k
Maximum flux, F(2-12 A°®)
= 0.29 erg (cm? sec)™t
5 November 1341 1347 5
2011 2109 5 Slow rise, slow decline
11 November 1323 1325 Y Rapid rise, rapid decline
1443 1ks1 L
12 November 1421 L3 7
13 November 2109 211k 11
2140 2155 5
14 November 2037 2049 9
15 November 1027 1036 5
18 November o418 OUL3 6
1026 1057 110 Maximum flux, F(2-12 A°)
= 0.25 erg (cm® sec)™t,
very slow decline
2312 2516
21 November 0033 o0kL? L
20 November 0033 o1l5 L= Slow rise and very
. slow decline
23 November 0538 0543 L
1321 1325 6
1653 1656 b=
24 November 10Lko 1045 Y=
1410 1421 h-
25 November 123k 1248 4
27 Wovember 1115 1126 5
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84
Dec 68 Solar X-Ray Flares (2«12 A°)

Satellites Explorer 33 and Explorer 35
. December 1968

University of Iowa

j . Peak~
fggg O?EFt Maﬁ;?um Ratio to Remarks
Quiet Sun
2 December Tl 1732 4
1934 1959 6 Complex rise
2102 2123 20 Slow decline
L4 December 1542 1548° 6
-— - - Also numerous small flares
9 December 0610 0620 7
11 December 17 1202 5
14 December > 2234 2246 6 Onset not observed
15 December 2210 2219 5
17 December 1437 1458 k=
1543 1552 L
- < 1809 L Early phase not observed
- - —-— Also numerous small flares
18 December o430 > Ohh7 6 Superimposed on complex
structure
1907 1914
- -—— - Also numerous emall flares
20 December 0742 0800 N
1937 1958 5
21 December 1219 1234 b
141k 1419 4
22 December 0839 > 08L9g -- Peak not observed
1gh2 > 1950 > L Peak not observed
2 December 1936 194k 5 Complex decline
25 December - 0648 5 Onset not observed
~-Note 1
1836 184} 4 Complex decline
--Note 1
26 December 0807 081k h=
0937 0955 L=
. 1833 1841, 4 ) Note 1
27 December 0311 0319 5
- < 1115 > T Early phase not observed
2012 2020 e
28 December 0520 0528 7
- o7k >h Early phase not observed
1124 1131 9
2053 2105 5 Complex structure
29 December 1919 1936 35 Maximum flux F(2-12 A°}
= 0.090 erg (cm2 sec)_l

Hote 1. Similar sbsolute intensity-time profiles.
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Part II 57
Solar X-Ray Flares (2-12 A°) Jan 69
Satellites Explorer 33 and Explorer 35
January 1969
University of Iowa
Date Onset Maxi Peak-
1969 T %{,“um Ratio to Remarks
Quiet Sun
3 January 0L30 0501 11
4 January 1300 1312 ™. Complex structure
2056 2115 28 Maximum flux F(2-12 A°)
= 0.060 erg'(cm2 sec) ™t
6 January 006 0913 10 Note 1
7 January 0551 0556 -6 Note 1
8 January 0100 0107 3 Note 2
1726 173h b Note 2
9 January 0132 0137 il Note 3
0510 0515 Y . Note 3
1322 1412 4 Complex structure
1828 1840 ~ 5
13 January -- 0312 z5 Onset not observed
15 Januvary 1906 1910 Lo
16 January 1321 1326 4
17 Janvary 124k 1249 15 Rapid rise, rapid decline
Note-L-
1703 1706 15 Rapid rise, rapid decline
Note 4
18 January 0810 0821 5
0953 0340 L
1221 1228 50 Repid rise, rapid decline
Maximum flux F(2-12 A°)
= Q.14 erg (cm2 sec)ﬁl
21 January 0651 0732 8 Slow rise, slow decline
2l Janvary 0658 o740 30 Maximum flux F(2-12 A®)
= 0.050 erg (cm2 sec) ™t
25 January 1408 12 8
- - - Also many small flares
27 January 0732 o7h2
30 January 1ho7 1436 5

