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APRIL 1973 - FEBRUARY 1974
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. E. C. Roelof and R. E. Gold
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I. CORONAL X-RAY STRUCTURE
ABSTRACT

Large-scale (~ 10°) emission features visible in soft X-ray photographs from the American
Science and Engineering, Inc. (AS&E) spectrographic telescope $-054 on Skylab have been
superposed on Haz Synoptic Charts [Memtosh, 1975] for Carrington Rotations 1601 through
1610. The charts identify loop arcades and loop complexes associated with strong magnetic
fields, as well as coronal holes and areas devoid of emission loops. Although not
adequate for the study of the geometry of individual features, the charts convey a global
sense of coronal structure which is often difficult to obtain from individual (disk)
images.

1. INTRODUCTION

The interest of our group at the Johns Hopkins University/Applied Physics Laboratory in the American Science
and Engineering, Inc. soft X-ray images of the solar corona began with the first association of a solar wind
stream with a coronal hole photographed on a rocket flight in 1970 [Krieger et al., 1973]. Later, the ASSE Skylab
data from the S-054 X-ray spectrographic telescope allowed us to extend the associations between coronal X-ray
structure and solar wind streams %Xﬁieger et al., 1975; Molte et al., 1976a, Mitchell et al., 1980] and to include
energetic particles from 300 keV to > 3 GeV [Gld et al., 197&, b; Roelof et al., 1975, b; Roelof, 1976]. These
studies related interplanetary observations to large-scale X-ray features, e.g., coronal holes or large complexes
of Toop-Tike structures. We decided that the next logical step was to make more detailed comparison with the
loop-1ike structures which spanned 5° or more of heliographic longitude or latitude.

We have therefore prepared an atlas of X-ray features from the $-054 Skylab data covering Carrington
Rotations 1601 - 1610 (May 29, 1973 to January 31, 1974). In order to facilitate comparison with other Skylab
data, we have mapped the X-ray features onto synoptic charts in heliographic longitude and Tatitude which overlay
the Hx Synoptic Charts of mMeTntosh [1975]. We caution the user that, since we were initially interested in coarse
(v 10°) structure, we worked from positive prints made from 70-mm negatives available from the National Space
Science Data Center. These are of sianificantly lower quality than that available from AS&E internegatives,
as we document below. Even though individual Toop Tocations and configurations cannot be considered exact,
we intend to use these X-ray synoptic charts as indicators of the general characteristics of regions of about 20°
x 20° in area. In other words, these charts can adequately identify loop arcades, loop complexes associated with
strong fields, and areas devoid of emission loops, but they are inadequate for any study of the geometry of
individual Toops. We regard their main utility to be in conveying a global sense of coronal organization which is
difficult to gain from individual (disk) images. These charts are in Appendix A.

2.  SYNOPTIC CHARTS OF X-RAY FEATURES FROM THE SOFT X-RAY PHOTOGRAPHS TAKEN BY THE SKYLAB EXPERIMENT S-054
(AMERTCAN SCIENCE AND ENGINEERING, INC.)

The basic data set was the 70-mm microfilm, (National Space Science Data Center, No. 73-027A-0513), from
which 8" x 10" glossy prints were made at two different exposures. These photographs covered Carrington Rotations
1601 - 1608, and those used are Tisted in Table 1 by numbers between 1 and 163. On rotations 1609 - 1610, the
$-054 images were partially obscured by a defective filter wheel, but usable images were provided on 8" x 10"
negatives by J. T. Nolte of AS&E. The out-of-focus image of the deformed filter wheel was clearly identifiable
and seriously affected only a portion of the image. Contact prints were made of these negatives, and those used
are Tisted by a 5-digit number in Table 1. A "montage" of the useful portions of the X-ray images from rotations
1609 and 1610 was published by Mitchell et al. [7980].

In order to use the photographs, the north and south poles of the Sun had to be located in each photograph.
The roll angle (YR ) for the time when each picture was taken was found in the "Skylab X-Ray Telescope Film Image
Catalog" provided ™Dy NSSDC with the documentation of the microfilm. Using a transparent overlay on the
photographs, the poles were easy to locate. By centering the solar disk and aligning the lines with fiducial
marks on the Teft side of the photographs, YRR located the north pole. In some photographs, fiducial marks did

not exist on the left side. In this case the marks on the right side were aligned with the result that Ypg gave
the south pole of the Sun.




From the time of the day when the picture was taken, the heliographic longitude of central meridian could be
calculated. These longitudes are listed (by photograph number) in Table 1. Stonyhurst Sun disks (transparent
overlays) for integer values of the inclination {B,) of the solar equator were laid over the photograph and the
latitudes and longitudes read directly.

For each area of the Sun during rotations 1601 - 1608, photographs were examined and those in which the
region of interest was most clearly shown were chosen. This choice generally included two or three photographs
taken before and two or three taken after the main photograph. The different photographs made it possible to view
the area of interest in the corona from many different angles. Viewing different photographs made it possible to
discern what three-dimensional loops existed and to pick out many that were not visible in the central
photograph. Only the central photographs are listed in Table 1.

TABLE 1

PRINCIPAL X-RAY PHOTOGRAPHS USED FOR CHARTS

Carrington Heliolongitude Time of Photo

Photo No. Rotation of CM (deg) (day:hr:min)
1 1601 46 149:07:06

5 1602 352 153:07:59

7 1602 263 160:01:21
11 1602 210 164:01:20
17 1602 120 170:20:41
20 1602 85 173:12:32
24 1602 32 177:13:00
28 1603 339 181:11:42
33 1603 272 186:13:16
38 1603 206 191:12:53
44 1603 128 197:18:06
46 1604 314 209:16:44
52 1604 239 216:06:47
56 1604 176 221:01:10
63 1604 77 228:13:33
73 1605 312 238:00:39
81 1605 206 246:01:12
91 1605 73 256:02:00
97 1606 ‘ 353 262:03:11
99 1606 327 264:03:20
101 1606 288 267:01:10
105 1606 235 271:01:29
106 1606 222 272:00:44
115 1606 104 281:00:32
116 1606 90 282:01:25
120 1606 37 286:01:53
125 1607 332 291:01:26
127 1607 298 293:14:06
136 1607 186 302:01:40
144 1607 81 310:02:12
149 1607 15 315:01:53
153 1608 303 320:12:14
155 1608 262 323:14:46
163 1608 164 331:01:43
050048 1609 140 360:05:23
051039 1609 96 363:13:41
051544 1609 ; 17 4:12:37
052095 1610 285 11:14:03
053275 1610 207 17:14:39
054996 1610 154 21:12:08
056362 1610 75 27:14:12
056542 1610 22 31:13:05

During rotations 1609 and 1610, the out-of-focus image of a bent filter wheel caused part of each photograph
to be obscured. For this reason, the procedure was modified slightly. Starting with the earliest chosen
photograph, loops seen on each photograph were extracted. These loops were checked with the other photographs.
The photographs were studied in the order of when they were taken.

For the entire period, the loops chosen were those in which both footpoints could be seen. When both
footpoints were apparent, they were located by dots and connected with a dashed line. If both footpoints could
not be determined accurately, the minimum observed extent of the loop was shown by a dotted Tine. This was done
so that at least an idea of the structure involved could be obtained (e.g., Rotation 1609).
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After the loops were picked out, they were traced on transparent acetate which was placed over the central
photograph. If the loops could be seen on the central photograph, they were drawn directly on the acetate. If
not, the Stonyhurst disks made it possible to find the latitudes and longitudes involved on adjacent images and
to relocate the loops on the drawing. In this manner, as many loops as possible were extracted from within 60°
of the sub-terrestrial point in the central photograph.

Using Stonyhurst disks, the footpoints of the loops were transferred from the acetate tracings to
the Ha Synoptic Charts from the Skylab Atlas by MeTntosh [ 1975]. They were marked by dots and comnected by lines
to show what Toops exist. Again, if the exact Tocations of the footpoints are in question, the loops were
indicated by dotted 1ines. Certain areas of rotations 1603, 1608, and 1609 contain no data because of gaps in the
X-ray photographs.

Many possibilities for error exist in determining the Toops. The error in locating the north and south poles
was less than 1/2 degree and was considered insignificant. The error in determining the longitude was at most
1/10 degree for rotations 1601 - 1608 and 1/2 degree for 1609 - 1610. The error from approximating By 1s Tess
than 1/2 degree for rotations 1601 - 1608, and less than one degree for 1609 - 1610. These errors are small and
random in nature. There are larger possibilities for error. Near central meridian, the error for locating
footpoints which can be seen is less than two degrees. Near the limb, however, the cosine projection effect
translates a small error in locating a loop into an error as large as five degrees in Tongitude near the 1imb,
although latitude is unaffected. Such near-Timb images were used only as a last resort due to missing data.

