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ABSTRACT

The 10-T030A impulsive solar flux enhancements of solar flares during
the ATM-SKYLAB missions are presented. The extreme-ultraviolet (EUV) en-
hancements were observed via sudden frequency deviations (SFD), an jono-
spheric effect caused by the enhancement of ionospheric photoionization
produced by EUV bursts. The SFD measurements were made at Sacramento Peak
Observatory; Boulder, Colorado; Leicester, England; Huntsville, Alabamas
and Hawaii. EUV bursts are reported for the period April 1, 1973 to
February 8, 1974, which includes several solar rotations before the first
manned mission of ATM-SKYLAB. Compared to SFD observations from September,
1960 to July, 1970, the ATM-SKYLAB missions were periods of low solar
activity when no large SFDs occurred. However, several medium sized events
did occur with quasi-periodic or extensive fine time structure.

1. INTRODUCTION

A sudden frequency deviation (SFD) is a rapid change in the received frequency of a high-
frequency radio wave propagated from an ultrastable transmitter and reflected at altitudes in the
range 120 to 300 km in the ionosphere. This particular type of frequency deviation results from the
time-varying ionospheric electron density produced by the time-varying ionizing radiation from a
solar flare. In effect, SFD observations are like those from a broadband satellite detector, except
SFDs are particularly sensitive to impulsive 10-1030A bursts and relatively insensitive to gradual
rise and fall events [Donnelly, 1970]. SFDs have fairly good time resolution, namely several seconds
for some of the measurements discussed Tater. SFDs supplement the excellent ATM-SKYLAB observations,
which have high spatial and spectral resolution, by providing high time resolution measurements of
the impulsive flare emissions originating from source regions that are Tike the chromosphere and
chromosphere-corona transition region, and by providing background information on the occurrence of
EUV bursts at times or spatial locations unobserved by the ATM experiments.

ATM-SKYLAB observations [Reeves, 1972] are the best soft x-ray and EUV observations of the sun
made to date, because of their high spatial resolution and long duration and because measurements
were simultaneously recorded at many wavelengths. The ATM (Apollo Telescope Mount) measurements of
the quiet sun, solar prominences and active regions are excellent, and should lead to major advances
in understanding their physical properties and processes. The ATM solar observations covered the
period May 29 through June 18, 1973, during the first manned mission of SKYLAB; the period August 7
through September 21, 1973, during the second manned mission; and the period November 26, 1973
through February 3, 1974, during the final manned mission. The Harvard EUV experiment operated also
during the interim unmanned periods. This atlas of SFD observations presents the events in chronological
order in six time periods as shown in Figure 1.1, namely: (1) before the ATM observations, (2)
during the first manned ATM observing period, {3) the first unmanned ATM observing period, (4) the
second mannned ATM observing period, (5) the second unmanned ATM observing period, and {6) the third
manned ATM observing period.
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Figure 1.1 Observation periods.

2. HF DOPPLER OBSERVATIONS

Measurements of frequency deviations on HF radio waves reflected from the ionosphere are
called HF Doppler measurements. The 0.1 to 100 Hz range of frequency deviations are recorded on
magnetic tape along with time codes. The instrumentation used is like that described by Baker
et al. [1968]. A variety of events other than SFDs are observed in HF Doppler measurements. Some-
what different HF Doppler experiments are conducted according to the type of event to be studied.
The ideal experiment for observing SFDs consists of a ground-range separation between transmitter
and receiver of about 600 to 1200 km so that the horizontal Tength of the radio wave propagation
path is Tong enough relative to local time-varying ionospheric irregularities to average out their
contribution to the observed frequency deviation. Longer paths are undesirable bécause multiple-
hop paths occur and it is difficult to accurately determine their ray paths. Transmitter and
receiver antennas should be quite directional along the great circle path between the transmitter
and receiver stations to suppress propagation paths that deviate significantly from the great circle
plane of the transmitter and receiver stations. The receiver and transmitter antenna8 shou1g also
be directional in the vertical plane with the main beam at elevation angles in the 15~ to 27  range
in order to enhance one-hop propagation paths reflected in the F-region of the fonosphere because
such paths are sensitive to the jonospheric effects of flare radiation in the £u11 1-1030A wave-
Tength range. Both antennas should have low gain at elevation angles below 15~ in order to suppress
one-hop paths reflected from the bottom of the E-layer, or from sporadic E-layers. Such paths are
sensitive mainly to the jonospheric effects of 1-10A soft x-rays that are routinely well obssrved by
satellites. Similarly, the antennas should have low gain at elevation angles above about 30%in
order to suppress multiple-hop paths because it is more difficult to determine accurately their ray
paths. Ideally, an ionosonde station should be located at the midpoint of the path. in order to
provide measurements of the electron density as a function of height just before flares. The
stations should be at equatorial or Tow midlatitudes since the magnitude of SFDs decreases with
increasing solar zenith angle. About five different transmission frequencies, e.g., 8, 9, 10, 11
and 12 MHz, should be used to insure that, at any particular time, at Teast one of the propagation
paths is one-hop with a true reflection height near 200 km.