.Notes 1, 2, 3, and L:
Sets of homologous flares.
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58

feb 69 SOLAR X-RAY FLARES (2-12 A®)
SATELLITES EXPLORER 33 AND EXPLORER 35

FEBRUARY 1969

University of Iowa

. Pegk-
?;E; O%E;t Maﬁ;?um Ratio +to Remarks
Quiet Sun
1 February 2132 21h2 50 Rapid rise, rapid decline
Maximum flux F(2-12 A°)
= 0.1 erg (cm® see) T
Note 1
2 February 0508 0517 28 Rapid rise, rapid decline
. : Maximum flux F(2-12 A°)
= 0.056 erg (cm2 see) ™t
Note 1
% February 0159 0202 5 Rapid rise, rapid decline
0728 0735 11 Rapid rise, rapid decline
L February 2111 2154 L= :
5 February 1259 1345 Ly Complex structure
6 February < 0726 0751 8 Onset not observed
2228 2233 Y-
7 February 0129 0131 L
0520 0527 13
1642 1648 T
2218 2206 6
8 February 0413 ok18 6
1204 1207 18 Rapid rise, rapid decline
Note 2
1749 1756 16 Rapid rise, rapid decline
Wote 2
9 February 0657 0701 S Rapid rise, rapid decline
Note 2
1349 1356 >4 Peak not cbserved
1430 1425. 7
1558 1608 6
1723 1725 sk Rapid rise, rapid decline
Maximum flux F(2-12 A°)
= 0.073 erg (cm2 sec:)-l
10 February 0343 o3hé 5
111k 112k b
1933 1936 4 Exceptionally brief flare
2103 2112 )
11 February 1035 1040 28 Rapid rise, complex decline
1239 1252 6
2050 ~ 2118 ~ 9 Peak not observed

Notes 1 and 2: Sets of homologous flares.
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. o Feb 69
SOLAR' X-RAY FLARES (2-12 A°) eb.0

SATELLITES EXPLORER 33 AND EXPLORER 33

FEBRUARY 1969

. Peak~
Eggg Oﬁift Maﬁ;?um Ratio to Rema;ks
| Quiet Sun
13 February 1627 1638 7
) 2010 2014 5
1k February 0334 0338 6
1120 1123 12 Preceded by very gradual
rise
16 February -- - T em Notably quiet day
17 February -- - - Notably quiet day
19 February 1051 1104 b Complex rise
1641 1702 b= Complex rise
2040 2048 L
20 February 0618 0622 28 . Rapid rise
Meaximum flux F(2-12 A®)
= 0,060 erg (cm2 see) ™t
0808 0811 L=
i 1137 11ks e
23 Februsry olho ob51 9
24 February 2035 20k0 4=
. 2306 2%22 22 Maximum flux F(2-12 A°)
= 0.090 erg (cm2 sec)-l
25 Februsry 0607 0619 L=
0856 0918 90 Meximum flux F(2-12 A°)
= 0.38 erg (em® sec)™t
1936 1956 7 Maximum flux F(2-12 A°)
] = 0.O§Oerg(cm2 sec)"‘:L
" 26 Tebruary oly o430 55 Meximum flux F(2-12 A°)
: = 0.26 erg (cm2 see) ™t
0548 0613 8 Maximum flux F(2-12 A°)
' = 0.039 erg (cm2 sec:)-:L
27 February 1037 1050 8
1245 1257 5
1356 1412 70 Maximum flux F(2-12 A°)
= 0,30 erg (Cm2 Sec)“l
28 February 0135 0156 4=
1336 1356 L= Complex rise
1858 1926 L= Complex rise
1938 " 2002 11 Complex structure
2030 20L5 5
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SOLAR X-RAY FLARES (2-12 A®)
SATELLITES EXPLORER 33 AND EXPLORER 35