There are also many subjective factors in defining the X-ray structures. Four examples of configurations
which could be misinterpreted are shown in Figure 1A, and the resulting drawings in Figure 1B. The chances of
these misinterpretations were minimized by using many photographs for the same region. This enabled the
structures to be viewed from different angles, reducing the chances for error. In example (i) of Figure 1, two
small Toops, if unresolved, may be drawn as a single larger Toop. On the other hand, a long loop {example ii)
whose top is not visible in emission may be drawn as two shorter Toops. Example (iii) is a dark X-ray filament
channel which sometimes overlies a large Hu filament. Since high-lying loops are often faint, continuity could be
suggested and the full Toops drawn, or conversely, the dark gap could be discernible with the same result as
example (ii). Finally, if there are loops near high latitudes which extend over the 1imb but are not fully
i1luminated (example iv), only their lower segments may appear in the drawing.

N
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Fig. 1. (A) shows four X-ray structures likely to be misinterpreted. (B) shows the resulting drawings. In
(1) two unresolved loops were combined; in (ii) the top of a loop is unseen and is drawn as two loops;
in (i11) a dark X-ray channel is interpreted as three complete loops; in (iv) unlit parts of a loop on
the Tlimb are missed.

In addition, there will be one rather obvious situation where no loops will appear on the charts, although
they are likely to be present on the Sun. On the 64-second exposure negatives used for this study (NSSDC-73-027A-
05C/D), active region X-ray plages (which often overlie Hx plages) are strongly over—exposed: Therefore, end
points of loops leading into plages were not identifiable, nor were loops lying completely within 1arge plages.
Consequently these charts depict only large-scale loops with at least one footpoint well away from bright X-ray
plage regions.

An independent problem was that in many cases there was evolution of the 1009 structure from day-to-day. The
result of this is that specific loops have to be chosen on a given photograph, while a dqy later the structure may
appear different on another photograph. This was especially apparent for parts of rotations 1609 and 1610.
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The result of all these inherent and subjective errors is that the results must be viewed as approximate.
This fact can be easily seen if one compares drawings showing photographs 105 and 106 at central meridian as shown
in Figure 2. The difference in central meridian is 12.8°. There are many similarities, but also many
differences, even though the photographs were taken only one day apart.

The photographs were fourth-generation prints. For photograph #63 and adjacent photographs, second-
generation prints were obtained from American Science and Engineering, Inc. As can be seen from Figure 3, which
compares the drawing made from (A) NSSDC 70-mm microfilm #63 with the drawing made from (B) AS&E 8" x 10" second-
generation negatives, the loop structure seen is more complex in the higher quality prints than in those used to
make these charts. However, the large scale structure is similar, and this was our main objective.

N

(B) 3

Fig. 2. Drawings of photograph 105, in (A), and 106, in {B), are compared. They have central meridians of
L=235.3° and L=222.5° respectively. Though taken only one day apart, the interpretations are different.

(A} S (8) S

Fig. 3. Drawings of X-ray structures made from NSSDC 70-mm microfilm #63, (A), and an 8" x 10" second-generation

negatjvg]of the same region, (B), show that although (A) shows fewer details, the large scale patterns
are similar.




The X-ray structures, as drawn on a rectangular heliographic latitude and Tongitude grid, are printed in
color and overlaid on the Hz Synoptic Charts. When both Toop footpoints were apparent, they were Tocated by dots
and connected with a dashed line. If both footpoints could not be determined accurately, the minimum observed
extent of the Toop was shown by a dotted line (as on rotation 1609).

The image resolution on rotation 1610 was also low, but for clarity, the Toop connections are shgwn‘simp1y as
dashed Tines. The strongly over-exposed images of X-ray plages (where no loops can be resolved) are indicated by
regions diagonally striped in color. The regions stippled in color are the coronal holes CH 1 through CH 6, taken
from Nolte et al., [1976b]. Boundaries for coronal holes not covered by that publication were taken from Bohlin
and Rubenstein, [1975], Areas not covered by either publication show no boundafy data. The bounqary of one
particularly extensive hole, extending from the south pole up past the equator in the ea;tern hem1sphere on rgta-
tion 1610 was estimated by Mitchell et al. [1980] from the same soft X-ray photographs listed in Table 1 and is
shown on the chart,

Al1-in-all, we believe that if the Synoptic Charts of X-ray features are regarded as what the eye perceives
in the X-ray photographs (and therefore as indicative only of the approximate location and nature of the agtua1
emission featureés), they will be useful as a representation of large-scale coronal structures. The synoptic
charts should be considered as preliminary, but sufficiently accurate for use as they stand, within the guidelines
set down in the Introduction. MNote added in Proof: Final cross-checking of the printed charts revea]eq two
regions of systematic misalignment, aside from isolated minor plotting errors (the great majority of which were
Tess than 2° in position). On rotation 1605, all footpoints west of 310° should be shifted 2 toward the_east.
and on rotation 1608, all footpoints between 120° and 350° should be shifted 2° to the west. These misalignments
are noted on the two charts.
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II. SOLAR FLARE ACTIVITY
ABSTRACT

Charts of time versus longitude for each of Carrington Rotations 1600 - 1611 depict:

1) Hﬁ importance, brightness, and location of confirmed flares; 2) peak flare X-ray flux
1-8 A; 3) peak flare decimetric radio intensity; and 4) flux of 1.8 - 4.5 MeV protons
plotted at their high coronal emission longitude estimated from simultaneously measured
solar wind velocity.

1. INTRODUCTION

These Solar Activity Charts are a compilation for the Skylab period of selected indices of optical solar
flares, radio bursts, soft X-rays, and energetic particles in a concise form. The charts were initially designed
to complement studies of the coronal and interplanetary distribution of energetic solar particle populations,
although their compact representation of spatial and temporal relationships has been of assistance in a wide 3
variety of solar-terrestrial studies. The charts show the Hu importance and brightness of confirmed flares, the o
1-8 A peak X-ray flux and a spectral average of decimetric radio emissions related to the optical flares. Full ’
disk coverage extends from April 13, 1973 through February 24, 1974. See Appendix B.

The energetic particle fluxes are represented on the charts as a continuous swath centered on the estimated
high coronal connection Tongitude of the large scale interplanetary field line from Earth. The width of the swath
is proportional to the logarithm of the ~ 3 MeV proton flux measured at Earth. The charts are organized in
heliographic Tongitude versus time so it is easy to follow the development of an active region throughout its disk
passage on a given solar rotation as well as its recurrences over several rotations, since all the activity from a
given region falls on a straight vertical line. Conversely, all the flares and related radio and X-ray bursts on
the disk at a given time are distributed along a horizontal Tine. The charts also indicate directly the distance
between an active region and the Tongitude where energetic protons (associated with activity in that region) were
injected onto the interplanetary field lines leading to the Earth.

2. PROCEDURE FOR DRAWING SOLAR ACTIVITY CHARTS

On the Solar Activity Charts for Carrington Rotations 1600 - 1611, time is measured on the vertical axis and
heliographic longitude on the horizontal axis. Time progresses upward and is measured in day of year on the left
and day of month on the right. Thus the locus of each 1imb progresses from lower right to upper left. The format
follows that introduced by ®wid et al. [1974].




The data on the activity charts are accurate to approximately one degree and to two hours. The confirmed
visible flares, their X-ray data and their radio data were all found in Solar-Geophysical Duta (Comprehensive
Reports). The importance of the flares is shown by the size of the circle. Bright flares are solid, while
normal and faint ones are open. The flares shown range in importance from importance (-) to importance 3. If
more than one flare occurred in the same active region within a two-hour interval, only the flare of highest
importance was plotted.

The number of the McMath Plage Region (MPR) containing the activity is indicated along the bottom of the chart,
with northern and southern latitude regions 1isted on two separate lines. Where more than one MPR occupies the
same longitude each additional region is coded with a different non-circular symbol.

The radio burst peak intensities are indicated by diagonal dashes emanating from each flare symbol. The
radio data considered were those from the essentially identical instruments at Sagamore Hi11 (Massachusetts),
Manila, the Canary Islands, and Athens. The freauencies used were 1415, 2695, 4995, and 8800 MHz. If the radio
data peaked within 10 minutes of the flare's th peak, they were considered. The radio flux shown on the activity
charts is the average over the Egug frequencies of the highest flux observed among the four observations at each
frequency. The flux is in W/10°“m“Hz.

