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in 1970 have been identified with specific solar flares. For the 50
proton events with energies 19-80 or >80 MEV, 72% have reasonably-

sure solar or geophysical sources. Of the 5S¢ purely low energy particle
events (1l-10 MEV) only 39% could be assigned probavle solar associationse.
For the numerous loweenergy particle events without confident solar
associations, tiaere were assorted tine coincidences with geoxnagnetic
storns, sector boundary passages, the development of new regions on the
disk, and the central meridian passage of significant centers of activity.
At the present time, the significance of these solar and geophysical
phenomena for particle enhancement is not known. °_° e £

Although the intervals of lowest solar acti » September
and October 1970, corresponded to the times of lowes: levels in Observed
particle enhancement, identification of the five greatest centers of
activity in 1970 did not lead directly to the solar sources associated
with the majority of the most energetic particle (19-80 and/or »30 MEV)
enhancements at earth in that year. Strong solar magnetic fields and
interplanetary circumstances apparently influenced significantly
the propagation of energetic particles from sun to earth. In spite

of this situation, the 23 "greatest" flares (CFI 211) formed a class
of solar phenomena in 1970 that were associated with the onset or cone
tinuation of increased particle enhancement in the neighborhood of the
earth regardless of all other circumstances.
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I. Scope of the Survey
2% 2770 777 Energetie-particle records for 1970 have been examined and dise
tihctive particle events have been tabulated by Ms. M. A. Shea and Mr. Don
Smart-of AFGL. Summaries of the recognized particle events were given to
Miss E. R. Hedeman, Dr. H. D. Prince and Dr. O. C. Mchler for study in
conjunction with the organized solar data at the McMath-Hulbert Observatory.
Thé particle data included times of start, maximum, and duration for each
event, and information relating to levels of energy detection and multiple
spacecraft response. The solar data considered in comparison to the
particle data included not only flare-occurrence, but also the formation,
growth and disk transit of major centers of activity and the activation of
large filaments. The occurrence of geomagnetic disturbance and the passage
of interplanetary sector boundaries also were included in the evaluation
of the probable or possible causes of oﬁserved particle enhancements. The
conventions and symbols used in the published "Catalogue of Solar Particle
Events, 1955-1969" (Z. Svestka and P. Simon, editors) have been followed
in the present study of 1970 particle enhancements. The symbols used for
flare and other associations are givea below:

@ Flare association is certain

® Flare association is probable

O Flare association is possible

@ The flare is probably a "contributor"

) Possible flare on invisible hemisphere

A Time-associated with a sudden commencement or an SC stomm

<> A modulation effect; including geomagnetic disturbance, and
CM transit of an active region.

The principal results of the study are summarized in Table 1
and its appendix. Table 1 presents information relating to all proton
enhancements in 1970 with assured flare associations. It includes bdoth
particle and flare data as well as numerous remarks which relate to the
dynamic radio spectrum, X-ray flux, electron data when known, and other
interesting or pertinent comments. More than 150 particle enhancements in
1970 have been studied but only 67 had sufficiently confident flare associae
tions for inclusion in this tabulation.

An appendix to Table 1 has been prepared which shows the dates
of all of the remaining large proton events (19«80 or >60 MEV or with PCA).
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in 1970 for which confident flare associations could not be established.
Possible flare associations and other types of solar or geophysical causes
are suggestedes This tabulation includes 15 entries. Together, Table 1 and

its appendix, account for approximately 55% of the identified energetic

‘ particle events in 1970. The remaining 45% of the events were confined to

the lower particle energies and were without assured flare associationse.




II. General Description of Solar Activity in 1970

The "maximum" in solar c¢ycle 20, according to the 13=-month
smoothed Zurich sunspot numbers, occurred in November 1968. The year 1970
therefore began just one year and one month after '"maximum," and it is not
surprising that the level of solar activity at that time was still very high.
Actually, monthly values for Zurich sunspot number, Area x Intensity for
calcium plages, and number of flares with importance > 1, all show that
January=July 1970 constituted one of the intervals of highest activity in
all of cycle 20. -See Figure 1.

The number of flares evaluated as “major® on,the'basia of their
ionizing, optical and radio frequency emission also reached maximum numbers
in 1970, See Dodson and Hedeman 1975, and Table 2.

"Major" flare occurrence was greatest in March 1970, with June,
July, and November also being fiare-rich months. See Table 3 and Figures
2 and 3. There was only one flare of Ha importance 3 in 1970, the large
flare on November 5 in a region with only very small spots. This flare at
E35° was clearly associated with one of the most energetic and long enduring
particle enhancements of the year. Of the 151 “major" flares in 1970, 23
had indices > 11l indicating very great flares, asain the largest number of
such flares for any year in the cycle. It may be of interest that 16 of the
23 greatest flares in 1970 took place in the eastern half of the solar disk.
It is possible that this circumstance introduced special propagation situa=
tions that in some instances tended to mask relationships between flare
occurrence and the subsequent onset of particle enhancemente.

In additicn, there were more centers of activity designated as
"major" in 1970 than in any other year in Cycle 20. See Table E. A center
of activity is considered to be "major" if it is judged to be significantly
above average in any one of the following characteristics: flare production,
ionizing radiation (SID's), size and complexity of spots, centimetric radiae
tion, or metric radiations An Active Region Index (ARI) has been derived for
all "major" centers of activity in the following manner;

ARI = A+ B+ C+ D+ E, where

A (0=5) is based on number of flares

B (O=4) is based on number of associated SID's

C (0=3) is determined by size and magnetic complexity of spots
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D (0=5) attempts to evaluate the relative magnitude of the centi=
metric radiation associated with the region

E (O=4) attempts to evaluate the relative magnitude of metric
radiation associated with the region

There were 41 centers of activity in 1970 that were considered to
be "major" and for S of these regions the indices were Z10. See Tables
2 and 3 and the lower halves of Figures 2 and 3.

The months of September and October 1970 were times of relatively
low solar activity. No "major" flares were observed between September 27
and October 21. Figure 3 shows that during this interval 1-10 MEV flux
was the lowest for the year and no particle enhancement with energy as
great as 19«80 or >30 MEV was observed. See Table 1.
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};}2__“_ General Description of the Particle Data for 1970

h“_- gy Tha:o are 152 particle events in the list prepared by Smart and
Spgiitpytthe year 1970. 1In general, they cover energy ranges from l.0=10 MEV
;;.}0_19-80 MEV or > 60 MEV. Of these events, 127 included proton enhancee
nentt.obéerved near the earth by the Explorer 41 satellite, 23 were recorded
only on other satellites, primarily Pioneers 8 and 9, and there were 2 cases
of electron emission without observed proton increases. Thirteen instances
of Polar Cap Absorption were reported in 1970. <Scee Tables 1 and 3. A

total of SO proton enhancements showed increases in the 19-80, >30, or

> 60 MEV ranges while 59 of the evqnts'appearod on only the lowest, 1«10 MEV

record.

In 1970, the energetic particle emission from the sun, as exemplie

fied by the low energy ~ 1l=10 MEV flux data from Explorer 41, is a record of
almost constantly changing intensity. The many distinct enhancements ranged
in duration from .~ one day to more than two weeks. The sensitivity limit

for the record was ~ 0.1 for 1-10 MEV proton flux (cm2Sec Ster)™l. The
distinct particle events in the 1l=10 MEV flux constituted increases from

€1 to 75 orders of magnitude. See Figures 2 and 3. There were 22 times

in 1970 when the 1-10 MEV proton flux rose above the 10 unit level for a
sustained interval of time. For 20 of these events there also were concomitant

increases in more energetic particle fluxese.
All of the PCA events occurred during times when the 1=10 MEV
record showed sustained flux greater than 10 units and more energetic particle

enhancements also had been detectede.

Thirty=four, or 68%, of the events with energy as great as
19=-80 MEV occurred at the beginning of or'during sustained 1-10 MEV enhance=
ments >10 flux unitse Accordingly, the 1=-10 MEV record shown in Figures 2
and 3 appears to give reasonably trustworthy guidance to the times in 1970
when significant energetic particle enhancements were observed in the neigh-
borhood of the earthe.

