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INTRODUCTION TO PART II OF THE SOLAR X-RAY ATLAS
 

This atlas represents the summation of solar X-ray events recorded
 

during calendar year 1967 by the large ionization chambers on the OG0-I
 

and 0G0-III satellites. This atlas will continue the graphical sumiary
 

made available in the first section of the atlas issued in January, 1968
 

and covering the period 5 September 1964 to 31 December 1966. The details
 

of the instrumentation, the response of the ion chambers and typical 

samples of space data have been presented in the introduction to this 

first section of the atlas. For convenience, the introduction to the first 

atlas is reproduced again herewith. As with the first atlas sane of the 

events are observed simultaneously by both satellites. Others are observed 

with only one satellite but are identified by correlation with radio and 

optical data. Since the ionization chambers are sensitive to all types 

of radiation, the X-ray increases will often be accompanied by solar 

particle events, by transitory increases near the radiation belts 

associated with magnetospheric electrons and alwavs by a background-of 

galactic cosmic rays. Generally, these various effects can be recognized 

and separated. We have continued the indications of microwave radio 

emission of duration indicated by a horizontal line on the figure and 

with maxima indicated by vertical arrows with he frequency indicated. 

A similar code indexes any associated shortwave fadeouts (SWF). 

Additions have been made to the bibliography related to this work 

and they follow below. Attention is called to the space radiation summary 

entitled "A Survey of the Total Ionization Levels in Space, September 1964 

to May, 1968". This survey is particularly useful for identification of 

solar proton events outside the magnetosphere. 
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I. INTRODUCrION: 

The large ionization chambers carried by the CEO-I and 0Cfl-III 

satellites have observed many radiation increases which can be 

identified as energetic x-rays produced during solar flare events. 

It is the purpose of this report to make available detailed ionization

rate profiles for about 70 events representing practically all 

cases detected by these ion chambers during the observing time of the 

OGO-I and CGO-III satellites up to the end of 1966. Our group has 

studied the relationship between these energetic x-ray%and the 

accompanying radio emission and the results have been given in several 

publications (Arnoldy, Kane and Winckler, 1967a; Arnoldy, Kane and 

Winckler, 1967b; Arnoldy, Kane and Winckler, 1967c). Further details 

of the instrumentation not contained herein are described in several 

documents (Kane, 1967; Kane, Pfitzer and Winckler, 1966). Copies of 

the above quoted papers are available on request. 

The preliminary studies relating the x-ray phenonena to radio 

emission obviously leave many questions unanswered, and it is hoped 

that this atlas wifl stimulate further work in identifying the processes 

in various flare events and in finding same cases particularly on 

the solar limb which may give further essential.information about 

the location of the sources. Since the Minnesota group is not at 

present engaged in a detailed study of the optical flares as seen 

in H or other emissions or of the magnetic character and development 

of the active centers, it is hoped that other groups will find 

interest in such a correlation to reach a better understanding of the 

flare energetics. 
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II. DESCRIPTION OF THE MEASURING INSTRUMENT: 

The x-ray events tabulated in this report have been detected by 

a spherical aluminum walled ionization chamber containing argon gas. 

The general characteristics are given in Table 1. 

Table 1 

OGO IN CHAMBER CHARACTERISTICS 

Diameter 17.8 cms 

Wall thickness 0.085 ars Aluminum 

Argon 	pressure 

OGO-I 50 bs./in. 2 absolute 

OGO-III 60 ibs,/in. 2 absolute 

Minimum energy for penetration by charged particles 

Protons 12 Mev 

Electrons 0.6 Mev 

This ionization chamber is mounted at the end of a four foot boom 

which keeps it away fram the main body of the OGO satellite. The 

ion chamber sphere is adjacent on the end of the boom to a rectangular 

box containing same electronics and is covered by a very thin 

blanket of aluminized mylar. It is sensitive over essentially 

4Tr stetadians of solid angle but occasionally, due to the rotation of the 

satellites, will be periodically eclipsed by the body of the satellite. 

In same of the events shown (for example 28 August 1966) one can clearly 

see the roll modulation of the solar x-ray beam produced by this 

effect. In some cases both the 0GO satellites have simultaneously 
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observed the same solar x-ray burst. (See, for example, 20 September 1966.) 

These features plus correlation with other electromagnetic radiations 

from the flare serve to identify the ionization increases as being 

due to x-rays. Usually these x-ray increases consist of isolated 

events detected when the satellites are outside the magnetosphere and 

the ionization chambers are responding only to the galactic cosmic 

ray background. In such cases the x-ray bursts are easily identified. 