An oblique-path experiment has several advantages relative to near-vertical path experiments.
First, the effects of time-varying local jonospheric irregularities, which are unrelated to the
flare effects and which may produce frequency deviations as large in magnitude as small SFDs, are
smoothed out in obligue-path observations of frequency deviations. Secondly, higher frequencies are
used on oblique paths which suffer less absorption in. the ionosphere. Thirdly, the ground wave is
not received on long paths while on short paths it must be nulled out as much as possible by the
antenna patterns. The flare-induced jonospheric absorption of radio waves is Tess of a problem for
the oblique path than for a vertical path. For an SFD accompanied by a large SWF (short wave fade-
out, or flare-induced enhancement of D-region absorption of HF radio waves), the vertical-path
observations show the SFD until the strength of the ionosphere-reflected radio wave is so weak
relative to the residual signal from the ground wave that the latter dominates and consequently the
receivers stop automatically increasing their gain to track the SFD signal. A fourth advantage is
that the propagation paths are less influenced by the earth's magnetic field because of the higher
frequencies.




Most of the HF Doppler observations discussed below were intended to observe frequency-deviation
events other than SFDs, e.g., traveling ionospheric disturbances (TIDs) due to aurora sources,
severe storms, or static rocket test firings, etc. Consequently, most of the observations were made
with nearly vertical paths and the SFD observations were a fortunate by-product. Table 2.1 quanti-
tatively presents the geographic locations, path lengths and frequencies of the HF Doppler observa-
tions studied. Al1 of the observations were processed by sub-audio frequency spectral analysis,
which permits detection of SFDs as small as 0.1 Hz peak frequency deviation and separation of two:
different signals with frequency deviations that differ by more than about 0.1 Hz when processed
with time resolution of several seconds.

TABLE 2.1
SFD Observatories
Receiving Station Transmitter Station Received Great-Circle
Name and Frequencies Ground Range
Geographic Coordinates Name Geographic Coordinates MHz km Comments
Sacramento Peak Observatory WWY  40°40'49.0"N 105°02'27.0"W 5, 10, 15 881 Operated to observe SFDs
32°47'12"N 105°49'12"W during ATM-SKYLAB.
WWVH  21°59'26.0"N 159°46'00.0"W 10, 15 5,404 Observations from April 1,
1973 to February 4, 1974
were thoroughly searched for
SFDs. Preliminary reports
or observed SFDs were pub-
lished in Solar-Geophysical
Data.
Table Mountain, Sunset 40°2'25"N  105°27'5"W 2.4, 4.8, 6.0 20.5 Observations from April 1,
Boulder, Colorado 1973 to February 4, 1974
40°7'42"N 105°14'18"W Keenesburg 40°4'30"N 104°30'30"W were thoroughly searched for
62.7 SFDs.
Fort
Collins 40°35'0"N  105°9'30"W 51.1
Leicester, England Four 4.793 66 to 90 SFDs for certain flares
52°23'N  1°3'W Stations observed by ATM-SKYLAB
Near 52.4°N 1°W were studied in detail.
Gainsborough, Upwood, Bicester
and Stafford, England
Marshall Space Flight Nicka- 35°1'N 85°37'W 4.0125 94 SFDs for certain flares
Center Jack observed by ATM-SKYLAB
Huntsville, Alabama Dam were studied.
34°43'N  86°35'W
Muscle 34°47'N 87°37'W 4.759 95
Shoals,
Alabama
Fort Mc-33°44'N 85°44'W 5.374 134
Clellan,
Alabama
Honolulu, QOahu, Hawaii WWVH 21°59'26.0"N 159°46'00.0"W, 5, 10 216 SFDs are routinely scaled
21.3°N 157.5°W and reported in Solar-
Geophystieal Data.
Hana, Maui, Hawaii WWVH 21°59'26.0"N 159°46'00.0™W 5, 10 410 SFDs for certain flares
20.8°N 156.0°W observed by ATM-SKYLAB
were studied in detail.
Kona, Hawaii, Hawaii WWVH 21°59'26.0"N 159°46'00.0"W 5, 10 470

19.6°N 156.0°W

2.1 HF Doppler Observations at Sacramento Peak Observatory

HF Doppler receivers were installed at Sacramento Peak Observatory to receive the frequency
standard.transmissions of station WWV at 5, 10, and 15 MHz in order to measure SFDs during the ATM-
SKYLAB missjons. Figure 2.1 shows the Tocations of the transmitters and receivers. The ground
range of 881 km is ideal. The WWV transmissions were used because funds were not available to
operate separate transmitters. WWV transmits 10 kW of power at each of the three frequencies
received at Sacramento Peak Observatory.
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In order to provide worldwide time and frequency standard information, the WWV antennas are
half-wave vertical dipoles that radiate omnidirectionally in the horizontal plane with strong radia-
tion at low elevation angles. The results for the SFD measurements are that radio waves reflected
from the bottom of the E-layer or paths outside the great circle plane of the transmitter and
receiver locations are stronger than ideal. The receiving antennas were half-wave horizontal
dipoles strung about one-quarter wavelength above the ground. The axis of each antenna was oriented
approximately perpendicularly to the great circle plane of the transmitter and receiver locations
which provides a mild directivity in support of great circle propagation paths reflected in the F-
region.