The 1-8 R X-ray fluxes were measured by the Solrad 9 or Solrad 10 spacecraft and reported in Solar-
Seophysical Data. The peak fluxes are indicated by horizontal or vertical dashes emanating from the flare
symbol. They are asgociated with a given flare if the peak in Hz and X-ray occurs within five minutes. Flux
units are ergs/10%cm~s, The three X-ray levels on the charts correspond to Boulder classifications M1-M4, M5-X4,
and >X5.

The connection longitude of the 1.8-4.5 MeV omnidirectional proton flux is shown on the activity charts. The
flux was measured by the JHU/APL energetic particle experiments on the IMP-7 and 8 spacecraft and is indicated at
the estimated high coronal "connection longitude". The connection longitude is the estimated source longitude of
the interplanetary plasma and "frozen in“ interplanetary magnetic field, estimated using observed (1 hr. avg.)
solar wind velocities provided by the National Space Science Data Center from the MIT and LASL plasma instruments
on the same spacecraft [Nolte and Roelof, 1978]. The flux of the ~ 3 MeV protons is indicated by thg width of the
bar centered on the commection longitude path. It is measured to the nearest decade in particles/cmés sr MeV.

ACKNOWLEDGMENTS

We are grateful to J. Leighton and E. Heidgerd of the University of New Hampshire for their assistance in
preparing early versions of these charts. The charts, developed into their present form, constituted part of a
senfor thesis presented by J.M.H. to the Department of Physics and Engineering of Loyola College (Baltimore).
Support for this work was provided by the NASA under Grant NSG-7055 and Air Force Geophysics Laboratory under Task
ZF10 via Navy Contract NOO024-78-C-5384.

REFERENCES
BOHLIN, J. D. and 1975 “Synoptic Maps gf Solar Coronal Hole Boundaries Derived
D. M. RUBENSTEIN from He I 304 & Spectroheliograms from the Manned Sky-

Tab Mission," Report UAG-51, (World Data Center A for
Solar-Terrestrial Physics, Boulder, Colorado, 80303).

GOLD, R.E., 1974
J.T. NOLTE,

E.C. ROELOF, and

R. REINHARD

"The Influence of Coronal Magnetic Structure on Low-
Energy Solar Proton Events," Space Research XIV, 477-484.

GOLD, R. E., 1975a "Relation of Large-Scale Coronal X-ray Structure and

E. C. ROELOF, Cosmic Rays: 5. Solar Wind and Coronal Influence en a
J. T. NOLTE, and Forbush Decrease Lasting One Solar Rotation," Proc. 14th
A. S. KRIEGER International Cosmic Ray Conference (Munich), 3, 1095-

1100.

GOLD, R. E., 1975b "Relation of Large-scale Coronal X-ray Structure and
S. M. KRIMIGIS, Cosmic Rays: 3. Low-intensity Solar Particle Events with
E. C. ROELOF, Enhanced ~ 3 MeV Helium and Medium Fluxes Associated with
A. S. KRIEGER, and Solar Wind Streams," Proc. 14th International Cosmic Ray
J. T. NOLTE Conference (Munich), 5, 1710-1715.
ERIEGE$iM8%H$.’ d 1973 ;A Coronal Hole and its Identification as the Source of a

. F. , an igh Velocity Solar Wind Stream," Solar Phys., 29, -
E. C. ROELOF 525. Y osar THe % 509
KRIEGER, A. S., 1975 "Relation of Large-scale Coronal X-ray Structure and Cos- o
J. T. NOLTE, mic Rays: 1. Sources of Solar Wind Streams and Ho Absorp-
P. S. MCINTOSH, tion features," Proc. 14th International Cosmic Ray
A. J. LAZARUS, Conference (Munich), 5, 1698-1703. :
J. D. SULLIVAN, :
R. E. GOLD, and .
E. C. ROELOF .

6 .




MCINTOSH, P. S.

MITCHELL, D. G.,
E. C. ROELOF, and
d. H. WOLFE

NOLTE, J.T. and
E.C. ROELOF

NOLTE, J. T.,
A. S. KRIEGER,
A. F. TIMOTHY,
R. E. GOLD,

E. C. ROELOF,

G. VAIANA,

A. J. LAZARUS,

d. D. SULLIVAN, and
P. S. MCINTOSH

NOLTE, J. T.,
A. S. KRIEGER,
A. F. TIMOTHY,
G. S. VAIANA, and
M. V. ZOMBECK

ROELOF, E. C.

ROELOF, E. C.,

R. E. GOLD,

S. M. KRIMIGIS,

. KRIEGER,

. NOLTE,

. MCINTOSH,

. LAZARUS, and
. SULLIVAN

.S
. T
.S
d
D

.

[ v S

ROELOF, E. C.,
R. E. GOLD,

A. S. KRIEGER,
d. T. NOLTE, and
D. VENKATESAN

1975

1980

1973

1976a

1976b

1976

1975a

1975b

"H-alpha Synoptic Charts of Solar Activity for the Period
of Skylab Observations May 1973 - March 1974, Report UAG-
40, (World Data Center A for Solar-Terrestrial Physics,
Boulder, Colorado, 80303).

"Latitude Dependence of Solar Wind Velocity Observed 2 1
AU," J. Geophys. Res., 85, (in press).

"Large-Scale Structure of the Interplanetary Medium,"
Solar Phys., 33, 241-257.

"Coronal Holes as Sources of Solar Wind," Solar Phys.,
46, 303-332.

"An Atlas of Coronal Hole Boundary Positions, May 28 to
November 21, 1973," Solar Phys., 46, 291-301. .

"Solar Particle Emission," in Physics of Solar Planetary
Environments, Proc. of the Intermational Symposium on
Solar-Terrestrial Physics (Boulder), D. J. Williams, Ed.
(American Geophysical Union, Washington, D. C.), 1, 214-
231.

"Relation of Large-scale Coronal X-ray Structure and
Cosmic Rays: 2. Coronal Control of Interplanetary In-
Jection of 300 keV Solar Protons," Proe. 14th Interng-
tional Cosmic Ray Conference (Munich), 5, 1704-1709.

“Relation of Large-Scale Coronal X-ray Structure and Cos-
mic Rays: 4. Amplitude of the Diurnal Variation in Neu-
tron Monitors on Interplanetary Field Lines Originating
Above Coronal Holes," Proe. 14th International Cosmic Ray
Conference (Munich), 4, 1138-1143.







APPENDIX A

Ho Synoptic Charts, Rotations 1601-1610

s







DOY

J

2_

I 3.

302.9

Ha SYNOPTIC CHART
1973 - ROTATION
20 21 26 25 A4 23 2 2 2

9 18

.

160l
16

L)

14 13,12 1l

LI,

{4 3

v v
154 153 152

JUNE, 1973

P11 7

150 U9 148 147

“us o us

LUbk 3

L2 Ul o

179 138

Y137

136

v
135

"134 133

L L
132

1321 |

v
125

MAY, 1973

Y124 123

/ |+

£

oA,

330

11

DOY

70N

08




T e e 5




Jo 29 28 21 X 25 2 23 2 2

181 '160 ' 179 T 178 ' 177 " 1% ' 175" 17% ° 173
JUNE, 1973

172

20

in

Ha SYNOPTIC CHART
1973 - ROTATION 1602

19 . 18 17 16 15 14 13 12 1l

9 9

I

_.

BT BT RS IRETTRSTE

170 ° 169 " 168 " 167 ' 166 ' 165 ' 164 ' 163

162

4

v

161 " 160

159

152
MAY,1973

330 0 30 60 90

13

120

180 210

40

210 300 3%

4/30/74

360 30



T e e 5




;% 7 2% 25 M 23 2 2
4—0—}—0—0—F—O—I—+—0—F

Ha SYNOPTIC CHART
1973-ROTATION 1603

208 ' 207 206 205 204 203 202 201 2200
1973

JULY,

L6 15 M 0.9 30 29 2 7
m 197 1% 195 'm' ' 193 : 192_'_"_'_"3"—'3"_'_'191 m m ST RS RS UIAST
JUNE, 1973

_ Ropid Evolution

p

-..