MARCH 1969
University of .lowa
. Peak~
E;gg Or;?']?t, m&{?m Ratio Lo Remarks
Quiect "Sun
1l March 1957 2019 5
2139 2148 30 Maximum fluwx ¥(2-12 A°)
) = 0.11 erg (em® gec)
2 March Q250 0256 5
3 March 2217 2228 14
5 March 0633 0635 5 Rapid rise, rapid decline
7 March 0209 022k g Complex rise
8 March 1802 1824 k- Complex structure
9 Mareh 0818 oG5k 10 Complex structure. Broad
flai, maximun 08%3-000% UT
1016 1020 5 Rapid rise, rapid decline .
1205 1209 - Rapid rise, rapid decline
1620 1625 b Rapid rise, rapid decline
1915 1922 8
2235 2257 5
10 March 0759 0817 10 ¢ "
1925 < 1946 = b Peak not observed
11 larch olko 0159 4=
12 March 1737 17hs5 115 Meximum flux F(2-12 A7)
= 0.43 erg (em® sec)”
2005 2011 T
2227 22%)L h-
13 March 2246 2258 6
16 March 2109 2118 )
233h 2343 S
18 March 0626 0636 11
20 March 16350 1633 L~
2146 2152 L
21 March 0L35 0208 2 Note 1.
1320 1343 6 - Note 1,
22 March o643 o6h7 6 Rapid rise, rapid decline
23 March 0627 O70h 9 Slow rise, complex decline
25 March 0551 0606 b Complex structure
26 March 0719 0725 5
0849 0925 5
. 1302 1311 4 )
1340 1h12 3 Slow rise, slow decline
27 March o048 0159 T Slow rise
1115 1119 4
1516 1337 31 Maximum flux F(2-12 A%)
. = 0.21 erg (cm® sec)
28 March 0056 0100 12
29 March 1958 2002 a
30 March o2L6 030z 1l
Note 1: Homologous flares.
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Apr 69

53D-303, Part II, 108

SOLAR X-RAY FLARES (2-12 A°)
SATELLITES EXPLORER 33 AND EXPLORER 35

APRIL 1969
Universiiy of Iowa
. Peak~
]ifg; Onset | Maxlmum | patio to Remarks
- Quiet Sun
2 April 1829 1859 T
3 April 1008 1014 N
17500 1310 L
L April 0339 0346 L=
8 April oks56 0510 R Onset not observed.
9 April o3he 03k L
10 April 0356 ohoh 15
1122 1209 5 Onset not observed.
Notably long decline
. ( ~ 16 hrs).
13 Aprit 1342 1354 b=
1} April oh36 oL58 4=
0356 0605 L=
0639 0701 =
1106 1109 4
1710 1726 4=
15 April 1352 1353 Y=
2358 . 2hlip L Complex rise.
16 April 2033 . 210L T
18 April o435 Ohhs L
0950 1001 6
1013 1019 8
2149 2158 L=
19 April 0906 0912 5
1349 1357 2
1838 1847 5
20 April 0528 095k 5 Complex rise.
Also numerous small flares
21 April o343 > 0548 >4 Pezk not cbserved.
0829 0825 5
0909 o9k8 5
200 2013 30 Maximum flux F (2-12 A®)
: = 0.11 erg {cem@ sec) ™t
23 April 0312 0333 5 Complex structure.
2k April 0309 0323 10
26 April 2301 < 2316 > 7 - Neither onset nor peak
. observed.
29 April 1042 1055 L
1111 1118 L
30 April 1429 1y 5
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L04
May 69