Usually 5 MHz was too Tow for propagation paths to be reflected from the F-region to Sacramento
Peak, i.e., 5 MHz was normally reflected from the bottom of the E-layer. Usually 15 MHz was too
high a frequency to be reflected in the ionosphere to as short a range as 881 km, i.e., the skip-
distance usually exceeded 881 km. So 10 MHz provided the main measurements of SFDs, but frequently
the only 10 MHz daytime path was reflected from the bottom of the E-Tlayer or sporadic E-layers.

The time and frequency standard station WWVH in Hawaii also transmits at 5, 10 and 15 MHz. The
WWVH antenna patterns are cardioid shaped in a horizontal plane with the minimum radiation in the
easterly direction. Also, the orientation of the receiving antennas at Sacramento Peak Observatory
results in a minimum sensitivity to radio waves from the west. Consequently, reception at Sacramento
Peak Observatory of WWVH was not expected. However, freguently 15 MHz WWVH and occasionally 10 MHz
WWVH were received, as was evident from the voice announcements. The great circle ground range from
WWVH, Kauai, Hawaii to Sacramento Peak Observatory is about 5,404 km. The WWVH propagation paths
were multiple~hop and may have deviated significantly from the great circle plane. For several SFDs
reported Tater, 15 MHz WWVH to Sacramento Peak Observatory provided the sole observation of the
event.

No ionograms were available from near the midpoint of the path from WWV to Sacramento Peak.
Ionograms were obtained from near the end points of the propagation path, namely Boulder, Colorado,
and from White Sands Missile Range, near White Sands National Monument (see Figure 2.1). For many of
the SFDs observed, preflare ionograms of sufficient quality for computing the ionospheric electron
density as a function of height were not available from White Sands.

The Sacramento Peak HF Doppler observations commenced March 30, 1973 and terminated February 4,
1974. These observations were examined to detect SFDs, first by looking directly at the records and
secondly by checking the data at the times of flares Tisted in Solar-Geophysical Data. Loss of data
due to equipment malfunction, power failures or the time required to change magnetic tapes totaled
less than %% of the total observing period, where most of the lost data occurred on November 30,
1973, because of a power failure. Preliminary reports of SFDs observed at Sacramento Peak were
published in Solar-Geophysical Data.

2.2 HF Doppler Observations Near Boulder, Colorado

Figure 2.2 illustrates the geographic Tayout of an HF Doppler observatory near Boulder, Colorado,
that was operated under ARPA Order No. 1361 to observe moving ionospheric irregularities. Three
paths are used for triangulation of the motions. The observation of SFDs was a fortunate by-product.
The frequencies transmitted from the three stations were offset from each other by about a 1 kHz
interval at 2.4 MHz, 2 kHz at 4.8 MHz and 2.5 kHz at 6 MHz, so the received signals could be recorded
on separate channels, e.g., 4.8 MHz from Fort Collins is recorded on a different magnetic tape than
4.8 MHz from Sunset or 4.8 MHz from Keenesburg. The three transmission frequencies of about 2.4,
4.8 and 6.0 MHz and the three different propagation paths result in nine channels of HF Doppler
data. The main disadvantage for observing SFDs on nearly vertical propagation paths 1ike these is
that time-varying local ionospheric irregularities cause sizeable frequency deviations that constitute
noise relative to the flare-induced frequency deviation. Because the frequency deviations from
Tocal irreguiarities are not simultaneous while the SFD is simultaneous for the three different
propagation paths, the three sets of data can be used to average out or reduce the noise from local
irregularities.

Usually during the daytime, 2.4 MHz was reflected from the bottom of the E-layer and was
therefore insensitive to the 10-1030A flare radiation. During June (first ATM manned mission), 6
MHz was usually too high a frequency for reflection from the ionosphere for such short path lengths.
For many of the SFDs, 4.8 MHz was reflected only as an extraordinary wave because the ionosphere
peak electron density was too Tow for reflection of the ordinary wave. The nine channels of Boulder
HF Doppler data for the period April 1, 1973 through February 3, 1974, were searched for SFDs. Iono-
%ram; recorded at Boulder were used to determine the preflare electron density as a function of

eight.
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for HF Doppler observations at leicester, England.

2.3 HF Doppler Observations in England

HF Doppler observations are made at the University of Leicester in England in order to study
traveling jonospheric disturbances that are excited in the auroral region and travel toward the
southeast over England. Four nearly vertical propagation paths are used. The ground paths are
shown in Figure 2.3. The four transmissions are separated by 3 Hz intervals and are therefore
observed by one receiver. The individual frequency deviations are separated through frequency
spectral analysis. These observations were studied for several of the solar flares observed by ATM-
SKYLAB at times too early for SFD observations in Boulder or Sacramento Peak Observatory. Ionograms
from STough, just west of London, were used to estimate the preflare jonosphere over Leicester.
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2.4 HF Doppler Observations at NASA Marshall Space Flight Center

Figure 2.4 illustrates the HF Doppler experiment at NASA Marshall Space Flight Center near
Huntsville, Alabama, which was designed to study moving ionospheric irregularities including travel-
ing waves excited by static ground tests of large rocket engines. The experiment is similar to that
at the University of Leicester, but includes more frequencies to obtain information on the varia-
tions with height. Observations for several flares observed by the ATM-SKYLAB experiments during
the second and third manned missions were studied. lonograms were not available for this locality
for these events, so the preflare ionosphere was estimated from ionospheric conditions at similar
latitudes and local times.