Smea om,
7
| ]

2

/
2
Lt

/

s
f
]

U

$10

330

15

$/710/74
I T R

108

360

30




T e e 5




Ha SYNOPTIC CHART
1973 -ROTATION 1604

| 23RN NN NN WIS N IS RN NI 87 65 4 S 2 2N KB

DoY 235 T2 293 22 2l 20 29 e T2 e s Tz 2 22 20 Tas T ast ar ;e ;s ek o 212 © 211 210 209 208 @ 207 & 206 205 | oy

AUGUST, 1973 JULY, 1973

T

i | | \ A W R N T SR W M N S T N NN N NN TR AN U N RN
330 0 30 60 90 _’ 120 150 180 210 240 210 300 330 360 30

1 | | l |

17




T e e 5




20 19 18 [T 16 15 14 13 12

Ha SYNOPTIC CHART
1973 - ROTATION 1605
8 7 .6 5.4 3, 2,

31,30 29 28 27, 26 25,624 23, 22, 2 20

SEPTEMBER, 1973

AUGUST, 1973

ST0

Note: All loop foot-points west of 310° should be shifted 2° eastward,

Last Revision 9/10/77 PSM
l I [~ | | |

19

120

150 180 210 240 210 300

330 360

-

30

1095



T e e 5




SYNOPTIC CHART
1606

1973 - ROTATION

Ha

DOY

260

261
SEPTEMBER, 1973

264 263 ° 262

29 20 27 26 25 M 22 22 2 20 /9 /8 /7
26 = 265

272" 271 T 270 T 269 © 268 267

/ 30
2% 213

2
275

1S 14 3 /2. I 10
290 289 & 288 & 287 K286 '285 & 284 & 283

/4]
OCTOBER

1973

10/22/74

180

120

30

360

330

300

210

240

210

150

- 60

DOY |

330

21




T e e 5




Ha SYNOPTIC CHART

1973 ~ROTATION 1607
I 31 30 29,28 21 2625 24 23 2 2 2 19 N

7 & 5 ¢ J 2
3117 310 " 309 " 308 307 "308 "305 304 303 302 301 300 299 298 297 296 295 294 293 292 291

13 ./12. .1, 00 9 ¢

230 289 288 287

NOVEMBER, 1973 OCTOBER, 1973

3 8L EE I

(7

330

180 20 40 210

23




T e e 5




A0

60
30

Ha

1973 - ROTATION

SYNOPTIC CHART

1608

40

/v 0.9 4.7 6 5.4 .3 2.,/, 3.2 Zl“’/_‘l_ﬂ' 25, 29 .27, 22 2 L2 . /9 /I.//.LIIJJ,II./J 2. 1 N
porl 345 344 343 "342 © 31 M0 339 338 337 336 335 3% 333 332 331 330 3 28 V327 ¥ 326 w5 Ve Vs T3z tm Vot ms tas var Tms '315'314lm
DECEMBER 1973 NOVEMBER 1973

TN
60
¥ 50
‘ 440

b ;A,
30

20

Note: All loop foot-points 120°—350" should be shifted 2° westward,

| | | | I l | I

N R N A R

10/15/74

25

150

|
180

L l |
210 240 210

360 30



T e e 5




Ha SYNOPTIC CHART
1973,1974 - ROTATION 1609

4;3.2.l:3l;30._2.9_:20t27*26"25 M 23 2

364 365 362 361 360 359 358 357 3% 355

4
e

DOY | 007

6

J

006 005 004 003 002 001 305
JANUARY, 1974

s

A
A J

21 .19 10 17 16 IS5 14 13 12 I

$10

TN W AN W (N TN (NN NN (NN NN SUN (NN NN MO SN N NN (N N N

10/16/74
A

1 | |
330 0 30 60 90 120 10 180 210 240 210 300 330

27

360




T e e 5




Doy

J 2 1 3

" om% 03 o3 o3 0% 029
FEBRUARY, 1974

028 027

026 025

Ha SYNOPTIC CHART

0. 29 28 o 26 & M 2 22_.2/120./.9_'/3

1974 - ROTATION 1610
‘17,16' I’.N,Ullz.ll_/oi.,lll7i6"5,4
022 021 020 019 ©018 017 = 016 Ol5 Ol 013 012 Ol1 010 009 008 007 006 005 'ooz.

024 023

DOY
JANUARY, 1974

Note: Dashed lines represent connections with same resolution as dotted connections on Rotation 1609
WEAK AND VARIABLE PATTERNS o e e 10/20/74
Lo [ ' N I [ [
0 30 60 80 120 150 180 210 240 210 300 3% 360 30
29




T e e 5




APPENDIX B
Solar Activity Charts, Rotations 1600-1611

31




epnubuo oiydesboijay

09€¢ oge 00€g 0Lz ovz (14 08t 08t ozt 06 09 og 09¢ oee
L T 1 T 1 T 1 1 T— 1 | T T 1
i I | [ | | [ I | | ! | i 06
B £ZEZL zeczl 9eez) winos _|
Leeet zeeet YlIoN
—{ g6
- 00L
= -
a .
< —1 50l
—] 0LL
—d 5Lt
B £ diNY JuawIRdX3 1dY/NHP -]
B A3 G'p—8'L SU0I0id .
oe — (ABW 1S § ,Wwo) XNy} o7 -1 0T
|- z j
" &=
s sajoijsed onabisul szl
- 00s< X 22000064 @ NeO
3 o). 00500z< S 666'v-005-0- 82 @ NZ O .
3 | 00205 o 66001 0- gl © Nl ©
= g— e 4—'N- °
- oipey Aey-X eseld °H
Gl f— el
P N YN N TR TR NN AN N N A I N N SR T MO T N N N S |
(3 09€ oge 00¢ oLz ovz oLz 08l ost ozt 06 oge

0091 NOLLV.LOY — €/61
LHVHO ALIAILOV HV10S

Day of Yeer

32



April

May

June

13

ol

St

oz

14

0og

— 005002< &  666'7°00S0- 42 @ NZ O
™ oozos p 666001 o~ gl ® NL o
B g— o 4—'N— ©
N opey Aey-x euely ©H
ol - -
RN T NN SN N N N A | A R SN (N SN Y NN VAN NSO NUUNN NN SO NN MNNN SN NN N N l l !
og 09¢ 0ge oog [s744 ove 1134 08t 0sl 074 06 08 0¢ 09¢

epnubuo siydesboljay

|- (A3 IS § ud) xniy BoTy

¥~ ge- g=

sajofyed onjabiauy

098 oge 00g oLz ove oLz 081 ost ozl 06 09 o 09e oge
T T _ 1 ] _ 1 I _ T 1 ~ 1 | _ } 1 _ i 4 _ T I _ H 1 _ T I _ 1 i _ _ _ I
me_ 9geel 8621 6YETL 18521 yinos _|
e / Z8eTl YLION .s
/0// ~Jdozt
[ v%?m i
” > / ]
- o po
W —sz1
L ° -
w/ el —
— o~ o o
L / o _
~] 0g1
|- o / -
- I i —5el
- b -
- m_ -
= / il / -
L NN —dovl
- o
o (-]
L /9/ & %
L £ dW1 3uswLadX3 1dV/NHP /9/ F |
= ASWN §'p—8'| Su0I0Ig X

[ 00s< X 12001900069~ gt @

ne O

osl

L09L NOLLV.LOY — €/61
LHVHO ALIAILOV HVI0S

oee

Day of Year

33



May

June

July

opmyBuo owydeibolay

09¢ oee 00€ 0.2 ove otz 08l 051 ozt 06 09 0g 0%€ 0€g
T ] N I R I B B B T T | T [ v 7 T ] 1 1 I ] T
zgeet L6ETL zoveL wnos_ fo

se szezl 6LETL L8g2L yuoN
oe — 081
¥ -1 651

n o) .