In 1970 there was only one extended interval with consistently

3 low energetic particle fluxe For Carrington rotations 15€5 and 1566, from

~August 27 to October 21, energetic particle emission was primarily low, and
no instances of PCA or events with energy as great as 1980 MSV were recorded.
See Table l¢ The intervals with the most sustained and energetic particle




emissions occurred during the end of January, early and late March, early
and late June, late July, mid-August, early November, and mid-December.
Table 5, with its distribution of all distinctive particle enhancements in
1970 by time and by maximum detected energy, reflects these intervalse.

«10=




IVe Summary for 1970

Ae General Relationships in 1970 between Solar Activity
and Particle Events

le Comments on Zarlier Years in the Cycle
In addition to the detailed intercomparison of individual particle
enhancements with specifically timeeassociated flares and other solar phenomena

as shown in Table 1, one can and perhaps should ask if, in general, the greatest

particle enhancements were concomitant with times of the greatest observed
solar activity. Conversely, one can try to evaluate the generality of ener=
getic particle detection in the neighborhood of the earth with the occurrence
of significantly above average levels of observed activity on the sun.

Unpublished, preliminary studies of this type for the years
1965-1967 indicate that when the sun was showing relatively low levels of
activity, as in 1965 and 1966, there was a gratifying agreement in time be=
tween the occurrence of above average solar activity in the western hemisphere
of the sun (centers of activity and flares) and the detection of enhanced
proton emission in the neighborhood of the earthe. Although the principal
particle enhancezments in these relatively quiet years were confidently associe
ated with observed solar phenomena, there were a few well defined increases
in protons and a large number of weak, low energy, short duration particle
events without apparent solar associationse. ]

The increased activity of 1967 introduced less clear cut agree=
ment between observed solar phenomena and energetic particle enhancements in
the neighborhood of the earthe In 1967, more of the great centers of activity
(Active Region Indices 3 10) traversed the disk without leading to unusually
great particle events at earthe The very strong, closed local magnetic fields
»spresented by these regions and/or propagation difficulties of the intere
planetary medium apparently inhibited the transport to earth of particles
from these regions and their flares. Furthermore, the greatest particle event
in 1967 apparently stemmed from a flare far on the invisible hemisphere.

Thie work for the earlier, less active years in cycle 20 leads one to expect in
1970 only a modest degree of accord between highest levels of observed solar
activity and the resultant particle enhancements at the earth. This expecta=-
tion is borne out by detailed comparison of the recordse
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2. Comparison of Highest Levels of Solar Activity in 1970
with Observed Particle Enhancements Near Earth

v-- T7IZl. ae Great Centers of Activity e

et “-In 1970 there were five centers of activity with Active Region
Indices >10. See Table 4. For only one of these regions, McMath 10845
with CMP July 24, did its flares and the time of disk crossing result in an
outstandingly great series of particle events at earth. Ten particle events
hi;érbeed‘dasociated with this region. This is the largest number of particle
events for any center of activity in 1970s Furthermore, McMath 10845 was
the only one of the five "greatest" centers of activity to produce a PCA=
associated flare out of a total of 13 PCA events in 1970 Table 6 and
Figures 2 and 3 summarize the particle activity associated with these five
great regionse It is somewhat surprising that of the 50 most energetic
particle enhancements in 1970 ( isee. = 19-80, > 30 MEV), only five have
been confidently identified as coming from flares in these "greatest" regions.
Consideration of the 41 "major" centers of activity in 1970 leads to the
iecognition of two additional centers with above average association with
distinctive particle events. McMath 10808, (ARI = 9) with CMP July 1, had
five confidently and two possibly associated eventse. Likewise "major® region
11002, CMP October 29 (ARI = 10), becomes one of the more particlee-rich
regions if, in addition to its two confidently associated particle flares,
one adds five 'possible” events, some of which are considered to stem from
activity in this region when it was beyond the west limde.

Carrington Rotation 1567, (October 20=lovember 17) was the only
rotation in 1970 to include the CMP of two of the centers of activity with
indices 5 10, and it was a rotation that included one of the intervals of
greatest particle enhancement and PCA in the entire year, viz November Selé.
See Figure 3. However, this outstanding particle event in November was
associated, not with phenomena taking place in either of the two great
regions, bﬁt with the large, isolated flare of Hqg importance 3 in McMath
11019, a region with a large bright plage but only small spots and none of
the usual aspects of above average activity. See Figure 3.

In 1970 recoénition of the five "major" solar centers of activity
with the greatest number of flares, the largeast and most complex spots, and
the highest levels of radio frequency emission, does not, in general, lead
directly to the solar sources associated with the majority of the greatest
particle enhancements at earth in that yeare.

12«




be Important Flares

Let us now consider the frequency of particle enhancements with
the greatest of the observed solar flares (i.e« CFI 3 11)s There were 23
"major" flares in 1970 with Comprehensive Indices as great as eleven. See
UAG 52, Table 3, and Figures 2 and 3. Nineteen of these flares have been
confidently associated with the observed onset of energetic particle enhance=
ments in the neighborhood of the earth.e See Table 1. The other four great
flares occurred during particle enhancements. This close association between
great flares and energetic particle enhancement took place even though twelve
of the nineteen particle flaies developed in the eastern hemisphere of the sun.
One of these flares, on August 12 at 20015% U.T., was directly at the east
liib. It was associated with particles in all energy classes up to > 60 M=EV.
Apparently, if the flares are sufficiently great, even far eastern longitudes will

not prevent the propagation of energetic particles to the earthe It can be said i
that in 1970 "major" flares with Comprehensive Indices 311 formed a class of ‘
solar phenomena that were associated with the onset or continuation of increased
particle enhancement in the neighborhood of the earth regardless of all other

circumstances. The magnitude of the resultant particle enhancements, however, |
varied markedly from flare to flare '

Be Consideration of Principal grdblen Particle Events or Circumstances
and Atypical Solar Regions and Flares

In 1970, although there were many low energy particle emhancements
without identifiable solar associations, and although numerous ambiguities
remain between multiple solar flares possibly associated with certain mora
2 energetic events, there were, in truth, relatively few instances of significant
particle enhancement without records of prior, above average solar flares.
See Table 5. Thirty-seven, or 74%, of the 50 events with .>19 MEV enhancements
have confident probable associations with specific solar or geophysical phenomena.
This is the case for only 23, or 39%, of the purely loweenergy l=-10 MEV enhance=
ments. The principal "problem" particle enhancement is probably the one that
began at low energies on December 23, acconpaniod by PCA and high energy particles
on December 24 The enhancement lasted for more than a week. There were no
appropriate prior flares. McMath region 11084 (ARI = 2) with numerous sube
flares was traversing the western hemisphere of the solar diske. Active region
11077 was on the invisible hemisphere. There was a +/= sector boundary crosse
ing on December 23, and the geomagnetic index "Cg" became as great as 4. This

«l3
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geomagnetically disturbed day apparently marked the first "member™ of the
first welledefined series of 27=day recurrent geomagnetic storms in the post-
maximum phase of solar cycle 20. Is there any relationship between these

assorted phenomena and this "“problem" particle enhancement of late December 1970?

From the solar point of view, there were in 1970 numerous somewhat

atypical situations. It already has been pointed out (Sect. IV, A, 2) that high

values of the Active Region Index did not, in general, identify the principal
particle producing solar regions. The center of activity with the highest
index (ARI = 14) in 1970 was region 11029 with CMP on November l4e This
region produced numerous "major" flares during its western transit which were
indeed time-associated with particle enhancements but only with enhancements
at the lowest energy levels. See Figure 3 and Tables 1 and 6. Did the very
strong closed magnetic fields, probably associated with this region and its
large spot group, prove too binding for the successful propagation of the more
energetic particles even from a flare with CFI of 13 at 22° on November 162
The same query probably applies to regions 10918 (CMP September 5, ARI = 8)
and 11002 (CMP October 29, ARI = 10). Conversely, one can ask if the relative
weakness of the magnetic fields of centers of activity with only small or no
spots plays some part in permitting the escape of flare-accelerated particles
from such areas. In 1970, five of the relatively rare "major" flares. in such
"gpotless" regions (including the great event on November 5) were confidently
associated with particle enhancements in the neighborhood of the earth. These
isolated, "major" flares in 1970 were generally associated in time with the
disappearance of neighboring filaments which, in turn, implies changes in the
local magnetic fields. The occurrence of particle events at the earth appar-
ently reflects both the magnitude of the flare-event on the sun and the ease of
particle escape and propagation to the earth. :

A last survey of Figures 2 and 3 leads one to ask again what led
to the several "problem" increases in particle enhancement between August 3
and 9. Was it continued activity in region 1084510882 while on the invisibdble
hemisphere? Or did the greatest of all 1970 filament disappearances on Au=
gust S«6 play some part in these events and in the magnitude of the long endure
ing enhancement centered on August 15«16? An equally vexing query comes to
mind as one sees on March 1, six "major" flares, some in the east and some in
the west and only ninor particle enhancements. ''hy did all of this important
solar activity lead to such relatively limited particle increases at the earth?
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A sector boundary had just passed the earth the day before and a moderate
geomagnetic storm was in progresse.