2.5 HF Doppler Observations in Hawaii

HF Doppler measurements are made by the Radio Science Laboratory of the University of Hawaii at
the field stations shown in Figure 2.5, under Grant Number GA-23964 of the Nationa] Science Foundation,
to observe SFDs, various types of traveling ionospheric disturbances, and other time variations of
the ionosphere. SFDs are routinely detected, scaled, and then reported in Solar-Geophysical Data.
Ionograms recorded at Maui, Hawaii, were used to determine the preflare ionosphere electron density
as a function of height. SFDs observed in Hawaii were used to confirm the detailed time structure
of many of the SFDs observed near Boulder, and were the sole source of data for many flares observed
by ATM-SKYLAB, especially during the 0000 to 0400 UT period.
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3. SFD ANALYSIS PROCEDURES

The magnetic tape recordings of frequency deviations in the 0.1 to 100 Hz range are replayed at
speeds from about 25 times up to about 2,000 times the speed at which the data were recorded, where
the Tower speeds are used for Targe SFDs when high time resolution is desired and the higher speeds
are used when searching for the occurrence of events. The speed-up in replaying the data shifts the
frequency range into the audio range. The data are then processed by standard audio spectral
analyzers. Two types of spectra analyzers are usually used. First a Rayspan is employed to make
records of an entire data tape, which usually contains two weeks of data. These records are used in
searching for the occurrence of special events, e.g. SFDs, and to study daily variations. The
latter information is used in the analysis of SFDs by determining the extent of changes in the
ionosphere between the Tatest available preflare ionogram and the start of the SFD. One can also
tell whether the HF Doppler propagation path is reflected from the bottom of the E-Tayer or from the
F-layer because the amplitude of the background frequency deviations are much larger in the latter
case than in the former.

Once the times of SFDs are determined, sonagrams Tike that shown in Figure 3.1 are made for a
small time interval including the SFD for each channel of data. The preflare frequency deviation is
offset from zero by the HF Doppler recording instrumentation so one can distinguish a decrease from
an increase with respect to the average value. Several sonagrams are usually made for each HF
Doppler channel for each SFD for the following reasons. When significant absorption of the HF radio
wave occurs during the solar flare, one playback gain is used to show the preflare and postflare
frequency deviations clearly. A second higher gain is used to show the main part of the SFD, where
now the preflare and postflare period will usually be complicated by minor noise. Higher gains may
then be used for the late portion of the SFD when the soft x-ray and flare-induced absorption are at
a maximum. Slower playback speeds are used to attain higher time resolution, but unfortunately,
while the time scale is increased, the frequency scale is decreased. Nonlinear amplification is
used to generate harmonics of the primary frequency deviation in order to effectively increase the
frequency deviation scale for the harmonics. Some of the SFDs discussed later were scaled from
third or fifth harmonics. The frequency as a function of time f{t) is then digitized for each HF
Doppler channel that observed the SFD clearly, using a Hewlett-Packard scaler and calculator Model
9820A. The frequency deviation Af(t) during an SFD is simply Af(t) = f(t)-F ,where f_is the
preflare value of f(t). ° 0




TIME

Figure 3.1 The sonagraph record of the SFD of 18430T April 11, 1973.

The procedure used to calculate the 10-1030A flux enhancement (A®) for all the results in this
atlas was method 3 of Donnelly [1970, p,75]. It is the most suitable method for application to a
large number of events. This method involves two main related simplifying assumptions, namely (1)
that the time rate of change of electron density (dN_/dt) in the ionosphere during the solar flare
is approximately constant with height from just abové the bottom of the E-Tlayer (ho) to the height
of reflection (hw) and (2) the electron loss time constant t(h) is approximately constant with
height over the range from ho to h,.. The first assumption is approximately satisfied at heights
below about 200 km if the second assumption is true and because the EUV flare spectrum is spread
over the 10-1030A range in continuum emission and in a large number of emission lines. This spread
spectrum Teads to the rate of production of ionization being roughly constant in the 110 to 200 km
altitude range. The second assumption is not strictly valid for some of the events, so those
cases are identified later in the atlas. For those events of particular relevance to the ATM-SKYLAB
observations, the sensitivity of the results to the assumed effective electron-loss time constant is
illustrated.

The first assumption simplifies the relation between Af and dNe/dt [Agy et al., 19651, namely

dNe N e
@& Mo T ; M

in the altitude range from h, to h,, where k = 80.6 Hz?m®, f, is the equivalent vertical incidence
frequency, ¢ is the speed of light and h”,. is the virtual height of reflection. Transmission curves
[Smith, 1939] and ionograms taken just before the flare at a Tocation near the HF Doppler propaga-
tion path were used to determine h”,., hy and f, for each event and channel analyzed.