- ° -
6 / —a 091

L N -
vl b— o o. / —] 691

ons o o o o =

- 1 o el

B - ° i
61—

- £ diN] Juewnadx3 Tdv/NHT

- ABW G'p—8'L suolod
9T o |~ (AW IS § Zu) XNy 6o
6C — sajonJed onabiaug

- 005< X( 118219-000'69~  g¢ @ ne O

~ 00500z< & 666'V005O- 92 @ NZ O
v b 00C0s e 6600l - gL @ NL ©

b g~ e 44— ‘ZI o

- olpey Aey-X eield P H

b I I TR R N B Lo
0g 09€¢ oge 00g 0Lz ove [1]¥4 08l 0S1 ozt 06 09 og 09¢ oee

2091 NOILV.LOY — €£61
1HVHI ALIALLOV HV10S

Day of Year

34



June

July

August

apnybuo oydesboljal

0g 09¢ 0te 00¢g 0Lz 8174 oLe 08l 051 ozi 06 09 og 09¢ oge
] T ] T ] T ] T 1 ] LA B T T T ] T ] T 7] ] T
zvel wnog 7]
- Livel Levzl j:7A yuoN
vz / - -y
6¢ —d 081
A 4 -
- ] / n
o
2 / ° -8l
H @ / :
o =
o Q
- Oo @ % -

6 |— \o\v_. ™. —{ 061
plLp— —i G61L
- Yy, -

- ./.J&mw A
- o -

6L f— L dW1 3UBWLIBEXT TdY/NHT
» ABW §'p—~8'L suojoug
= - (NS 1S S ;wo) xnyy Bo
B Y= gE— o
YT ¢
o sa|on.ed ansbiauy
o — 005< X( 121021900054 ge @  ne O
- 00500C< O 666’0050 42 @ NZ O
B 00C05 p 667-00L o~ gl e NL ©
i §— o 4—'N— o
[ S
_ olpey Aey-x aleld O
U I T T NN TR S ST TN SN NN SO S NN A S N N T T T T ] | N | | !
og 09¢ oge 00¢ 0Lz ove oLz 081 0st ozl 06 09 og 09 oge

€091 NOILVLOH — €461
JTHYEDY ATIATINDY W10

Day of Year

35



July

August

o¢

epmibuor diydesboljel
0iz 08t 061

6l

vz

ogvzi 19Tl

(Y2243

T 1 T 1 1 r 1 &1
(4424}
[ 7AZAS

¢ diN| Juswipadx3 TdV/NHT
AW G'p—8'L suoold
| (A3 15 § gwo) xnyy 503

QE,J seg

-1 00C

—160C

b 11114

b K114

—q 022

b E144

8l oge
n ¥~ 5¢— g
™ sojorted opabieug
£ - 2174
N 005< X 101€219:000'64- g€ @ Ne O
—  006-00c< &  666'v-005-0- 92 @ N O
B 00205 p 66%00L o~ €l ® NL © .
- Wy
§— ¢ 4—'N— © .57
8¢ - M / e ove
B oipey Aey-x eseld PH i
A D U T N O SN N N S T IR TS TN S TN AN W S NS ] ] | ' ] I
¢ 09¢ 2154 00t 02 [¢:74 4174 o8l 08t ocL 06 09 319 09¢ oge

091 NOILVLOY — €L61
1HVHO ALIALLOV HY10S

Day of Year

36



August

September

8

¢l

JAY

Le

epnyibuo oiydesbolja

ot 09¢ 0ge 00€ 124 ovZ oLz 08t 051 0zl 06 09 o¢ 09 0ge
T T T T T T T 1T 1 i ¢ [ T v [ 7 1717 17 17 17 1T 177 | v T T T 7T ] T sze
B sevzi Level Liszi v0SZ1 ziget £15z1 woog |
L0gzL L0zl olszi 0zszL 7 YUION
B / zzszt
t -~ 0ez
.
—orZ
— et
] / —d
o L4

£ dW1 JuBWHadX3 TdY/NHT
AW G'p—8| suolold

— |- (NS IS § fud) xnjy 6oy

B ¥= ge— g~

- s3|o1nled opabiaugy

_ 005< X mea19-0006¢ e @  ne O

- 00500C< & 666'v00S0- 92 @ NZ O

— 00205 p 665-00L - gl NL ©

N g— ¢ 4—'N— ©

B olpey hey-x a1l °H

T T T I | [ I N

og 09¢ o155 00g 0Le ove [11%4 08t 0st 0ctL 06 09

09l NOILVLOY — €£61
JHVHO ALIAILOV HVI0S

Day of Year

37



September

October

epmybuo oiydesboyjay

og 09g oge 0ot 0Le ove ole 08l 6= ozl 06 08 0¢
__~._______.~._._____.._____,____________

/ zzsel oggel  vESTL ovszL TR/ ynos |
ge52L £v6zi-O LN o

A3

—d 092

L

T~ —4 692

o ™~~~ _
4] —t
R -
:‘ L] o
— oz
B O o ) v -
- . / ]
= ° -
o © ° v
i N\ . 4 ]
z - N - — s
| =l v .
- = o d -
i N 0% -
| /// X @d 05\: ]
a s
= ~ M — o8z
- £ dWi wawadx3 Tdv/NHT T -
I~ AW G'y—g'| Su0I0Ig
o \~ (A3 ug § Fwa) xnyy By S
AN o
- sajonied msbiaug /
- 005< X 101€219-0005¢ ae @  ne QO
~  005-00Z< &  666V-005° 9C @ NZ O
B 00205 p 66V00L 0~ gL e Nl ©
N g~ o 4= 'N— °
zzb—
L oipey Aey-x ateld *H
AT I T U WO TN M A WO TR (N S S AN N SO B TR W W TR SN NN SN N R
0g 09 oge 00 24 ovz oLz o8t 05t ozl 06

9091 NOILVLOH — €61
1HVHO ALIAILOV HVY10S

Day of Year
38



October

November

epnubuor dsydesbolon
oLz 08l 051

o€ 09€g oge

i

St

%4

T T [ 1 T 71 T 1
O-¥gszL  885¢I-Y

L dWi 3uawiiiadx3 Tdv/NHP

AN G'y—8'| suOl0ld

-t 082

. - {ABIN IS S L) Xy 6o
~ T
= sajonnsed onabiauy
B 005< X 103221900054~ ge @  Ne O
- 009002< & 66670050~ €7 @ NZ O
[ 00205 p 66V-00L - gl ® NL ©
N g~ ¢ 4='N— ©
B oipey Aey-x ssel *H
TR N NS SN NN U SRR NN AU NN A
o 09g oce 00e [¢124 ove olz 08l 0st ozl 06 09

L091 NOILV1OY — €£61
1HVHO ALIAILOVY WV10S

Day of Year

39



November

December

spniBuo oiydesboljoy
og 09€ oge 00€ 0Lz ove oiz o8t 05t ozt 06 09 og 09g oge
L L L L L L L L N e L e LA LN U N L S (N A N BN B B T
B 81ozL vzozL 8z9z! wnog

-t OLE

— 8iE

oze

see

oee

gee

£ dW1 ewiuadxd 1dy/NHI
| ASW §'p=8°| SU0IO4d
(A2 1S S Zwo) xniy 607

- -

Day of Year
40

g ove
- sajonJed onabisuy
Y - 005< X{ 121821900054 ge @ ne O .
- 00500Z< &  666'v005°- 97 @ NZ O
00Z0S o 66v-00L o~ @i © NL ©
g— o J='N— °
91 08¢
= oipey Asy-x eigly °H
T T T (A N U N W A MO SN N N B B
09¢ oee 00¢e 0724 ove oLz 08l 081 oge

8091 NOILVLOH — ££6l
SLHVHO ALIALLOV HV10S



epmibuor d1ydesboljay

oLz 08L o0st ozt 06 08 og 09 oee
| 1 1 T  — T 1 1
W | ] | ] | ] ] | e
| 899¢Z1 $99Z1 wnos |
u 2992157 ¥89zL wioN
—love
— GYE
B —
]
£ -
m —1 osg
o
@ —f
D —
—{ s5¢
I~ —1 o09¢
9, -
/u&m,w/ .
- £ dW1 wuawiladx s 1 dy/NHI
L& — AW G'y—8'L suojold S9¢
- \— (AW 5 8 Swo) xnis 6oy
B V= ge— g~
G G00
= sajon.ed onabisug
> [ .
§ 005< X 121e219-000'60~ g€ @ ne O
- ~  00s00z< & 666’7000 97 @ NZ O o
oL b~
2 %™ oozos 66v-00L - gl ® NL ©
- g— o 4—'N— ©°
n olpey Aey-x sJejd 7H /
G - 510
____________________________.___________,

oe 0se oge 00g 0Le ove oLe 08l st ozt 06 08 oe 09¢ 0ge

6091 NOILVLOH — €£61
JHVHO ALIAILOY UVI10S

Day of Year
41



January

February

oL

Gl

114

§¢

oe

2 34nNoid

epmibuo oiydesbolay

0ge oge 00e oLz [+174 olz o8l 051 ozt 06 09 og folel ose
U U | U L B | | | ] I I R
B 98921 zoLzl

LigT! 8lETL I RorAl oLzl ]

£0/21=0 ]

§ZELL=V —{ g9e

» 80/z1=0 B
yLE2L=Q

— / 9zezl=8 -

/ Tes

{010

o® » -

0 © ]

— 510

—j0z0

£ dW1 3uawiiadx3 1dy/AHP
AB G'p—8'L su0l0id
_{ABW iS S wod) xnyy Boy

L

005< X{ 1218219-000'G-9~ g€ @

sajon.ed onabisuy

Ne O

- 005-002< &  666'v005-0- 97 @ NZ O
B 00Z05 o 6600l - g1 @ NL ©
- g— ¢ d4—'N— °
N oipey Aey-x eeld PH A N
C ' ] . | R T N S | | i ] { |
09¢ oge 0oe 0Lz ove ote 081 061 ocl 06 09 (o2 09¢ oge

0L9L NOILV.LOY — ¥/BL-EL6L
S1HVHO ALIAILOVY HVY10S

Day of Year

42



January

February

March

epmibuor oydesboyjay

0¢ 09 oge 00 oLz ove oLz 08t 051 ozl 06 09 o€ 09g oge
T T T T 1 T T T 1 | — T
. _ “ _ _ _ I I _ _ I I _ Jezo
£zLTL 6vLTL Zhizl zsLzL yinosg

- Lzl yuoN 7

o —og0
- ol // -

v —5€0

6 fomm o0 — ovo
- ) / .