In spite of the fair degree of accord that has been found in
1970 between observed solar phenomena and energetic particle enhancements
in the neighborhood of the earth, many unresolved problems remain. Progress
in solving these problems probably will come only after there has been signife
icantly improved understanding of the solar phenomena themselves and their
inter-relationships, and after the role of the interplanetary medium in pare
ticle propagation has been more clearly determined. It is hoped, however,
that additional survey=studies of energetic particle enhancements for other
years in solar cycle 20 will provide further insight into the general problems,
which may in turn lead to improved understanding of the solar causes of energetic
particle emission in the neighborhood of the earth.

«l5=




Ve References

“Catalogue of Solar Particle Events, 1955-1969" Z. Svestka
and P. Simon, editors, Astrophysics and Space Space Science Library,
De Reidel; Dordrecht, Holland, 1975.

"Experimental Comprehensive Solar Flare Indices for Certain
Flares, 1970-1974" He V. Dodson and Z. R. Hedeman, Report UAG=52, “orld
Data Center A for Solar Terrestrial Physics; Boulder, Coloradoy 1975

"Quarterly Bulletin on Solar Activity of the Intere
national Astronomical Union," No. 169-172 (January=-December 1970),
Publisher Eidgen. Sternwarte in Zuriche.

Solar Geopbysical Data of Environmental Research
Laboratories of U. S. Department of Commerce, NOAA, No. 307=322.

=]1f=




62 *d uO Punoj ST S3UGIUOD OTqe3 JO uoTIeueTdXT o

*ay *Z<£/0%¥6=(X)Ve-T

qesu0 oTotazed | (WM % W) AI % (W)II| TT ©€€22T G660T TEMEIN AT  LITIpl
03 93NQII3U0d (W¥a) AI| 6  €€TIT L090T OS3LON UT  8STIpl
PTNOd TIV (WIa*W'HOQ) FIII| 8  €0ZTZ T6SOT LSHEIN YT  00YTpT
0e9=(X)VZ1=2

(WG W' WD) AI 3 (WIC‘W)II| TT €621 LO9OT OYASON UT  6ZSTpl

L0y TT,Texew oo T3 Ied
03 BO3NqEXIUOd  *IY T/00Z€=(X)VE-1
(W0a) A % (W)II| €T YEZTIe LO9OT 8YISON AT  9€60pT

*
Re) 9,

L°Y/0T~T  glTpT 9K

+
o+0,

0Ly=(X)Ve=-1
(H'WOd) AT 3 (WII| 6 €eZ0T LO90T ¢TGISON 98  00SOpT 062°/0T=T y90p1 JI®H
*9T~ST qed *d°d 4q 8°L/0T~1

pepedcead ‘exery ysser3ods, V (H)II| € 0T0Z0 4L9SOT <28HETS UZ 2020,91 T2000°/08=61 | yl0p9T qed

*IN 22T *Xvu oot xed
03 Fuynqrajuod’ surdeq WI03S DS (300333 SWD) 9¢6TpT

*aq 9/06=(X)Ve=T 0LT*/08~61
(WHG'W) AT 3 II[8  O0ETZZ 2ZySOT €9MeZS Az GSIST,Ic @)[o'c  §8°T/09< 9T Tc uer s N
*I0 yOOpOE °xXem w3
eToTared 03 S0IMQTIIUC) 06EZ(X)VE=T| €  000TZ 2ZYSOT SYiyIS UT TI0Zp62 1
0TZ=(X)V8=T *(H)eI 2v0°/08-61

0+rS, 044, o

&N wSSylT *1d + | T 000TT 2ZYSOT TYMETS AT 2TOTL,62 8°0 SL°0/09¢ nn.nvou wep

IN (£2pBZ XUH ;
eToTIaed  JYe</006Y=(X)VE=T

03 803NqTI3u0)  (W)UI ‘°g°D WOT |8  00EZE 29S0T YEwyTIS aAZT OT6TL82
80°/0€<

T€00°/08=6T  ySTpdZ uer

®+0

‘In BQﬂ:ﬂ.n SU0JI309Te + | € 000TZ ¢C%S0T 92/M9TS AT Z20Tpsc

°g=y uep ‘zedut/°y-q Jofen A 80S0T
*eaey} u@seTjods, ® ST enooomﬁo 0T0ZO\-90S0T/ SYHSTN UZ ST¥0pSi @

esnondfquy exetd (W)II K2 0T0TO €0SOT LLM?TS JT  LO%0pS €°ST/0T=T  y¥OpS ver
eouwawoddwsTp JuUoWeTTs + (H)*3u0d ¢ SI | ¢ OZITT 80SOT OTHEIN UT YI6TpE @ ¥000°/08=6T ylZpC uer

135 °T7joad ~*ON  *ploo) edul ewty Vod AR 0.61

edeld suy] b
SINGRAO0 S4HIO0 Viva aavid Viva To1iiavd
e I 37QVY

b ; L




*9T=€T I8H 3 ZT=TT Jel (+1 pue Zeduy)
8,°g*°q Xofeu osTy °*exeyl ,Seer3ods, VY
*Iy ¢°T/009=(X)Ve=-T1

LiuSZy€0 °Td + (H'woa)o 111

*ln yBTIps I033® A3ysusjuy
uy seswvexduy ‘sgsoafoxd uy swWp Jofel

*ay €°Z/0LT<(X)Ve=T

(3oa)rx
*lN 0OTT v 8sutdeq otZ=(X)Ve=1
(*woty oTnyL) Vod IyeT>*1d

.Ssnoch e oxeu L3I
=Ue MOT 03 JI03NQTJI3
=u09 v A1qyssod pue
-9XeT} 48se730ds, ¥

°ay Z/01s=(X)ve~-1
(H)II

*ay G/0%c=(X)Ve=1
I0 wOEyET Td +(H)AIL
Iy Z/0LY=(X)Ve=T quiT MmN ‘sdoot
pue fLeads‘sofans ydiaq'egedus/qIs

jusse eTdT3Ied JO (yO¥<) uUOFIBINP
03 SulINgIIJU0D ‘suifeq wi03s HS
L0g¥0pS 3® *XBW 0TI
=333ed 03 se3nqyay
=u0d Aqyssod = °xy 9/0LL=(X)V8=T

o6e=(X)Ve-1
(SOEH) y6Tp¥°Td +(HM 7 WAL 3 (W)II
*IN 4T0p2
e ore=COve-T
[ ]
j08u0 etofaged (RXQ*H) *3 10D

03 ©3NqQTIIU0d

PINO TTV . 1q ¢e1/0022=(X)VE-T

(W11

SLNIANNOD £ 74]

9  TOTZZ YT90T 9yMyTIS UZ 90c0pZT ©
(300730 WD) O
+
L Z0ZIZ STOT SYAYTS UT  T09T,L ©
¢ 00Z1Z SO 6YAYIS AT 22Tl @
6 ©TIZZ Y190T 60ITTS AZ 0YI0pL O
OT ZETTc OT90T 003YTS Ul  6TcTy9) *
@
9  T0Z0E §6SOT (eJvls ou)  ¢c60p9
(390330 SHWD)  S080,S ¥
+
¢650T LBASIN UT  0Ev0>
. . Moﬁooa €LIYTS UT  LOYOp W
TU  9€2TT ©€660T 6LMYIN AT  2Z8T,y @
L  TITIZ L090T 6CI9ON QT NSo..NW
L  ZTIIT L090T 6€dLON AT  SeeZplr@
§  Z00ZT 4090T €Y3LON AT  €20ZpT) ,
OT €12 ¢BSOT LEASIN QT  SS6T,T @
Td5 °T7j0dd “SON *pd00) °du] OuTL
edetd
Viva savid