SOLAR X-RAY FLARES (2-12 A”)
SATELLITES EXPLORER 331 AND EXPLORER 35§

MAY 1969
University of Iowa
i ot Peak-
]]?;'et;; Or:js; t Ma_;c;?um Ratio to Remarks
Quiet Sun
2 May 17h6 1758 18 Maximum flux F (2-12 A®)
= 0.0%8 erg (cm® sec)™.
Complex decline.
3 May 19h7 2006 b
5 May 0856 1022 i} Slow rise, slow decline.
6 May 0236 o2kl 15 Maximum flux F (2-12 A°)
= 0.035 erg (cm® sec)7t.
0636 o648 7
T May 0156 0159 5 Repid rise, rapid decline.
10 May - - - A notably quiet day.
12 May 0133 o143 4"
0526 ~ 0615 “5 Peak not observed.
0756 o811 5
15 May 2217 2253 L Complex rise.
17 May - -— - Numerous small flares.
1921 1929 12 Maximum flux F (2-12 A;’)
= 0.0%7 erz {cm® sec)™ .
Complex decline.
18 May - < 0230 >7 Onset and peak not cbserved.
0545 0606 6
k7 1459 b~
1710 1723 18 Maximum flox F (2-12 A®)
= 0,057 erg (cm® sec)™ .
2059 2110 L
19 May osLé ~ 0603 >5 Peak not observed.
20 May 0034 0037 k Rapid rise, rapid decline.
1928 1943 b=
21 May 052k 535 L~
22 Moy oh35 ~ (W51 ~ 4 Pesk not cbserved.
1859 1909 15 Maximum flux F {2-12 A%)
= 0.041 erg (em® sec)™ .
oh May - 10652 5 Onset not cbserved.
25 May 1152 1219 L Cemplex rise.
2007 2025 4 Complex decline.
26 May 1100 1115 b Complex structure.
27 May o052 0057 T
28 May 1254 1300 11 Maximum flux F {2-12 A;)
= 0.027 erg {(cem® sec)™ .
29 May 0019 o027 5 °
0405 ohre 13 Maximum flux F (2-12 A°)
= 0.048 erg (cm® sec) L.
1hhg 1500 T
1900 19518 -
1938 1946 18 Maximum flux F (2-12 A®)
= 0.042 erz (cm® sec)™l.
30 May 0509 ChL3 6
31 May 191k 1946 8 Preceded by gradual rise
. beginning 1826.
2103 2126 18 Maximum flux 7 (2-12 A®)
= 0.0%6 erg (cm® sec)™,
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/6
Jun 69 ®
. SBOLAR X—-RAY FLARES (2-12 A®)
SATELLITES EXPLORER 33 AND EXPLORER 35

_ JUNE 1969
University of Towa )
[~ . . Remarﬁs and
' 2;2; ??i;t Mﬁ?ﬁ?um tEEZFTthégn Values of Maximum Flux
. L. e i uie E(2—-12 Ao)
© 5 June 0125 0133 h--
. ohly ohhly | b
0713 0735 | L
4 June 0627 > 0638 >l Peak not observed.
. 1647 1705 |, .
5 June < 095l 1007 63 Apparent precursor began 0927.
‘ 0.28 erg (em? sec) *
~ 1450 1512 17 0.072 erg {(em? sec)™t
6 June o425 olh3 I '
- 0609 b
0629 06LY 9 0.054 erg (cm® sec)™?
0737 0745 he oo
0815 0836 L )
1602 1609 10 0.049 erg (em® sec)™?
a¥2 2355 -
7 June 0018 0023 13 - 0.049 evg (om? sec)™?
- 1007 11 Unset not observed.
‘ 0.047 erg (em® sec)—!
11 June 1616 1630 11 . 0,051 erg (cm® sec)-1
13 June 15545 1731 5 Slow rise, slow decline.
1t June - <2204 | > 5 Onset and peak not observed.
15 June 0345 . o3 b
16 June 1253 1301 6
2020 202h L
- < 21135 > 12 Onset not observed.
18 June 1732 1736 1.
23 June 0248 0256 7
2k June ook3 0051 A=

Note: During this period there is aﬁout 25% lost observing time in intervals
of 0.5 to 2 hr. duration. ”
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ABSTRACT

Solar electrons of energy Ee 2 50 keV are used as test
particles for studying electric and magnetic fields in the distant
magnetotail of the earth. During Lhe prolonged solar electron
event 10-22 November 1967 [Van Allen and Ness, 1969] simultaneous
observations were made with the earth-orbiting Satelli£e
Explorer 33 in interplanetary space and with the moon-orbiting
satellite Explorer 35 as the latte; crossed the magnetotail.