(28 = i 590
- ) -
b o —

6l f— —1 050

9,

e 7 &.wmw o
L £ dW| 3uBWLIadX3 TdY/NHF -

2 b AW §'p—8'| 5U0I0Ig — 650
B (— (AW IS S Zwd) xnyy 607 T~

[ . 090
L sa|o13ied snabiaug
B 00s< X 1o1e019-00069 ac @  ne O

oL 00600c< &  666'v0050- 97 @ NZ O 450
» 00¢0G o 66001 0~ di @ NL ©
- g— o 4—'N— ©°
u oipey Aey-X oleld PH

1 0L0

R | I N N B T | T | I | L+ 1
09¢ oge 00£ 0Lz orz 01z o8t 051 o0zl 06

119l NOILLVLiOY — vi6

1HYHD ALIAILOVY HV10S

Day of Year

43






UAG SERIES OF REPORTS

Between 6 and 12 UAG Reports are published at irregular intervals each year. Subscriptions may be ordered through the
National Geophysical and Solar-Terrestrial Data Center, Environmental Data and Information Service, NOAA, Boulder, CO
80303, USA. The annual subscription price is $25.20 ($17.30 additional for foreign mailing). Each year the single copy
prices total less than $25.20, the expiration data for all subscriptions will be extended. Back issues may be purchased at
the prices shown below plus a $3.00 handling charge per order; some reports, though, are available only on microfiche.
Orders must include check or money order payable in U.S. currency to the Department of Commerce, NOAA/NGSDC.

UAG-1 "IQSY Night Airglow Data," by L.L. Smith, F.E. Roach, and J.M. McKennan, ESSA Aeronomy Laboratory, Boulder,
€0, July 1968, 305 pp, $1.75.

UAG-2 "A Reevaluation of Solar Flares, 1964-1966," by Helen W. Dodson and E. Ruth Hedeman, McMath-Hulbert
Observatory, University of Michigan, Pontiac, MI, August 1968; 28 pp, $0.30.

UAG-3 "Observations of Jupiter's Sporadic Radio Emission in the Range 7.6-41 MHz, 6 July 1966 through 8 September
1968," by James W. Warwick and George A. Dulk, University of Colorado, Boulder, CO, October 1968, 35 pp,
$0.55.

UAG-4 “Abbreviated Calendar Record 1966-1967," by J. Virginia Lincoln, Hope I. Leighton and Dorothy K. Kropp, ESSA
now NOAA, Aeronomy and Space Data Center, Boulder, CO, January 1969, 170 pp, $1.25.

UAG-5 “Data on Solar Event of May 23, 1967 and its Geophysical Effects,” compiled by J. Virginia Lincoln, World
Data Center A, Upper Atmosphere Geophysics, ESSA now NOAA, Boulder, CO, February 1969, 120 pp, $0.65.

UAG-6 "International Geophysical Calendars 1957-1969," by A.H. Shapley and J. Virginia Lincoln, ESSA Research
Laboratories, now NOAA, Boulder, CO, March 1969, 25 pp, $0.30.

UAG-7 “Observations of the Solar Electron Corona: February 1964 - January 1968," by Richard T. Hansen, High
Altitude Observatory, NCAR, Bouider, 0, and Kamuela, HI, October 1969, 12 pp, $0.15.

UAG-8 “Data on Solar-Geophysical Activity October 24 - November 6, 1968," Parts 1 and 2, compiled by J. Virginia
Lincoln, World Data Center A, Upper Atmosphere Geophysics, ESSA now NOAA, Boulder, €O, March 1970, 312 pp,
$1.75 (includes Parts 1 and 2).

UAG-9 "Data on Cosmic Ray Event of November 18, 1968 and Associated Phenomena,” compiled by J. Virginia Lincoln,
World Data Center A, Upper Atmosphere Geophysics, ESSA now NOAA, Boulder, CO, April 1970, 109 pp, $0.55.

UAG-10 "Atlgs of lonograms," edited by A.H. Shapley, ESSA Research Laboratories now NOAA, Boulder, CO, May 1970, 243
pp, $1.50.

UAG-12  "Solar-Geophysical Activity Associated with the Major Geomagnetic Storm of March 8, 1970," Parts 1, 2 and 3,
compiled by J. Virginia Lincoln and Dale B. Bucknam, World Data Center A, Upper Atmosphere Geophys1cs, ESSA
now NOAA, Boulder, CO, April 1971, 466 pp, $3.00 (includes Parts 1-3).

UAG-13  “"Data on the Solar Proton Event of November 2, 1969 through the Geomagnetic Storm of November 8-10, 1969,"
compiled by Dale B. Bucknam and J. Virginia Lincoln, World Data Center A, Upper Atmosphere Geophysics, ESSA
now NOAA, Boulder, CO, May 1971, 76 pp, $0.90.

UAG-14  "An Experimental, Comprehensive Flare Index and Its Derivation for 'Major" Flares, 1955-1969," by Helen W.
Dodson and E. Ruth Hedeman, McMath-Hulbert Observatory, University of Michigan, Pontiac, MI, July 1971, 25
pp, $0.30.

UAG-16  "Temporal Development of the Geophysical Distribution of Auroral Absorption for 30 Substorm Events in each of
1QSY (1964-65) and TASY (1960)," by F.T. Berkey, University of Alaska, Fairbanks, AK; V.M. Driatskiy, Arctic
and Antarctic Research Institute, Leningrad, USSR; K. Henriksen, Auroral Observatory, Tromson, Norway; D.H.
Jelly, Communications Research Center, Ottawa, Canada; T.I. Shchuka, Arctic and Antarctic Research Institute,
Leningrad, USSR; A. Theander, Kiruna Geophysical Observatory, Kiruna, Sweden; and J. Yliniemi, University of
Oulu, OQulu, Finland, September 1971, 131 pp, $0.70 (microfiche only).

UAG-17  "lonospheric Drift Velocity Measurements at Jicamarca, Peru (July 1967 - March 1970)," by Ben B. Balsley,
NOAA Aeronomy Laboratory, Boulder, €0, and Ronald F. Woodman, Jicamarca Radar Observatory, Instituto
Geofisico del Peru, Lima, Peru, October 1971, 45 pp, $0.55 (microfiche only).

UAG-18  "“A Study of Polar Cap and Auroral Zone Magnetic Variations," by K. Kawasaki and S.-I. Asasofu, University of
Alaska, Fairbanks, AK, June 1972, 21 pp, $0.20.

UAG-19  “Reevaluation of Solar Flares 1967," by Helen W. Dodson and E. Ruth Hedeman, McMath-Hulbert Observatory,
University of Michigan, Pontiac, MI, and Marta Rovira de Miceli, San Miguel Observatory, Argentina, June
1972, 15 pp, $0.15.

UAG-21  “Preliminary Compilation of Data for Retrospective World Interval July 26 - August 14, 1972," by J. Virginia
Lincoln and Hope I. Leighton, World Data Center A for Solar-Terrestrial Physics, NOAA, Boulder, CO, November
1972, 128 pp, $0.70.

UAG-22  “"Auroral Electrojet Magnetic Activity Indices (AE) for 1970," by Joe Haskell Allen, National Geophysical and
Solar-Terrestrial Data Center, Boulder, CO, November 1972, 146 pp, $0.75.

UAG-23  "U.R.S.I. Handbook of Ionogram Interpretation and Reduction,” Second Edition, November 1972, edited by W.R.
Piggott, Radio and Space Research Station, Slough, UK, and K. Rawer, Arbeitsgruppe fur Physikalische
Weltraumforschung, Freiburg, GFR, November 1972, 324 pp, $1.75.