(penupjuod) I TIAVI

§9°/01<
€00°/08-61

2°0 /08-61
£6°/0¢cv

; €°48/0T¢
3  0z*/oe-61

s°c
puw
T°SpL  £€°0/08<
0°Tp9 2€0°/08-61

L°CT/0T=T
€1000%708=61

w @&

g7 TpZT J%KH

g0%pl T¥H

€T I -

g7 Tp9 W

‘HN—-Q Il

yT°/0T< EZpT UIAWH

0461
euy(y

ViIVa T1o13avd

«lB8e

2




sy z/098=(X)Ve=T
GDIT*HHOQ)AT 3 (HYA*H)IT

0 .HDSHOQ gvexeu

03 pue ‘jes

=uo o7o¥73xed 03
93NQTI3U0d PINOD
seJeT} eseyy

*ay ¢/06€=(X)Ve=-1
edoad ut (W0d)oI
ay ¢°G/06e=(X)Ve=-1
(WA * W HOQ) *3u0)
*ay T/0€eT=(X)Ve=-T1
anuonzOﬁ 13 + (WA III

(shep ¢ ¢) 3jueae

eT9t73xed jo uogpjzeanp Fuoy 03 Fug
=3INQTI3U0d ‘1N6ZS0pTC euTFeq WI0I® g
*Iq €/004T=(X)V8=T °‘°8°D °*WO 0T
a:anﬁnoo.ﬂm + (WK WOQ)AI

*ay ¢°€/000T=(X)V8=T

LNgOEyTZ *Td + (WNA‘W)AI %3 II
wejods jo

qinos Je3ydyad, Mou 890l IN TTLI

wQ@TI*M 330 8dooT °*woud, :lN €691

=330dex 030U 8I9AIOSQ0 H=HWOW

5 OIQ 3 W) °3u0d +(KW)II

INgSTysT 13 oﬁ _ (K3a) >Hw

*ay z/06e=(X)Ve=1

: (Woa) © III

(sfep gIn) XNT peswveaduy jo potxed
Suol 03 863NQFIIU0D (Tc=8T JeN)
19901 UoT8ex 3o 3ysWe) NSiqQ

Lol day g2 /0LT=(X)Ve=1

co - (I *(H)II.

°ay . 1/79=(X)Ve-1

o (RMAfR)ALR (R)II

%1

144

¢eT0e

20TT1Z
ozele

000TT

yeeTe

zeete

0€000

00TTZ

ottet

Teott

SL90T

6990T
69901

6990T

1990T

1y90T1

482901

8€901

Y901

0€90T

SCEOTN us  ¥ZeZp8 O
0230TS At  9SsST,

@
0cEETS UL €S6Ty9)
yZATIS Ul  €2UOpL ©

320333 sup )

re

LEWTN Az O0T00,6Z @
OTZ¥IN AT 20ZTpsZ @

Ano.nd.nh ozv Monh.n ..w

00LT w

ZOMBTN UT  9vGCTpee

278uUBl] woT3eYy

9036TIN JT SEO0pTZ

e 0+

SLAYOS UT 960Tp8T

91T

S°0

€°26/0T~T
£80°/61=9 yCTp6 2dy

YI*/61-9
LZ*/0T< y60pL 3dV

0%°/08=61
LY°9/09¢ yl0,6Z I¥H
0%°1/01€
¥0°/08=61 qZZpST I®H
€90°/08-61 :
€2°/09< yBlpET J®H
8°6/0T~T :
68000°/08~61 _.B...S JeH
SL°/0T=T oEZp8T oK

=10«

i




W

equyy 350m puokeq sfep zw ‘exoyds
=Twey OTQTSTAUT U0 0QLOT Arqtesod
*ay g</8e=(X)Ve-T

(WII [v  ZTITOO 09L0T (OI8TJ ON)  €%0Tps B 2°8/0T-T yblpS unp

°g=y ounp ‘41 eduy/°g°q = oSV
*quyT 3804

puofeq slep z 3noqe ‘exoydsyuwoy
OTQTSTAUT WO ST 09LOT UWOTIax OAT3OV

(H'HOQ)II |€  ZT000 09.0T (OIeTd ON)  L¥EZpy (@ ¥°S/0T=T 40,6 unp
*Iq 6</0TZ (X)Ve-1 yZ*/01<
(WAL 2 II [OT Z€T2Z 09L0T OLMBOS UZ  8T90,Z @ 69000°/08=6T  (OT,Z unr
0LT=(X)Ve-T
()9 III |4  €0TTZ O09L0T 8SHSOS UT LOTTplc @
*IY g°G/0ey2(X)V8=1 4 90°/08=61
L0mOZySOo °Td + (H)SI |4 TOTZE 09L0T TENBOS QT 9ZZ0p0c @& |6°T 06°/0€« yBOpOE Lel
*xq z/0¥9=(X)Ve~1 |6  00TZZ STLOT €TdYIN Az 9590,8 @ ¢
*IYTY/T9<(X)V8=T + €2T/5°1-6°0 o
(MQIII |  OOTIZ GOLOT ©8SOTS Ul Sc2Zpl © | | 8°S6/0T~T  (LO0p8 AWH '
0LT=(X)Ve=T |©¢  OOTTIT S$ZLOT OYIAYIN UT €ITTp9 @ TOLL/OT-T ¥ 19 Kol

°G~y Kep *+z°dut/egeq souwodeq
*ITd °SuUOT3oX OM3 usenl3dq JuULsWETTI
® 03 pejerex exeyrl ,ssetjods, ¥V

Iy g°g/0ew=(X)Ve=-1 2240 LZ*/0T<
INgOTyZO0pS °Td + (WAA*H)II |© 0T020.¢¥TL0T) 80ATEN 3T 22Ty @ =/08=6T  ySOpS AeW
*ay G°T/069=(X)Ve=T
(soeq) °T3 + (WIA'HOHOQ)FIII |4  2TOZTZ %8901 €LMSON QT LEOOpSZ @ 0v°/0T-T y¥0,sz dv
*IYy </00eZ=(X)V8=T g ;
10,0470 °Td + 60°/0T<
(R'HOQ)AT 2 (H)II‘*d°D°Wd OT |Y¥T €€€Z€ O0L9OT cemcIN AZ CTIY0pST @ [9°0 8%000°/08=6T 80pST 3dv
; r.-iu 917J0dd ~°ON °Pioo) +dul oWty vod aR 061
edwid euty
SINIRH0D UARI0 Viva qavia ViIVd J1013avd

(penugjuod) T ITAVL

[ - -
F; - o A B R e e e e e e e A o 2 - e




“

Iy G°T/063(X)Ve-T
(MIA*W)AT %3 IIX

6,=(X)Ve-1

(WAQ*H)AT 3 () II

*Z=1T AInfuesmjeq o0oT(X)VZT~2
zeday/+g+q Jofen + (WA *H)DIII

*ay z/00ce=(X)Ve~T
(JOIA*HOA)AL 3 (WMA'H)II

°egZ ounp uo
JueAe SUTMOTTIO) ‘sutleq w038 HS

*ay T/00c=(X)Ve=T

I0y00yT0p92 °*TI + (WOA)TONN

*eJe} y8soT30dg, V

°xy /0T = (X)Ve=T

(W)DIII

oBbSQNﬂQH

Uoexem ayoypixed 03 estx 3uoy Jutanp
68L0T UOTIOX UT POJIINID0 Seael)
quejaodwy Auel ewnmyxeuw eydF3aed

03 pue ‘qesuo eyotrj3aed o3 ,SI03n
=qTI3U09,, oTqFesod oJge soxwT} ©S9Y]
*ay 2/0062*(X)Ve-1