Equation (1) was evaluated numerically and also integrated from the start of the event to time
t to determine ANg(t) in the upper E- and Fl-region of the ionosphere. The rate of flare-enchanced
production of ionTzation Aq(t) was then computed for an effective electron loss time constant t f
from the electron continuity equation, eff

dN AN -
- e e 2
()= gt * o Bopplote)

2
Teff @

; AN
Th$ nonlinear term in (2) was small relative to the —?9 term for all the flares discussed in this
atlas.

The energy flux enhancement was then computed from

A2(10-1030A,t) = a sec (x) Aq(t) (3)
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where x is the solar zenith angle at the midpoint of the propagation path at the time of the peak of
the event and a = 6.56x107%% Watt-m~sec. [Donnelly, 1970].

The values of ters and Beps were determined from models of agpe(h) Befs(h). The electron density
as a function of height was caTcu]ated for each flare and HF Dopp?er observatory using the correspond-
ing preflare ionograms and the methods of Wright [1967]. The true height of reflection hy was then
determined from Ne(h), where Ne(hy) = f3/k. Using several models of aeff(h) and Baope(h), including
those of Mitra and Banerjee [1971], T and B were computed as a function of altitude From t(h) =
[20a£(h)Na(h)]~, or T(h) = B~! at the higher altitudes, and B(h) = agff(h), or B (h) = 0 at
altitudes where 8 applies. Averages of t(h) and B(h) were computed over the height range from h, to
hy to determine tope and Bgrg.

The Adpay(10-1030A) values computed using method 3 are estimated to be accurate to within a
factor of four [Donnelly, 1970]. The impulsive structure in A®(10-1030A, t) with time constants less
than teff (see (2)) are insensitive to the height variations of T or to the a(h) and 8(h) models,
while the flux variations with time variations larger than toff are quite sensitive. Ionospheric
variations unrelated to the solar flare effects produce noise in the SFD observations that mainly
affect the A®(10-1030A) estimates during the slow flare emissions. SFD data provide good informa-
tion on the impulsive emissions of flares, poor information on the slow flare emission, and no in-
formation on the nonflare solar radiation.

4. (QOBSERVATIONS DURING TWO SOLAR ROTATIONS BEFORE THE ATM-SKYLAB

In order to provide background information on the EUV flaring of the active regions whose rem-
nants were observed during the first manned mission of ATM, and to place the EUV bursts during the
ATM observations in perspective, the SFD observations from April 1 to May 28, 1973 will be discussed.
The Zurich relative sunspot numbers in April and May were lower on the average than in 1967 through
1972, but were generally higher than during the first and third manned ATM observations. The sunspot
numbers during the first week in September during the second period of manned ATM observations
exceeded the sunspot numbers in April and May; however, this pre-ATM period was richer in large EUV
bursts, at least during the daylight observing period of the SFD observations studied.

Figures 4.1 and 4.2 demarcate the periods when SFDs (Af__ 20.2Hz) could have been observed on
at Teast one of the HF Doppler data channels at Sacramento PR3E Observatory and near Boulder,
respectively. Sunrise in the ionosphere preceeds sunrise at the ground. The dotted Tines indicate
the times when all the channels of received transmissions were dominated by paths reflected off the
bottom of the E-layer or sporadic E-layers. Such propagation paths are much less sensitive to EUV
bursts than propagation paths reflected in the F-region because they involve only the ionospheric
effects at heights below about 110 km produced mainly by the 1-10A flare radiation. Hence, the
dotted lines mark periods of low sensitivity for detecting SFDs. Once an SFD is detected, further
spectral analysis of oblique path data with high gain may bring out a Targer SFD on a weaker F-region
path in spite of the strong E-region path. In Figure 3.1, the E-region path is weaker than the F-
region path and is lost due to the large flare-induced absorption enhancement (SWF).

The frequency deviations caused by the rising sun and the transient build-up of the ionosphere
are of the order of 1 Hz and complicate the detection of SFDs. Large solar zenith angles (x) reduce
the magnitude of the SFD for a given strength of EUV burst. For xy < 85°, Af « cos x. Usually,
SFDs are not analyzed for y = 80° because the frequency deviations are small, because the ionosphere
cannot be adequately approximated as a horizontally or spherically stratified medium, and because y
and the background frequency deviaitons and nonflare ionization are time varying. Sunset at the
ionospheric heights of the HF Doppler paths does not produce a distinct signature in the frequency
deviations, so x = 90° was used as a practical end to SFD observations.