UAG-23A "U.R.S.I. Handbook of Ionogram Interpretation and Reduction," Second Edition, Revision of Chapters 1-4,
edited by W.R. Piggott, Radio and Space Research Station, Slough, UK, and K. Rawer, Arbeitsgruppe fur
Physikalische Weltraumforschung, Freiburg, GFR, November 1972, 135 pp, $2.14.

UAG-24  "Data on Solar-Geophysical Activity Associated with the Ma;gr Ground Level Cosmic Ray Events of 24 January
and 1 September 1971," Parts 1 and 2, compiled by Helen E. Coffey and J. Virginia Lincoin, World Data Center
A for Solar-Terrestrial Physics, NOAA, Boulder, CO, December 1972, 462 pp, $2.00 (1nc1udes Parts 1 and 2).

UAG-25  “"Observations of Jupiter's Sporadic Radio Emission in the Range 7.6-41 MHz, 9 September 1968 through 9
December 1971," by James W. Warwick, George A. Dulk and David G. Swann, University of Colorado, Boulder, CO,
February 1973, 35 pp, $0.35.

UAG-26  “"Data Compilation for the Magnetospherically Quiet Periods February 19-23 and November 29 - December 3,
1970," compiled by Helen E. Coffey and J. Virginia Lincoln, World Data Center A for Solar-Terrestrial
Physics, NOAA, Boulder, CO, May 1973, 129 pp, $0.70.




UAG-27

UAG-28

UAG-29

UAG-30

UAG-31

UAG-32

UAG-33

UAG-34

UAG-35

UAG-36

UAG-37

UAG-38

UAG-39

UAG-40

UAG-41

UAG-42

UAG-43

UAG-44

UAG~45

UAG-46

UAG-47

UAG-48A

UAG-49

UAG-50

UAG-51

UAG-52

UAG-53

"High Speed Streams in the Solar Wind," by D.S. Intriligator, University of Southern California, Los Angeles,
CA, June 1973, 16 pp, $0.15.

"Collected Data Reports on August 1972 Solar-Terrestrial Events," Parts 1, 2 and 3, edited by Helen E.
Coffey, World Data Center A for Solar-Terrestrial Physics, NOAA, Boulder, CO, July 1973, 932 pp, $4.50.

"Auroral Electrojet Magnetic Activity Indices AE(11) for 1968," by Joe Haskell Allen, Car] C. Abston and
Lestie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, October 1973, 148 pp,
$0.75.

"Catalogue of Data on Solar-Terrestrial Physics," prepared by NOAA Environmental Data Service, Boulder, CO,
October 1973, $1.50. Supersedes UAG-11, 15, and 20 catalogs.

"Auroral Electrojet Magnetic Activity Indices AE(11) for 1969," by Joe Haskell Allen, Carl C. Abston and
Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, February 1974, 142 pp,

.75.

"Synoptic Radio Maps of the Sun at 3.3 mm for the Years 1967-1969," by Earle B. Mayfield, Kennon P. Hhite
111, and Fred I. Shimabukuro, Aerospace Corp., El Segundo, CA, April 1974, 26 pp, $0.35.

"Auroral Electrojet Magnetic Activity Indices AE(10) for 1967," by Joe Haskell Allen, Carl C. Abston and
geslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, May 1974, 142 pp,
0.75.

"Absorption Data for the IGY/IGC and IQSY," compiled and edited by A.H. Shapley, National Geophysical and
Solar-Terrestrial Data Center, Boulder, C0; W.R. Piggott, Appleton Laboratory, Slough, UK; and K. Rawer,
Arbeitsgruppe fur Physikalische Weltraumforschung, Freiburg, GFR, June 1974, 381 pp, $2.00.

"Catalogue of Digital Geomagnetic Variation Data at World Data Center A for Solar-Terrestrial Physics,"
prepared by NOAA Environmental Data Service, Boulder, CO, July 1974, 20 pp, $0.20.

“An Atlas of Extreme Ultraviolet Flashes of Solar Flares Observed via Sudden Frequency Deviations During the
ATM-SKYLAB Missions," by R.F. Donnelly and E.L. Berger, NOAA Space Environment Laboratory; Lt. J.D. Busman,
NOAA Commissioned Corps; B. Henson, NASA Marshall Space Flight Center; T.B. Jones, University of Leicester,
UK; G.M. Lerfald, NOAA Wave Propagation Laboratory; K. Najita, University of Hawaii; W.M. Retallack, NOAA
Space Environment Laboratory and W.J. Wagner, Sacramento Peak Observatory, October 1974, 95 pp, $0.55.

“Auroral Electrojet Magnetic Activity Indices AE(10) for 1966," by Joe Haskell Allen, Carl C. Abston and
geslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, December 1974, 142 pp,
0.75.

"Master Station List for Solar-Terrestrial Physics Data at WDC-A for Solar-Terrestrial Physics," by R.W.
Buhmann, World Data Center A for Solar-Terrestrial Physics, Boulder, CO; Juan D. Roederer, University of
Denver, Denver, C0; and M.A. Shea and D.F. Smart, Air Force Cambridge Research Laboratories, Hanscom AFB, MA,
December 1974, 110 pp, $1.60.

“Auroral Electrojet Magnetic Activity Indices AE(11) for 1971," by Joe Haskell Allen, Carl W. Abston and
%eslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, February 1975, 144 pp,
2.05.

"H-Alpha Synoptic Charts of Solar Activity for the Period of Skylab Observations, May 1973 - March 1974," by
Patrick S. McIntosh, NOAA Space Environment Laboratory, Boulder, CO, February 1975, 32 pp, $0.56.

"H-Alpha Synoptic Charts of Solar Activity During the First Year of Solar Cycle 20 October 1964 - August
1965," by Patrick S. McIntosh, NOAA Space Environment Laboratory, Boulder, CO and Jerome T. Nolte, American
Science and Engineering, Inc., Cambridge, MA, March 1975, 25 pp, $0.48.

"Observations of Jupiter’s Sporadic Radio Emission in the Range 7.6-80 MHz, 10 December 1971 through 21 March
1975," by James W. Warwick, George A. Dulk and Anthony C. Riddle, University of Colorado, Boulder, CO, April
1975, 49 pp, $1.15.

"Catalog of Observation Times of Ground-Based Skylab-Coordinated Solar Observing Programs,” compiled by Helen
£. Coffey, World Data Center A for Solar-Terrestrial Physics, NOAA, Boulder, €0, May 1975, 159 pp, $3.00.

"Synoptic Maps of Solar 9.1 cm Microwave Emission from June 1962 to August 1973," by Werner Graf and Ronald
N. Bracewell, Stanford University, Stanford, CA, May 1975, 183 pp, $2.55.

“Auroral Electrojet Magnetic Activity Indices AE(11) for 1972," by Joe Haskell Allen, Carl C. Abston and
Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, May 1975, 144 pp,
$2.10 (microfiche only).

"Interplanetary Magnetic Field Data 1963-1964," by Joseph H. King, National Space Science Data Center, NASA
Goddard Space Flight Center, Greenbelt, MD, June 1975, 382 pp, $1.95.

"Auroral Electrojet Magnetic Activity Indices AE(11) for 1973," by Joe Haskell Allen, Carl C. Abston and
Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, €O, June 1975, 144 pp,
$2.10 (microfiche only).

"Synoptic Observations of the Solar Corona during Carrington Rotations 1580-1596 (11 October 1971 - 15
January 1973)," [Reissue of UAG-48 with quality images], by R.A. Howard, M.J. Koomen, D.J. Michels, R.
Tousey, C.R. Detwiler, D.E. Roberts, R.T. Seal, and J.D. Whitney, U.S. Naval Research Laboratory, Washington,
DC, and R.T. Hansen and S.F. Hansen, C.J. Garcia and E. Yasukawa, High Altitude Observatory, NCAR, Boulder,
€0, February 1976, 200 pp, $4.27.

"Catalog of Standard Geomagnetic Variation Data," prepared by NOAA Environmental Data Service, Boulder, €O,
August 1975, 125 pp, $1.85.

"High-Latitude Supplement to the URSI Handbook on Ionogram Interpretation and Rediction,” edited by W.R.
Piggott, British Antarctic Survey, c¢/o Appleton Laboratory, Stough, UK, October 1975, 294 pp, $4.00.