(HIQ*K) *3u0d J(WNA* H*WOA)DIII

Iy Z2/0005=(X)Ve=T

(KOA)NI *(WOQ)A %3 DIII

*ay G°T/00TS=(X)Ve~1

() IX

*ay ¢°Z/00eT=(X)V8~T

I05004LT* T3 +(WDIT‘ R WOQ)ATL * (WHA* W) 1T

14 ¢

1T

eeTIl

(457488

1%0) § €4

cez1e

coeet

10120

1444 ¢4

0,024 (>
Ttece

€eeet

8080T 6CMGTIN 9T
8080T LTMBTIN UT
8080T CTMGTN Ul
8080T <CHTCIN QT

(399339 SWO)

TO80T <ZTIOTIN az

86L0T 92T100S UZ
M.Suoa 803STN Az
68L0T ZZJABIN uT
68L0T GSEd8IN QT
68L0T Zvd6TIN aQZ
68L0T Zy30ZIN Qz

onbde

1202, T

8S0T, T

@ e+90 e

SY6Tp82
9000pL2| ¥

¥€8TpS2) @

ITL0pSZ @

9TETpS
Y0ETpST

659TpY T

cogopyT / +

eyt ©

8°0

TT°/0T¢
¥000°v/08-6T

€°L6/0T~1
9G°/6T=9

T0°1/0T~-1
92000°/08~6T

9°1/01«
¥000°/08=61

€900°/08=6T
€6°/0c<

€€0°/61=9
8c°/01<

60°/0€ <

B R T R T B R R T T T R T AR WS SN e

6152

:anmN
490pLT

ANOvON

qSTpse

e

e

unp

unp

unp

unp

¥€00°/08=6T ylilpyl unf

-21‘




Iy g°T/00e=(X)Ve-T1
(*3u0d J0)(WYA)AL

*ay g°e/L8=(X)Ve=1
INy00peZ °Td + (Ia) 11

*£3T8UdqUT

WI0}8 UT 68voJOUT pue LNTELOpIC OS
.a:soacou eouts ssexdoad UL SO
*ay G°T/00%T(X)Ve-1

(W*HOQ) AL ‘°g°*D WO OT

*ay g/01e<(X)Ve-1

*IN g0Ey90 °T3 + ()AL

‘LN noo | £4

3% e°xeu oTOT3
=Jed 03 X03NQTI} °IY C°ZOYE=(X)VE8=-T
=uod eTqyesod.y (HOQ) AL
Iy §°c/006% < (X) V=1
(HIQ*H)AT ‘°g°d W 0T

(WA H)DIII
4USWOOUBYUS UO3
=0ad ou = jueAe ,uox3dere eand, y

wesjurod 3ydtaq

TTeus,, perTed eJe GIEOT PU® £TBOT UT
80IVTI=qNS , *89INIONIYS YOoJI© YT TIq,
wiodans udtaqu,fsedng, :IN 0£8T=0S9T
usom3leq L3TATIO® QUL 3994 efqelepts
«U09 938ITPUT 8630U 8IOAIESQ0 H~WOH
*ay ¢*Z/009=(X)V8=T

LNgSTysT °T3 + (WIA'W)II

*(=9 ATnp ueemizeq Z cdmy/°d°q
J0feN + °ay ¢*Tv/098=(X)Ve=T
1NwO0y2Z °Td + (H)II

SINIWAOD YIHLO

14}

1q¢

7T

L
140

€ETIE $Y80T €TON UT 620T,cz @
€TZ0T $¥80T 6TION a8 O0Y6TZZ @
(300330 sHD)  Z€LORTZ @
+
Z6CTZ SY80T ©€€480N AT €200pZZ . @
+
TETIZ SY80T GSYE60N UT LE%0pTZ ©
T€TOT §Y80T €Y4GON U8 0€0Z,02 @
+
€CEZC SYBOT GSABON AZ 60TTp0Z @
00000 S$TSOT O0ZHOTS U  SISTpe @
(snondyquy A1qyesod)
ST80T 4Tr60S 39 %591
€T80T 9SHOIN 38 2ol
TI0Z {g0goT OGiwZN 38 8Y0TyL
seaeyj~qns JuUTMOTIOF ( TTLI
43TA s3sang II odAL | vcotps) ©
ZTTTZ 8080T O6MZZN AT  LETZpO @
0TF30xd °ON *pI00D oﬂﬁH ety

edetd
Viva david

(penugjuo)d) T IV

€°49/0T~1
100°/08=6T (ZT>p€Z Inf

T°6/0T-T 00,62 TAf

Zs*/0Tx
§100°/08=6T qLOpIZ NP

0Y°/0T=T yST,0Z TP

(suoxjoete)
y°1/S°T=5°0 w0ZySTp8 TR

%0°/08=-61
1€°0/09< y8TpL TP
10°/01<
200°/08=61 y€Zp9 TNL
Vod AIN 0L61
oW}
VivVd 3101348vd

=22«




Rt e e e "

W
*aq ¢°Z/0T2=(X)V8-1 y°1/0T-1 |
I0 wOey?T>°Td + (W)II |¥  TITOT ZOOTT OSMOTN A% OTZTpT @ 85000°08=6T  yyTpl AON m
*Jy G/06€<(X)Ve=1
(FIAH)AI 3 (W)IXI |9T ¥€ZZ€ TOOIT T2ATIN qZ Tecip8z @ S%*/0T=T ylT»p8Z 190
*ay z/02=(X)V8-1 :
w, exwyj po0Tr0ds, ¥ (H)°3uod ‘(WMI)II |€  OZO0T0 8Y60T TINGON JT ZT9TpYe @ 08°/0T-T OZp¥Z des
*3q T/OE=(X)V8-T
(H)°3u0d ‘(WAA*W)II [€  OZOOT 6S60T OCICIN Us LIBTpEZ @ 80°/0T~T yEZpee des
*aq T/0LT<(X)Ve=T
(DIA‘W'HOQ)FIII |€  ZO00T 8T60T €BMETN U8 GOEZpll W
(W)*3u0d [y  TZTO0 BIGOT 6BMCIN Us OSLILIT © TY°T/0T=1 yIZpll des
06e=(X)Ve-1
(HIQ)AI |TT €€2TZ 8T60T LYMETN AT L2TTp8 @ ¥5°/0T-T 8T8 des
eguojdex eafioe { , M“.n () 7A &
e3vaedos oa3 UF JUTIETS usooﬁﬁzﬁm“ﬁﬁ ZeZIC S980T SLMOTN e 09T,%T)lg
*ay 9/00%7=(X)Ve=T 9Z°/08=61 3
m INyOTpST XeH °Td + (H'HOQ)AL 2T €621 Z880T YLIOTN QT 209TpyT /- [9°2 82°/09 < ZZpyT 3V o
. INgOOyYEZPpZT°Td + *IY ¥ </006%7=(X)V8=1 T0°/08=61
(HMA*HWOQ)AI B (WDIG*H)II®°€°D wo OT [¥T YecTe T880T O63ITIN AT STOZpZT @ ST°/09 < (TO,€T 0¥
°T *3ny=-1e ATnr
: peaanooo eSwssed Lxepunoq J0399S
u egJoydsTwoy eTqQFSTAUT U0 ‘quyy 3senm .
Puiyeq Kep T ST G¥80T UOTIex ATV LS¥80T D
; J0
_ *aq g°g/066=(X)Ve=T [§  00TZZ TSBOT €YMOON Az GZOTL,T © €9°/0T-T  ,TZ,T 90V
*ay 1/06€=(X)Ve=1
‘Il ZOEyLO0 °TT + (W)°3u0d 3 ST (OT 22ITE€ SYBOT SEATIN UT LTLOpiZ @ © ¥°T8/0T-T STpLZ TNC
*ay z/0002=(X)Ve=T 960°/08=61
INpSyy8T°Td + (H'WOA)AL‘*8°D WO OT |ZT €eeTZ %80T 6GOIGON AT Z€8TpeZz @ |9°C 0s°/0ex ylZpeT AL |4
| 3




egnondfque qnq .co»n«oomnuwouuﬁu
ay ¢te/0eT=(X)Ve-T
(W)II

*Iy ¢°0/0TS=(X)V8=1
(H)A + °TONN

Aaauuoovau 25 ue y3TA uedag)
ggexdoxd uy 8§ SHH) ejeIxepour y
*Iy G°Z/0T1S=(X)Ve=-T
(Cu@)HOA)AI %3 (H)II