Table 4.1 Tists the main features of SFDs observed. Note that some events have results listed
for more than one transmission frequency or receiving station. These. were cases that were analyzed
in detail. Secondary peaks are Tisted when their peak frequency deviation was greater than one-third
the maximuym value and the adjacent valleys were less than two-thirds that particular peak. The time
of a peak in the frequency deviation marks the time of impulsive structure in the 10-1030A radiation,
i.e., either a peak-in the radiation or the end of rapid rise, which may then be followed by a slow
rise in the radjation and a slow decrease in the frequency deviation. The time of the main zero
crossing is important in that A¢ _ (10-1030A) will occur at or before the main zero crossing and at
or later than the maximum frequency deviation. The start time in the case of initial gradual rises
may vary from one SFD channel to another by about one minute, depending on the background of frequency
deviations unrelated to flares. The end time of an SFD is usually very uncertain, since the SFD
frequency deviation approaches asymptotically the background non-flare variations. The SFD end time
probably preceeds the end of the 10-1030A flare radiation. Although the magnitude of A® _ (10-1030A)
is usually proportional to Af ___, their relation also depends on the solar zenith angle, PA&nsmission
frequency, and the path of thB2HF Doppler radio wave in the ionosphere. SFDs observed on paths
reflected from the bottom of the E-Tayer (see comment 15 in Table 4.1) have small Afmax values

relative to A® «(10-1030A). Note that several of the SFDs are classified as Targe (AfmaX 2 4.5 Hz).
None of the SFH@ during ATM-SKYLAB was that large.

11




973

WWV Sacramento Peak Observatory
HF Doppler Observations

% =90°80° 80° 90°
|

] ] i | | ] I ] 1 | | | | I
..... heseatenaes
U, esenens
—
1) S——————
b ceaeeeressssecerrsaanans
"
e e em—
—— eesevsessasseenas L
. tesesesvstsnanrane tereeeecusetarararrsttesnonanen
[ —— Wesetsaeseseiaresesnanenanan eressnerensaen
"
R cereesraren sevesevesesnsostoncnanoafiana
I PR AP
e —— L R L I I R I R N R R I I SR Fa Y
L
20 e — oo e St st bcesteseneenssrennrevsastasesssesarsosarsabos
. D S PR
L
L Y
A e — L T T G
—— e st e s eesanenraeseesensnsansrvnnnos
sesefeesessanciens  eeeses et reassnsenaseeans
I AP teterattstsesnanaaonacsererenanesones cresees
30 f————e - e e e secetenaensnacota st e rataereenenan
ceenens
pu———ua——— LR L I R R I N N N R R RN I N
I b eoesosasnavaans
cenen
9
IR
Sr et ntserteerasasenteanersstaarannonenocnalen
— seee tesesesevesaans
C — S [P cevereresesens
10 ererrreer e,
I, sessesrasscesenes
entsesessesnsanena
— shocrcacessccncreronsa
N mer———— tereeors e s sonncen D I T I TS S A G
é; 15 et st etienettenttctaraetaenetonnensnocnns
Cel ettt et ettt e e e e e s e e s s —— e e s ee e eee s
— sehoressrssonnssanannan Geeenasaanrosaras
—— T T T
D T T D! S
20 heecuseereerensessesacerernnse PN
A ierstsseecossenseseasarrenssoanrrerana eree
eesaesssanen veresensnnn
b L N N
tetehecrctrnirtersnenrsesanas fereesensen
25— reseeseraias
T B R TR T R T T A O AN .
teseeereenstrmmenss
28 ter deteneseeracsnannnsasan ceee
“
T T T T I T I T |

: l T T T T
1600 1800 2000 2200 2400 0200 0400

Universal Time Hours

{ I
1000 1200 1400

No sunlit observations

+++++ No F-region observations

Figure 4.1 SFD observing time at Sacramento Peak Observatory
during two solar rotations prior to the ATM observations.

Clear areas indicate good observations, dotted indicate re-
duced sensitivity, solid line indicates no observations.
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Table 4.2 Tlists the times and flux values of up to three peaks in A®(10-1030A, t). When more
than one channel of data were used to compute A®{10-7030A, t) (see column 2 in the table), the times
and flux values were averaged to obtain the results in Table 4.2. The peak flux values and peak times
from different channels agreed quite well, usually to within 10% of the average value or to within
two seconds respectively, although the flux results for the May 5 event range 70% from the average
value. For each event in Table 4.2, all available SFD observations were compared to help determine
noise and non-flare variations in Af(t), even for the cases where only one channel was carried through
to computing A®(10-1030A, t). The underlined flux value is the maximum value for that flare event.
Some flares had slow peaks, which were Targer and Tater than the impulsive values given in Table 4.2,
sthat are not Tisted in Table 4.2 because SFDs do not provide accurate estimates for such slow
emissions. Two of the events Tisted in Table 4.2 vary sTowly near their maxima and therefore their
peak time is less accurately known. Many of the events in Table 4.1 do not appear in Table 4.2 and
were not analyzed to compute A®(10-1030A) because the SFD was either not large enough, not of suffi-
cient quality, not from an F-region path, the solar zenith angle was too large, or a large SWF caused
the SED data to,be lost. None of the events is a large EUV enhancement, i.e., (A@max(10-1030A) =
2x10 7 Watts m “) [Donnelly, 1970]. The Tlargest (1716 UT May 5, 1973) is more thah°an order of
magnitude smaller than the largest events observed from 1960 to 1970, e.g., 1328 UT November 12, 1960;
1527 UT August 28, 1966; and 1841 UT May 23, 1967 [Dgnnelly, 1970]. Five of the EUV bursts are in
the medium class (5x10~4 < A@max(10-1030A) < 2x107 Watts m-2). .