On the basis of the fact that the intensity of electrons was
nearly identical at successive pairs of.dbservational points
during a wide range of gecmagnetic conditions, it is inferred:

(a)  that
I B . ds | < 1.5 kilovolts,

where E is the vector electric field, from any cause, at a

vector element ds of the tr;jectory of the particle and the line
integral is taken along trajectories from source points A' outside
the magﬂetosphere'to a successsion of points B across -the magneto-

tail at sbout &L RE (earth radii) downstream; and
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(v) that, using (a), data from the above reference and observa-
tions of the very short delay time ( + 100 see) in_aécess of solar
electrons into the central part‘of the magnetotail {(impulsive
event of 1t August 1968.as an example), solar electrons enter the
magnetotail at downstream distances between 64 and 900 RE

[ef. Lin and Anderson, 19661].

Otherwise stated, it appears that the magnetic topology of
the distant magnetotail is aﬁ "open one" (dynamic interconnection
to the intefplanetary field) and that there are no closed
electrical equipotential surfaces beyond 6L RE. This evidence
supports the idea that the motional electromoti%e force that
~ results from the movement of tﬁe interplanetary magnetic field
with respect to the earth plays an essential role in magneto-
spheric physies, e.g., in driving magnetospheric convection,

electrical currents in the polar ionosphere, etc.
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ABSTRACT

' The sbaolute #—ray flux from the whole disc of the sun in
the wave length range 2 to 12 A®° hes been observed for e prolonged
period by University of Towa equipment on the earth-orbiting
satellite Explorer 33 and the mopn-orbiting satellite Explorer 35,
both of the Goddard Space Flight Center of the Wational Aero-
nautics and Bpace Adminis%ration. The cbservations are continuving
at the date of writing (July 1969). A comprehensive catalog of the
flﬁx F(2-12 A°) is being produced. The observational technique
and the scheme of reducing data are described herein. Sample
tabulatioﬁs and plots are given. A catalog of tabular and
graphical data with a time resolution of either 81.8 or 163.6 sec

has been completed for the following pericds:

From Explorer 33:. 2 July 1966 to 27 July 1967
From Explorer 35: 26 July 1967 to 18 September 1968

These blocks of dats have been delivered to the

National Space Science Data Center

Wational Aerongutics and Space Administration
Goddard Space Flight Center

Greenbelt, Maryland 2077L, U.S.A.

and made available through that sgency to interested ﬁorkers in
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solar and ionospheric physies. Further blocks of data will be
made available as they are completed. An abridged summary of

principal flares is publiéhed in the monthly Solar-Geophysicsl Data

of the U. 5. Department of Commerce, Envirommental Science Services

Administration.
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ABSTRACT

Solar electrons of kinetic energy E, » 50 keV are used as
test particles to study the gross magnetic topology of the earth's
distant magnetospheric tail and eleétric fields therein. The
observétions have been made with similar systems of detectors on
the earth-orbiting Explorer 33 and the moon-orbiting Explorer 35.
Based on study of electron shadowing by the moon, of the simul-
taneous intensity of solar electrons in interplanetary space and
within the magnetotail, and of the very short time delay in
access of impulsively-emitted solar electrons into the magnetotall,
the following conclusions are proposed:

(a) The gross magnetic topology of the distant magnetotail
is an "open" ome (i.e., dynamic intercomnnection of geomagnetic
field lines to those in the interplanetary medium).

(b) There are no closed electrical equipotential surfaces
in the magnetotail at downstrean distances greater than 6L earth
radii.