*ay z/0eT=(X)Ve=-1

*ay 1>/00e=(X)Ve~1
(W)II

I0,80°Td + °Jq €/0069<(X)V8=T

sxeu oToFaxed 03 ,,103NQTIJUOD,
® L1q78sod = °ay T/0TS=(X)Ve~-T

snondgquy (°Iy T/09€=(X)VZTI=¢
CR Iy £/069<(X)V8=T

*a% 6/008T<(X)Ve=-T

.azmbo ‘13 +
(H'HOQ)AI 3 (W)II‘*g°Dewd OT
*xy G/00LT=(X)VE=1

(1n ocez=0zeT) Aep 11®
ssexdoxd uyp (WIA*W)°3u0) 3 (WIA)AL

*INy90°Td + *IU L/00Ty=(X)Ve=T
*uotdex
8seT30ds 3S0WTY U® UT JUGA® J®¥edd Y
cay ZT/00€Z=(X)V8=-1

.a:noamwo ‘T3 #
(H'HOA)AT 3 (H)II‘*€°*D wd 0T

SININAOD ¥EHIO

€90TT BTMNS U8  §TEZpS

Yy OTTIT ®
090TT OYMSIN YT  6SZTZpS

L Z0TZZ €LOTT O06ITZN YW €S60pY @

(390330 SHD) O

L TTTIT SEOTT OYMLON QT ZISTLTZ :

vy  00TIZ SEOTT OYWSON utl zzetptz) @

L  TILIZ GSEOTT G6TIMTION UT 9%ZZp6T ©

L 00ZZc 6ZOTT SEMOTN AZ ZELOpLT @

9  €OTTT 620TT SEMLIN UT ZYSOpll @

y  00TTIZ 620TT SENSTN AT TZTO0pLT M

9  2Z0TIZ 620TT €EMOTIN UT ZYTZpol

2T Zeeze 6Z0TT ZZMOTN qQZ 2Y00,9T ©

S  00TIC 6ZOTT GTAOTN AT YSLT,ST @

8F T 2ZZ 6ZNTT ZTIMSIN 42 GZI0LST ©

yT zecec OTOTT Se3cTS Q€ LOCOpS @ [S°€

T30 °T7j0ad “°ON “paooy ~duy euty Vod
edetd
Viva auvid

(penujzjuod) T ITAVL

2°8/0T-T
€000°/08=6T 20,9 2ea
2°2/0T-T yE2>pYy 900
9°6/0T-T ¥T,TZ AoN
£T000°/08=6T T0p0Z AON
9°c/0T-T qITpLT AOK
S*T/0T-T y70pLT AON
09°/0T< PT>pOT AON
08°/0T< u¥TpST AON
£40°/08-61
8€°/09<  ySOS AON
AR oz6t
euT]
Viva F1013avd

24e
"




*gutdaq WIO3S 95
-/06€=(X)V8=1
LiylZ °1d + ((eurwm 9)WMNA)AI 3 (H)II

*3UGA6 UOIFOOTEO PUODSS 8Y3 03 (103
=NqFI3U0Jy V XY TS/00ZTAAX)VE=T
(eanp eutm £) (H)AI
*ay 8/00L=(X)V8=~T

In zOEgOT 3 I gOOyEO° T +
(R'HOA)AT % (H)II *°d°p°wd 0T

*aq ¢ T/0TeT=(X)VZI-2C
(W)AT % II

i8

Tt

ot

¢t

€eT0T

€cTTe

ceetl

eezie

(320333 SHD)

LLOTT YOJIOTN aq®

LLOTT €TIOIN qt

€L0TT TOMOIN UT

LLOTT ©€JOTN Al

YSTOpYT W7
+
TE8TET @

1060,2T @
+
£02Z,TT @

SZTOTRIT @

0500°/08=6T
8°T/0T< (ZZpET 2ed

y1°/0€ <
8°0 9500°/08=61 acovuﬁ Jeq

$%0000°/08=6T yOZpll 9ed

|
w
|
|

A e AR

®«25=




e o i et Bt bl 2 B R Y P T P T TR s TR TR TSN WS T I N R W ORI rwrm e e S h e sl ey o e o s s

1 P oo a bRt R SESSIS S — sias e

ejueuwedsueyue uojoxd

OU = 3U3A8 uox3oete goand, V (suox3de1e)
(WIA‘HW) D III ‘LN, 02yST°T3| O 00000 €TBOT OZMOTS UsS SIST,S® ® y°1/S°1=5°0 .—n._”vo Linp
.apsoo:oowbw 25
Y3TA ueleq WI038 °JVWOLDH (3%0330 SUD) v
0eT =(X)Ve=1 I0
..Snoo:mo °13 + (W3III| © ¢000T ©080T €%3ITZN US «ohoohu (o) €00°/08=61 noovhw unp

equiy 390 puofeq Lep T ‘exeydstuway
OoTqQTSTAUT U0 8F 68L0T UoTdex oATIOV w

IN,0€y0 *1d 1,68L0T o £00°/08=6T  ¥0,SZ urr
* 10,05 ,L0pLT
‘sutdeq wro3s 95 ouu I0PON (3%e33e SHD) 7
JO
*W°D 3 BT 68L01 UOTIaX 8ATIOV (uor3ernpou uojdey) O
*JH G°T/0LT=(X)VE8=1 10 I
L0yZT °T3 +(W¥Q) wnnujzuod( ¢ 0ZT0Z 68L0T COMGIN US %STI>pLT O 9€00°/08-6T ¢lTpLT unf =
'
I04ST,9T sutdeq wioze yenpexd ¥ (399339 SKHD) O
equil 3804 puokaq JI0
Aep ouo ST 0L90T UOTFeX 8ATIOV { 0901 3D
J0
(VI3A) INwery6T°1d + (Wa'W)IIII| O 00000 %8901 6%3808 UYS SI6TpT O €100°/08=61 ZZ>poT 24V

*juUa4se oTIT3xEd
Jo .831.26 Juor 03 s83NQEIJUO0D
AN ooZJ:c:-H (DIA'H'WOQ)AT B II| 2T €€T2€ LO9OT GOJLON Az 81eZpiZ @

.

b o) ..:.oaxo\.uﬁzenama 20000 S6S0T TUWAYIN US LyZT>p02 m
.S..onnoﬁ.ﬁ + B30 *9aps’ *ITquu-agvti|l Z T00T0 £L090T %L360N QT LS80>poZ 68000°/08=61 91,92 aod-
T30 ©1tjodd ~*ON  °Pioo) *dul owyig Vod AR 0L61
; edveld (1§ &4
Viva 3avid VIVa aoidavd

XIGN3ddY = I FIEVY

R




*1NySO~,L 3e unupxew eToy3xed 03 ,J03
=nquI3l109,, ®©pue ‘eaeydsymoy oTqISTA
U} U0 ZOOIT UOoTIex eAf3de sdeyaed
L
*10,;97y00pL ‘SUTdeq wr03g OS
I0gTops °1F
equy 399m puofeq skep Z 97T
ZO0TT UOFdax ©AT3IV *LNg0€,60 °1d

QUi 3IS°AM

puokaq 3snf ‘exeydstmey OTqQESTAUT
uo 8T Z0OIT uot3ex 9AT3OoV °pejxodex
B0V} ON °*INy¥2rpS °Foad uy 13

°*quIT MN J®¥eU pgeZ U0 sxeadde
e3e1d 3y3t1Iq Meu Trews ® ‘o08TV
(*g@os wox3 seJgerd)

(H)DIII

*INg0EySO *Td +|(W)IIII

eoJegsed qufy 39we axo0jeoq

efep ¢ 3noqe ‘egoydsywey O©TqTSTAUT UuO
8T 28801 u0oTdex eAF3dV °ZT=-8°dny
ueamilaq °K°) sessoxd sefetrd 3ydtaq