Figure 4.3 shows the SFD of 1535 UT April 1, 1973; and Figure 4.4 shows the A®(10-1030A, t)
estimate that was computed from the SFD using a model for o ff(h) used previously in analyzing SFD data
[Donnelly, 1968], herein called Model 3. These A®(10-103OA? results are our best estimate relative
to results based on Models 4-7. Models 4, 5, 6 and 7 refer to models of Oaff that are equal to

%, l‘, Y2, and 2 times the o of Model 3 respectively. Models 4-7 are intended only to demonstrate
VZ > eff

the sensitivity of A®(10-1030A, t) to the assumed ionospheric electron loss rates. Results using
Model 2 based on a ff(h) and B_..(h) models of Mitra and Banerjee [1971] are shown for several events
Tater in the atlas®''The va1uee£F Toff in Figure 4.4 is unusually high and results from the height
of reflection being very high. €

The remainder of the chapter presents figures of the SFD observations and derived A®(10-1030A, t)
estimates. Information on the associated Ho flares and microwave bursts are presented below the
figure of the SFD, along with comments on any complications involved in the calculation of A®(10-1030A,1t).
When no comments to the contrary are made, the radioc wave was an ordinary wave, the HF Doppler propa-
gation path was adequately determined, and t(h) was approximately constant over the range from hgy to
hy. The A®(10-1030A, t)/Ad curves are dotted below 0.05 to signify less accuracy for such small
values. These curves are sOM&times also dashed late in the flare to signify lower accuracy of the
flux estimate than for the solid Tine. Calculations were made using Models 2-7 but best-estimate
A®(10-1030A,. t} results based on Model 3 are the only ones presented here, in order to conserve space.
Similarly, results for only one channel of SFD are presented. More extensive results are given Tater
for flares during the ATM observing periods. The exception to these two Timitations are the results
for the flare of May 18, 1973, shown in Figures 4.27 - 4.38. That SFD was- selected for detailed
illustration because it includes a long duration slow component which is small in Af(t) yet large in
A®(10-1030A, t). It is therefore an excellent event for demonstrating how well SFDs determine the
impulsive EUV emission and how poorly the slow 10-1030A enhancement, as a function of transmission
frequency, path length of the HF Doppler radio wave, and the assumed ionospheric electron loss rates.
Discussion of these features is included below the captions of Figures 4.27, 4.29, 4.31, and 4.33.

No estimates of A® _ (10-1030A) were made for the 2B flare of 2100 UT April 29, 1973, because
all the available HF DoEB*er data were Tost due to the large SWF from the soft x-ray enhancement.
The HF Doppler traces were lost before any impulsive SFD structure was detected. The 2-35 GHz micro-
wave burst was the largest observed during the periods covered in this atlas. Another type of iono-
spheric observation that is sensitive to the 1-1030A flare radiation is the measurement of total
columnar ionospheric electron content using geostationary radio beacons, where the observed flare
effect is called a SITEC. The observed SITEC for this flare was quite large. The time rate of
change of the total columnar jonospheric electron density was comparable to that for the flares of
1844 UT April 11, 1973 and 1716 UT, May 5, 1973 (R. Fritz, NOAA, Boulder, Colorado, private communica-
tion).
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5. OBSERVATIONS DURING THE FIRST MANNED MISSION OF ATM-SKYLAB

The first manned ATM observations during SKYLAB II covered the period May 29 to June 18, 1973.
The SFD observing times during the first manned ATM mission are illustrated in Figures 5.1 and 5.2
for the Sacramento Peak and Boulder HF Doppler observations respectively. The Boulder observations
included at Teast one high sensitivity path reflected from the F-region 96% of the time. The Tevel
of solar activity was quite Tow during this three-week period; the daily average 10 cm flux measured
at ARO, Ottawa, was below 100 the entire period. Few SFDs were observed. Their main features are
listed in Table 5.1. The two events where the SFD was large enough and the data of sufficient
quality were analyzed to estimate A®(10-1030A, t); the main results are presented in Table 5.2.

WWV Sacramento Peak Observatory
HF Doppler Observations

“X=90°80°
80° 90°
;0.,29 | i | | | | | [ ] l
P S Y st R O TR
[ e B R LR R R
o
210
S
=
|5 p———] oeb....
18 I s
— T
1000 1200 0200 0400
Universal Time
No sunlit observations
""" No F-region observations
Figure 5.1 SFD observing time at Sacramento Peak Observatory
during the first manned observations with ATM.
Clear areas indicate good observations, dotted indicate re-
duged sgpsitivity, solid line indicates no observations.
Boulder HF Doppler Observations
“X = 90°80° 80°90°
> 29 i i I I I L1 i i [ |
Q)
N
ok
18 T T T T T T I E— T T T T T
1000 200 1400 1600 1800 2000 2200 2400 0200 0400

Universal Time

No sunlit observations
----- No F-region observations

Figure 5.2 SFD observing time near Boulder, Colorado during
the first manned observations with ATM.