Sometimes, however, the identification is :more difficult especially 

in the transition region of the magnetosphere where electron "spikes" 

are often seen or during solar particle events in space to which the 

chambers are also sensitive. As an illustration of the response of 

these ionization chambers to various space radiations one may refer 

to Figures 1 and 2 which are "event plots" obtained during March 1966 

with ClOW-I when there was a complex series of x-ray and particle 

increases. These event plots are direct tracings of the automatic 

computer plot routine from the OGO data tapes but have, in addition, 

flare and radio burst data added above. 

The graphs shown in the figures are expressed in an arbitrary 

rate of resetting of the ion chamber drifting electrometer in units 

called normalized pulses per second x 103 (NPPS x 103 ). These 

ionization production rates in the chamber can be converted fran 

arbitrary units to energy fluxes in ergs an- 2 sec - 1 by referring to 

the response characteristics of the chamber. Such response curves 

assuming exponential spectra for the x-rays are shown in Figure 3. 

The conversion factors for the different spectral constants shown 

in Figure 3 are summarized in Table 2. 
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Table 2 

ION CHAMBER RESPCQSE 

- IPrimary X-ray SpectrLu dN/dE = eE i Eo photons cm-2 sec l Kev -

CHAMBER RATE INCIDENT CONVERSION FACIOR 
-1 3 ENERGY 

(N. pulses sec x 103) FLUX -2 -1 

E0 
(Kev) TOTAL 

>10 Kev 
ergsan

sec-i 

2 ergs an 

N. pulses 

sec 
-i 

sec x 
3 

10 
10-16 16-106 106-150 
Kev Kev Kev 

7 0.026 0.116 5.1x10- 8 0.142 1.7x10 8 1.2x10-7 

20 0.106 1.16 1.8xlO3 1.27 4.7x10-7  3.7x107 

50 0.165 2.61 0.07 2.85 3.8x10 6 1.3x106 

With the aid of this table and an assumption or other knowledge about 

the spectral shape one may convert the arbitrary ion chamber units to 

absolute fluxes expressed as ergs cn - 2 sec - 1 above 20 Kev incident 

energy, but actually for a practical sense between 20 Kev and 50 Kev. 

In the figures shown in this report the cosmic ray or particle background 

has been subtracted or in some cases the zero of the scale has been set 

on the cosmic ray baseline as shown in the figure. 

The orbital characteristics of the two OGO satellites are tabulated 

in Table 3. 

Table 3 

OCO-I OGO-III 

Launch date 5 Sept. 1964 7 June 1966
 

Height of perigee 280.5 kn 295.3 km 

Height of apogee 149,408.5 km 122,219.7 km 

Inclination to equator 31.11 degrees 30.97 degrees 

Local time at apogee =2100 hrs. =2300 hrs. 

Orbital period 63.98 hrs. 48.63 hrs. 

Spin period 11.85 sec =96 sec(variable) 
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III. 	PRESENTATION OF DATA IN GRAPHICAL FOPM: 

The data from which the figures are plotted was taken in one of 

three ways: 

(a) 	 ten second averages of the ionization rate calculated from 

the telemetered ramp as the ion chamber electraneter drifted 

between resets. The ten second average data is plotted as a 

smooth curve which frequently shows baseline noise. 

(b) 	 by ccmputing the equivalent rate for one reset of the drifting 

electramter by an accurate measurement of the time At of 

one reset. Since a rate point is obtained for each reset 

this means that higher rates give more points per unit time 

in the plot. The graphs using electzrmeter resets are plotted 

as histograms. 

(c) 	 the third method is to plot a point each minute but with the 

average taken over approximately 1.5 minutes of time. Data 

in this manner is plotted as a histogram. 

The choice of the time interval in the plot depends on the data mode 

of the satellite, of the size of the event and several other factors. 

The ultimate time resolution available is <1 second. 

We have also given on the plots the designation of which satellite 

has received the data and other relevant information such as 

accompanying shortwave fadeouts (SWF) shown as horizontal arrows 

starting from a vertical marker. This information was obtained franm 

the Boulder reports of geophysical and solar data. We have also 

given same information about associated solar radio emission also obtained 

from the Boulder reports of geophysical and solar data. Beside 

the listing of the frequency and the observing station the presence 
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of the radio emission is indicated by a horizontal line with a vertical 

arrow marking the reported time of maximum. Although radio 

infonnation is quite cwplete, the absence of an indicated radio 

burst may in sane cases be due to the unavailability of infonmation 

and does not necessarily mean that a radio burst did not occur. 
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