Jo youoZ, V .Aeanoavm 98T X °1d)
exnyJ o7oF3a8d Ul esweIOUT Tenpexd

® JO 3J83S °pojefoosse=eaeyj 3JON

*(I 91QBlL UF)pgEZ UO S6IBTF IOTTIEO 03
Po3eTOd *INOSyElpyZ 3I® OS5 PUOIAS +
‘10592, TTp72 ©ouTs ssexdoxd uy

w1038 9§ uuoucduspsn J0 S8JX®T} ON

SINTWAOD

eIBTJ uUMOuU3y OU

T 01000 ang (H) II = LZ0%0,L w&
(300330 s10) W@

oIV} UMOUX Ou
T 01000 3nq ‘(WII = 386v90p9 ; [J
2 zoott ¢a
J0

0 00000 2Z880T LCATIN 3S ST%0,€2

0 00000 ¥Y680T SIA6TIN s sosopez) O

(weyqoad v)
(399330 SWO) W

130 °Tv503d ~*ON  *PIoop -dul Suyg

e3v1d
ViIV@ 3avid

(Ps3u02) XIGNIIAY = I TGV

LT1°/09< q90pt AN
€2°/09<
280°/08=6T OTp9 AoN
i
TT°/08=6T €25 AoN
!
U
1€00°/08=61 g0 suy e
N -
LT000°/08=6T  q1Z,6 30V
01°/09<
0%°/08-61 BTlp?2 TOL.
Vod AZR 0.61
oWl
Ivd J013avd



5z °*29(@ UO SINDO0 9dUBqINISTP
9fjeudewmoed joyaq pue ejelepou Y
equiy 38omM puokeq sfep ¢ ‘esoydsywoy
A OTQTSTAUT UO ST LLOTT UOTIed OATIdV

*goaer=-qns
snoJawnu Y3 FA OAT3IO® ueaq sey $801T 1€°/09<
- uoydax yInoyjzre ‘sexery e1qelIns oN (weqoad v) 9°0 810°/08=61 ,LO0pYZ 6

*4Z=gZ °*AON UPOM3Bq B8INID0 Axepunoq
103998 TeFjuenbess ¥y e¢ssaafoad ug
8T aoueqan}stp ofj3eudeuced yeea V -

*L0gO7yZT °T3 + °0TC =(X)Ve=1 | ¢ O0OTT S€OTT 9OM6ON Ul vno._”vn« (o) 2€00°/08=61 nenvn« AON

*6T=8T °AON UGOM38q SINIJ0
+T *dut j0o °geq V ..a:lmusw.nec.ﬂ

=28

; eouys ssexfoxd uy ueeq svY WIO03S
: o730udvnced oleaes L{ejelepou Y (390330 SHD) o ]
0eT =(X)Ve=-1 , I0
Aas.z.xoe.»cmo + OIII| 9O ZZT0T SEOTT ZOMYON US Q01,8
°aq ¢°¥/0LTT (X)V8=T (W) PIII | € OOTTIT SEOTIT .ZOMLON Ul o.nna..o,n (o) 12000°/08=61 nuoqou AON
(R'WOQ) OIII | ¥ TOTOT SEOTT TOMSON US 8TeZp8l 9
Td5 °T730ad “FoN  +pioo) -duf Suvy vod AR o6t
: w efuyd euyy
TINIRACD Y4HLO Viva aavid VivVd gioiiavd 4

(Py3u02) XIGNIdAV = ¥ TIAVY




v

egupyeTinNg w3eq teoysiydoep Jeyos woxy Aryaemiad owwd
UOTJVWIOJUT WI038 dTjoufewmosd pue *Lex=x ‘Aousnbexj; oypey °z¢ 3xodey oVn puw surjeTInd
wyeq Testsiydoen awtos eyy Aq pejueweyddns A3TATIOV JUTO5 uo upeIng ArIejIend
oy3 WOX; uexe3 UGeq oABY BIEp oJel} Oyl °AIojeioqe] s2Fshydoep ed104 JTV eyl jo
jIeug °IH puw woys °*SH Aq peprddns uesq eA¥Y seTqe3 ©A0OQqQe oy3 UT wyep o[dIF3Ied eyl

¢330 ‘sjesuo WI038 dF0udewos’ ‘sseadoad uy Apweayw i
g3ueAe oToT3Ied 03 ,,8I03NqTIIU0D, OIe]F Jofem ‘geawyl ,sseyjods, ‘(enbsnag aoau«hﬂ&namv s
gegeq auwaxodut JO ©09U9JIIND20 JUFUIEOUOD SFuULWWOD Jusurided Jo Fuyysc TojuT Jeyl0 (%)
suoTIVIND puw a¢0ﬁ X 209_wd/s930) xXnyJ unmixeuw Lex=X V=1 (¢)
cunouy fous *(ATW T°T=5°0) vIwp uoI32eTI (Z)
coxey} oy Futluedmosow sjusAe uniyoeds opwwulp eyjz noqe wyeqd (1)
$OpPNTOUT YOTYM ‘s3jaeway *01

Sjuouwo) J40Y-0

*0JWY} Oyl JI0J Xepuyl eJey} oArsueyexdmod jo entwa pue jo sjusuoduo) ‘6% 8

¢ sgoquny e3eld YaICWHOH °L

*}STP U0 SJET} JO UOTIWI0T] Q9

sgouwjaodut oJeld °¢g
*UoTIoX OATIO® U JO JFSUBIY
USTpTIow TEIJUeD JO 300336 03 X0 ‘ssedoxd uy edueqinysyp ofjeudewos’d 03 enp uorjernpom =
o(mr03s 95 = ¢ 10 W) WI038 dFjoudemosd jo jesuo jo (IN) ewy3 puw 83®p IO

(@ 30 © ‘@ ) 3ueae o2733ed Y3 TA UOFIVEI088® eduspTjuod snyd‘egery jo (Ln) ewyy pue ejeq °c

Ieq eJe,

«20=
s i S

°qp UF oNTeA wnmyxvu pue ‘(umouy ueym) uoyidiosqe ded etod oy
: .uoau..oonluno\-o.no«uua JO Jequnu U} peansevom 0a¥ AFH OT-T PU® O1< ‘0OC<¢
‘09 ¢ IV POXNTS .o==\>n:lmw|~lol.oo-\uono«au¢s JO Jequnu JO S83TUR UT POINSWeN OJI® AJH 61-0
PUB 08=6T 3¢ SexXny} Ty JexoTdx3 e°pejJodes xnys; uojzoxd jo ‘enyva mnupxes pue ‘efuex 3ISeYITH °Z
: t equomeduwyue uojoad JO 308U0 JO INOY puUe 038q  °T
¥ _ n. PR ' uuny{o)

e I ! LEL ] .ﬁoﬁvhmﬂ
XIANIddV ANV T T79Vd ¥Od SIION

E wr Mo N oy
R I R P I
OF Go G AW e e ek .

lhed et b e b o b oo e o




TABLE 2

e NUMBER OF "MAJOR" FLARES AND IMPORTANT CENTERS
OF ACTIVITY IN SOLAR CYCLE 20

"MAJOR" FLAREST "Major" Centers of Activity A
Total Total p
Number CFIZ 11* Number ARI Z10

1964 2 1 L 0
1965 8 0 8 0
1966 63 10 16 4
1967 93 G - 30 ]
1968 106 8 33 4
1969 103 17 34 7
1970 151 23 41 5
1971 60 i 4 17 1
21972 96 13 18 4
1973 74 7 18 0
f 1974 7 8 1 3

following criteria:
Short wave fade (or Sudden Ionospheric Disturbance), importance= 3.
HQ Flare, importance z 3.
10cm flux,= 500 X 10=22Zrm=2Hz"1
Type II burst
Type IV radio emission, duration >10 minutes

|
1
|
1

T A flare is considered to be "major" if it satisfied any gne of the

# The Comprehensive Flare Index (CFI) is the sum of the following

5 parameters:
SID importance (Scale 1l=3)
Ha importance (Scale 0=3)

Magnitude of ~10cm flux (characteristic of log of flux in
units of 10=22um=25z"1)

Dynamic Spectrum (Type II = 1, Continuum = 2, Type IV with
duration 7 10 minutes = 3)