(e) Solar electrons enter the magnetotail at downstream

distances between 64 and 900 earth radii.
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(d) Support is given to the idea that the motional

electromotive force caused by the motion of the interplanetary

magnetic field past the earth is responsible for driving

magnetospheric plasma convection and electrical currents in the

polar ionosphere.
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ABSTRACT

Absolute valuves of daily averages of the soft x~ray Tlux
F(2 - 12 i) from the non-flaring sun are reported for 734 days
during the period 1 July 1966 to 25 December 1968. The measure-
ments were made with thiree thin-windowed Geiger-Mueller tubes on
Explorer 33 and one on Iixplorer-35. The daily values were bounded
between ~ 0.4 and ~-6.8 milliergs/cm2 sec during this entire period.

The daily values of solar radio power flux density P(2800 MHz)
as reported by the Algongquin Radio Cbservatory, Ottawa are corre-
lated with these daily x-ray ;alues. As suggegted by theory, the
correlation is made between ¢n F and l/P. The correlation
coefficient r is found to be 0.857 with 99% probability that the
population correlation coefficient is in the range 0.831 = P =< 0.881.
Asguming that there is scatter in both the x-ray flux and in the

radio flux the least squares fit is

F = 27.3 exp(-385.2/P)

-22
where F is in milliergs/cm2 sec and P is in flux units of 10 2

watts/m2 Hz.



From a study of the theoreti:ca.l :;'elationships I make the
following interpretation. Tpe average temperature of the emitting
regions is in the range 2.3 < T < 6.8 million degrees and the
average emission npeasure is in the‘ra.'nge 7.6 < j' N: av =
35.5 X lohs/cmj. The afea of thé radio emitting region is much

gregter than the area of the x-ray emitting region.
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ABSTRACT

Thg burst component -of the -solar x-ray flux in the soft wave-
length range 2 A <A <l2 £ observed from Explorer 33 and Explorer 35
from July 1966 to September 1968 were analyzed. In this period L0g8
burst peaks were obserﬁed.

The differentiai distributions of the temporal and intensity
parameters of the bursts revealed nb'separation into more than one
class of bursts. ,The mest Ifrequently observed value for rise time
was It minutes and for decay'tiﬁe was 12 minutes. The distribution
of the rastio of rise~to-decay time‘can_be represented by an exponen-
tigl with exﬁonent ~-2,51 from a_ratio~5f 0.3 to 2.73; the maximum in
this distribution occurred at a ra£io of 0.3, The values of the total
observed flux, divided by the background flux, at burst maximum, can
be represented by a power law with exponent -2.62 for ratios between
3.5 and 32. The distribution of pesk burst fluxes can be represented
by a power law with exponent -1.75 over the range 1 - 100 milli-erg
(cm2 sec)hl. The flux time integral values are given by a power law
with exponent -1.44 over the range 1 ~ 50 erg em™Z,

The distribution of pesk bgrst flux as a function of Hx impor-

tance revealed a general trend for larger peak x-ray fluxes to occur
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with both larger Hox flare areas and with brighter Ho flares.. The
heliographic longitude dependence of soft x-ray bursts indicated
no significant dependence of x-ray burst occurrence on heliographic
longitude; the emission thus lacks directivity.

The theory of free-free émission by a thermal electron dis-
tribution was applied to a quantitative explanation of botﬁ hard
x-ray fluxes (data from Arnoldy, Kane, and Winckler [1968]; Kane
and Winckler [1969]; and Hudson, Peterson, and Schwartz [1969])
and soft x-ray fluxes during solar x-ray bursts. Using bursts in
three different energy intervals, qovering a total range of

1 ~ 50 keV, temperatures of 12 - 39 x'lO6

of 3.6 x 10Ll

°K and emission measures
Tto 2.1 % 10°° em™ %ere derived. The emission measure
wag found to vary from event to e;ent. The pgak time of hard x-ray
events was found to occur an a#efage of 5 minutes before the peaﬁ
time of the corresponding soft x-ray bursts. Thus a changing
emission measure during the event is algo required. A free~free

6 °K and with

-3

emisgion process with temperatures of 12 - 39 x 10
an emission measure in the range 3.6 x 10h7 to 2.1 x 10°° cnm
which varies both from event to event and within an individual

event is required by the data examined.
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