“Synoptic Maps of Solar Coronal Hole Boundaries Derived from He II 304A Spectroheliograms from the Manned
Skylab Missions," by J.D. Bohlin and D.M. Rubenstein, U.S. Naval Research Laboratory, Washington, DC,
November 1975, 30 pp, $0.54.

“Experimental Comprehensive Solar Flare Indices for Certain Flares, 1970-1974," by Helen W. Dodson and E.
Ruth Hedeman, McMath-Hulbert Observatory, University of Michigan Pontiac, MI, November 1975, 27 pp, $0.60.

"Description and Catalog of Ionospheric F-Region Data, Jicamarca Radio Observatory (November 1966 - April
1969}, by W.L. Clark and T.E. Van Zandt, NOAA Aeronomy Laboratory, Boulder, CO, and J.P. McClure, University
of Texas as Dallas, Dallas, TX, April 1976. 10 mn  &n. 33.




UAG-54

UAG-55

UAG-~56

UAG~57

UAG-58

UAG-59

UAG-60

UAG-61

UAG-62

UAG-63

UAG-64

UAG-65

UAG-66

UAG-67

UAG-68

UAG-69

UAG-70

UAG-71

UAG-72

UAG-73

UAG-74

UAG-75

UAG-76

UAG-77

UAG-78

“Catalog of Ionosphere Vertical Soundings Data," prepared by NOAA Environmental Data Service, Boulder, €O,
April 1976, 130 pp, $2.10.

"Equivalent Tonospheric Current Representations by a New Method, I1lustrated for 8-9 November 1969 Magnetic
Disturbances,” by Y. Kamide, Cooperative Institute for Research in Environmental Sciences, University of
Colorado, Boulder, CO; H.H. Kroehl, Data Studies Division, National Geophysical and Solar-Terrestrial Data
Center, Boulder, CO; M. Kanamitsu, Advanced Study Program, National Center for Atmospheric Research, Boulder,
CO; Joe Haskell Allen, Data Studies Division, National Geophysical and Solar-Terrestrial Data Center,
Boulder, CO; and S.-1 Akasofu, Geophysical Institute, University of Alaska, Fairbanks, AK, April 1976, 91 PPs
$1.60 {microfiche only).

“Iso-intensity Contours of Ground Magnetic H Perturbations for the December 16-18, 1971, Geomagnetic Storm,"
Y. Kamide, Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, CO,
April 1976, 37 pp, $1.39. )

“Manual on Ionospheric Absorption Measurements," edited by K. Rawer, Institut fur Physikalische
Weltraumforschung, Freiburg, GFR, June 1976, 302 pp, $4.27.

"ATS6 Radio Beacon Electron Content Measurements at Boulder, July 1974 - May 1975," by R.B. Fritz, NOAA Space
Environment Laboratory, Boulder, CO, September 1976, 61 pp, $1.04.

“Auroral Electrojet Magnetic Activity Indices AE{11) for 1974," by Joe Haskell Allen, Carl C. Abston and
%eslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, December 1976, 144 PP,
2.16.

"Geomagnetic Data for January 1976 (AE(7) Indices and Stacked Magnetograms)," by Joe Haskell Allen, Carl C.
Abston and Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, July 1977,
57 pp, $1.07.

"Collected Data Reports for STIP Interval II 20 March - 5 May 1976, edited by Helen E. Coffey and John A.
McKinnon, World Data Center A for Solar-Terrestrial Physics, Boulder, CO, August 1977, 313 pp, $2.95.

"Geomagnetic Data for February 1976 (AE(7) Indices and Stacked Magnetograms)," by Joe Haskell Allen, Carl C.
Abston and Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, September
1977, 55 pp, $1.11.

"Geomagnetic Data for March 1976 (AE(7) Indices and Stacked Magnetograms)," by Joe Haskell Allen, Carl C.
Abston and Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, September
1977, 57 pp, $1.11.

"Geomagnetic Data for April 1976 (AE(8) Indices and Stacked Magnetograms)," by Joe Haskell Allen, Carl C.
Abston and Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, February
1978, 55 pp, $1.00.

"The Information Explosion and Its Consequences for Data Acquisition, Documentation, Processing," by G.K.
Hartmann, Max-Planck-Institut fur Aeronomie, Lindau, GFR, May 1978, 36 pp, $0.75.

"Synoptic Radio Maps of the Sun at 3.3 mm 1970-1973," by Earle B. Mayfield and Fred I. Shimabukuro, Aerospace
Corp., E1 Segundo, CA, May 1978, 30 pp, $0.75.

"Ionospheric D-Region Profile Data Base, A Collection of Computer-Accessible Experimental Profiles of the D
and Lower E Regions," by L.F. McNamara, Ionospheric Prediction Service, Sydney, Australia, August 1978, 30
pp, $0.88 (microfiche only).

"A Comparative Study of Methods of Electron Density Profile Analysis," by L.F. McNamara, Ionospheric
Prediction Service, Sydney, Australia, August 1978, 30 pp, $0.88 (microfiche only).

"Setected Disturbed D-Region Electron Density Profiles. Their relation to the undisturbed D region," by L.F.
McNamara, Ionospheric Prediction Service, Sydney, Australia, October 1978, 50 pp, $1.29 (microfiche only).

"Annotated Atlas of the H-alpha Synoptic Charts for Solar Cycle 20 (1964-1974) Carrington Solar Rotations
;487-1616,“ by Patrick S. McIntosh, NOAA Space Environment Laboratory, Boulder, €O, February 1979, 327 PP
3.50.

"Magnetic Potential Plots over the Northern Hemisphere for 26-28 March 1976," A.D. Richmond, NOAA Space
Environment Laboratory, Boulder, £0; H.W. Kroehl, National Geophysical and Solar-Terrestrial Data Center,
Boulder, CO; M.A. Henning, Lockheed Missils and Space Co., Aurora, C0; and Y. Kamide, Kyoto Sangyo
University, Kyoto, Japan, April 1979, 118 pp, $1.50.

“Energy Release in Solar Flares, Proceedings of the Workshop on Energy Release in Flares, 26 February - 1
March 1979, Cambridge, Massachusetts, U.S.A.," edited by David M. Rust, American Science and Engineering,
Inc., Cambridge, MA, and A. Gordon Emslie, Harvard-Smithsonian Center for Astrophysics, Cambridge, MA, July
1979, 68 pp, $1.50 (microfiche only).

"Auroral Electrojet Magnetic Activity Indices AE(11-12) for January - June 1975," by J.H. Allen, C.C. Abston, J.E.
Salazar and J.A. McKinnon, National Geophysical and Solar-Terrestrial Data Center, NOAA, Boulder, €0, August
1979, 114 pp, $1.75.

"ATS-6 Radio Beacon Electron Content Measurements at Ootacamund, India, October - July 1976," by S.D. Bouwer,
K. Davies, R.F. Donnelly, R.N. Grubb, J.E. Jones and J.H. Taylor, NOAA Space Environment Laboratory, Boulder,
€0, and R.G. Rastogi, M.R. Deshpande, H. Chandra and G. Sethia, Physical Research Laboratory, Ahmedabad,
India, March 1980, 58 pp, $2.50.

"The Alaska IMS Meridian Chain: Magnetic Variations for 9 March - 27 April 1978," by H.W. Kroehl and G.P.
Kosinski, National Geophysical and Solar-Terrestrial Data Center, Boulder, €0; S.-I Akasofu, G.J. Romick, C.E.
Campbell and G.K. Corrick, University of Alaska, Fairbanks, AK; and C.E. Hornback and A.M. Gray, NOAA Space
Environment Laboratory, Boulder, CO, June 1980, 107 pp, $3.00.

"Auroral Electrojet Magnetic Activity Indices AE(12) for July - December 1975," by J.H. Allen, C.C. Abston, J.E.
Salazar and J.A. McKinnon, National Geophysical and Solar-Terrestrial Data Center, NOAA, Boulder, €O, August 1980,
116 pp, $2.50.

"Synoptic Solar Magnetic Field Maps for the Interval Including Carrington Rotations 1601-1680, May 5, 1973 - April
26, 1979," by J. Harvey, B. Gillespie, P. Miedaner and C. Slaughter, Kitt Peak National Observatory, Tucson, AZ,
August 1980, 66 pp, $2.50.

"The Equatorial Latitude of Auroral Activity During 1972-1977," by N.R. Sheeley, Jr. and R.A. Howard, E. 0. Hulbert
Center for Space Research, U.S. Naval Research Laboratory, Washington, DC and B.S. Dandekar, Air Force Geophysics
Laboratory, Hanscom AFB, MA, October 1980, 61 pp, $3.00.