Magnitude of ~ 2 HH! !Hx (characteristic of log of flux
in units of 10~4%M~“gz=')

2 S A

A See text for description of Active Region Index (ARI)
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TABLE 4
! “MAJOR" CENTERS OF ACTIVITY IN 1970
% Profile Index
Rotation Region CMP 519702 Late. Longe SAQCDEl' SﬁgIl
1556 10508 Jan. 3 N13 241 10101 3
" 10527 Jane 17 s13 50 00100 1 |
1557 ~10542 Jane. 27 520 285 22210 7 4
" 10568 Febe 10 Me 94 24110 8
" 10579 Febe 17 S13 2 12100 4
1558 10581 Feb. 19 s23 a3s 01200 3
. 10584 Febe 22 515 296 22000 4 ;
" - 10595 Febe 27 N16 237 23200 7 ;
" 10607 Mare 5 NO8 158 24102 9
" 10618 Mar. 10 S15 85 12210 6 |
‘n 10630 Mar. 15 S02 19 01100 2 i
1559 10641 Mar. 25 N16 247 33010 7 ‘i
" 10652 Apr. ‘1 NO7 162 01100 2
" 10669 Apre 9 S15 49 13321 10
" - 10675 Apr. 13 N16 3 23200 Vi
1560 10709 May 2 s13 112 11100 3
" L 10725 May 10 N5 8 13210 7
1561 10740 May 14 s10 307 14210 8
" 10743 . May 18 N16 254 03320 8
" [10750 May 28 S09 128 24200 8
1562 10781 June 14 N18 257 13201 7
" . 10789 June 17 N19 217 34310 11
" 10801 June 27 N12 01 02000 2
" 10808 July 1 N24 38 24210 9
1563 - | 10812 July 4 s11 3ss 02211 8
" - 10845 July 24 M2 94 14212 10
" 10851 July 29 NO6 21 02001 3
" | 10853 July 31 513 1 0100- 1
1564 - | 20865 Auge 9 N18 236 0421 7
" 10868 Auge 12 N20 203 0310- 4
" L10882 Auge. 20 No8 97 02100 3
1565 | 10918 Septe 5 N18 239 02312 8
" | 10922 Septe 8 N22 199 02000 2
1566 L. 10965 Octe 2 N19 243 01100 2
" 10987 Octe 16 NO7 s8 01100 2
1567 L 11002 Oct. 29 N18 253 23311 10
" 11029 Nove 14 N15 3s 24323 14
1568 | 11035 Nov. 18 NO9 343 13111 7
" [ 11073 Dece 11 NS 40 12200 s
" 11077 Dec. 14 N10 0 13200 6
1569 11084 Dece 20 N18 288 01001 2
® An evaluation of the following parameters:
Ae Number of flares ' ﬁ
Be Number of SID's *

Ce Size and complexity of spots
De Centimeter radiation
Ee Meter radiation

+ Brackets indicate returns of related active regionse.

«32=




TABLE 5

ALL PARTICLE EVENTS IN 1970 WITH INDICATION
OF THEIR PRO3ABLE SOURCE OR CAUSE

l V.
Noe. of Events Maximum Zner
-'zo with
1970 7otal PCA [ SEQMEV™ __1lo-sOMTV
Jane. 10 N T 2
5 ‘1';...#:: e o
Feb. 3 2
ot iy
Mar. 18 3 2 tion 6
o, © @0
e o o,
Apre 9 1 = 2
e,
May 11 1l 2
o0
June 17 1l 8
ee 10O
A le
July 25 1 2 S
@ A o e
oo,
Auge. 17 1l 2 2
. % ?0
Sept. 7
; :
E
{. Octe. 8
|
is Nov. 14 1 3 s
| Qe o007
| i
| e .3 1 4
@ 7%, @ o0 0@
TOTAL 152* 13 12 as

4 indicates the occurrence of PCA

® 4ncludes 2 cases of electron enhancement without observed
proton increase

1
®

o+

V' see page 5 for explanation of symbols used

of Protons (EXPL. 41

230 and/or 210 and/or
6=10MEV

1-10MEV
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TABLE 6

SUMMARY OF PARTICLE EVENTS PROBABLY ASSOCIATED WITH THE FIVE
GREATEST CENTERS OF ACTIVITY IN 1970

MéNath

Plage Date of Associated Particle Events Flare Data or Comments
umber "ARIY CMP Date MEV te Impe Long. “CFI"

10669 10 Apr. 9 Apr.7%0M30® »10 @  Apr.79723, 1n, E24 (2)
10789 11  June 17 Jun.14%17800% 730 @+@ Jun.14%1321,2b, E42 (11)

"7 June25%4B30® 19-80 O  Reglon 1 day beyond west

e R & . ke 1imb ;
10845 10 July 24 Jul.20%1sh 1410 @  Jul.20%1100,2b, ES5 (14)
: Jul.21908%30% 19-80 @+@ Jul.2190437,1n, E45 (8)
Jul.23%0%30% 1-10 @  Jul.22%1940,sb, E18 (7)
Jul.23%120 1980 @  Ju1l.2391029,1n, F13 (11)

Ju1.23d18h45n 19=80 @ Jul.2391832,1b, E09 (12)
PCA

Jul.279%7830% 1.10 @ Jul.2790717,1n, W38 (10)

Jul.28%.15® 1210 0  Jul.2891250,5n, ¥53 (3)

Jul.30%1e® 1410 0 u1.30%1243,1n, %83 (2)

Aus-l‘n”so“ 1-10 O Region 1 day beyond west
1imb :

m;.a‘os" 1=10 O Region~ 3 days beyond west
limb

11002 10 Octe 29 Oct.259061 1«10 O Oct.2490450,2n, E75 (24)

plus later subflares

0ct.27%s2 1410 O  0ct.2692150,1n, E41 (5)

oct.28%¢21®  1-10 @  Oct.2891232,2b, E21 (14)

Nov.1914B 10-80 @  Nov.1%1210, sb, w50 (4)

uov.e‘~oo" 230 1 Region is just beyond west
1imb :

llov-b"].oll »60 3 Region is ~2 days beyond
west limd

Nov.7901h 960 [  Region is~3 daye beyond
west limd

11020 14 Nove 14 Novels?1s® 510 @  Nov.15%0625,2v, v12 (28)
Nove169.072 110 @ Nov.1690042,2b, w22 (13)

Nov.17%4" 110 @+@ Nov.1692142,1n, ¥33 (6)

Nov.17%sE  1-10 @  wov.17%732,2b, W38 (7)
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FIGURE CAPTIONS

Figure 1 Flare, Calcium Plage, and Sunspot Data for Solar Cycle 20.
Figure 2 Comparison of 1=10 MEV Proton Flux (Explorer 41) with Flares,
and 3 Major Centers of Activity, Filament Disruptions, and Newly

Formed Regions as Functions of Time and Carrington Longitude
for the Year 1970. (Figure 2, January-June; Figure 3,
July=Decembers.)

; Notes for Figures 2 and 3

The upper half of the charts shows the following information:
Carrington Rotations
Dates of interplanetary sector boundary passages
Geomagnetic storms and sudden commencements

Onset or continuation of proton events confidently or probably
asgsociated with specific solar flares, ® OO0 ©

Trace of 1l=10 MEV flux, adapted from Explorer 41 data

All known PCA events

The onset of proton events, at low energies only (L)

Known electron increases (E) '
The lower half of the charts shows the principal solar events as
functions of both heliographic longitude and time. The following

pheénomena are included:

All "major" centers of activity with McMath plage numbers and
Active Region Indexe Latitude north or south is indicated by
N and S.

All flares of Ha importance 2 or 3 (written above the region line)

Comprehensive Flare Indices for all "major" flarea'(written below
the region line)

All flares considered as probably associated with the onset or
continuation of a proton enhancement (enclosed in circles)

All disappearances of filaments of above average size (black square)

A1l newly formed or resurgent regions that were above average size
(the letters N or R appear at the appropriate date and longitude
on the disk)

Parallel, diagonal lines indicate the relationship between time and
Carrington Longitude (scale at right) for east 1limdb, central
meridian, and west limb.

Dettad linee, i» cenesral, inrdicate the vassage of regions across the
invisible hemisphere

«35=
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