Clear areas indicate good observations, dotted indicate re-
duced sensitivity, solid line indicates no observations.
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Table 5.2 The Impulsive 10-1030A Flux Enhancements Deduced From
SFDs During the First Manned Mission of ATM-SKYLAB
May 29 - June 18, 1973

Number of
Channels of
SFD Data Start 7 Peak Y Pealk N
N Date Analyzed to Time Time A (10-1030A)* Time  A®(10-10304)*
1973 A% (10-10304) UT uT Peak UT Peak
-h
June 15 i 1ho7 1410.9 7.1x10
-l -h
June 16 1 1k21.4 1he3.2 2.0x10 1h2h.5  3.1x10 3

Underlined peak flux values are the maximum values for the event.

#48 (10-10308) flux units are Watts m -.

The quality of the SFD data for the SFDs illustrated in Figures 5.3, 5.10 and 5.12 is generally
lower than for the events selected for illustration in Section 4. The June 15th event was quasi-
periodic (10.4 sec) and had the largest peak 10-T030A flux enhancement of-all the SFDs observed during
the ATM missions. It was a medium sized 10-1030A burst, comparable to the larger events in Table 4.2,
but more than an order of magnitude smaller than the largest events observed during 1960 to 1970. The
ATM observations of this flare commenced their flare mode just after 1411 UT, so the impulsive phase
of the flare was missed but the rising slow component was well observed.
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6. OBSERVATIONS DURING THE FIRST UNMANNED MISSION OF ATM-SKYLAB

The Tast ATM film observations of the first manned mission (SKYLAB II) were taken on June 18, 1973,
and the first film observations of the second manned mission (SKYLAB III) were taken on August 7, 1973.
The interim period, June 19 through August 6, will be discussed here. The Harvard ATM experiment made
observations via telemetry during this unmanned period.

The SFD observing times are shown in Figures 6.1 and 6.2. The Sacramento Peak observations were
reduced in sensitivity most of the time by the dominance of HF Doppler propagation paths reflected
from the bottom of the E-layer of the ionosphere. The level of solar activity was generally Tow during
this period. Although the daily average Ottawa 10 cm flux did rise above 100 from June 20 through 26,
it dipped below 80 to nearly sunspot minimum values in mid-July and early August. The observed SFDs
are lTisted in Table 6.1 and the peak 10-1030A flux values for some of the larger SFDs are4listed in

Table 6.2. All of these EUV bursts are of small intensity, i.e., A@max(10—103OA) < 5x1077 Watts m'z.
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Figure 6.1 SFD observing time at Sacramento Peak Observatory
during the first unmanned observations with ATM.

Clear areas indicate good observations, dotted indicate re-
duced sensitivity, solid line indicates no observations.
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1973
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Boulder HF Doppler Observations

Universal Time

No sunlit observations
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Figure 6.2 SFD observing time near Boulder, Colorado during

the first unmanned observations with ATM.

Clear areas indicate good observations, dotted indicate re-
duced sensitivity, solid line indicates no observations.
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7. (OBSERVATIONS DURING THE SECOND MANNED MISSION OF ATM-SKYLAB

The second manned ATM observing period (August 7 to September 21, 1973) was the richest in
number of solar flares, although the number of flares was much lower than in the two month period
before the ATM mission discussed in Section 4. The Tevel of solar activity rose from Tow levels,
comparable to those of sunspot minimum years, in mid-August, to moderate levels in the first week in
September. The Ottawa 10 cm flux reached a daily average of 136.5 on September 3.  The observed
SFDs are listed in Table 7.1 and the computed flux pnhancementg are in Table 7.2. A1l the T0-1030A
bursts were small in intensity (A2(10-1030A) < 5x10-4 Watts m~¢), except for the medium sized burst
“of 0945 UT September 4, 1973. Several events show complex fine structure or are quasi-periodic
(September 4 and 5). The periods of SFD observations at Sacramento Peak Observatory and near Boulder
are indicated in Figures 7.1 and 7.2 respectively. The daily SFD observing period shortens from
summer to fall, but the periods of reduced sensitivity due to the propagation path being reflected
from the bottom of the E-layer or from sporadic E are also shorter and less frequent.

Some of the SFDs used to compute A®(10-1030A) were noisy or of poor quality, but they were
nevertheless analyzed in detail if they were also observed by the ATM experiments. Similar events
in Section 4 were not used to compute A®(10-1030A). To help clarify what portions of the results .
may be noise from what must be a real flare enhancement, results from several different channels of
SFD data are shown. The results in Table 7.2 are an average over all channels processed, including
some not shown in the Figures. The best events from the viewpoint of having interesting impulsive
fine structure observed by good SFD data are those on September 4 and 5.

The Tong lasting 2B flare of 1140 UT September 7, 1973, was probably the largest event of the
second manned mission. Figures 7.1 and 7.2 show that this flare occurred too early for SFD observa-
tions at Sacramento Peak Observatory or near Boulder. The SFD was observed in England to be a long
lasting sequence of small impulsive peaks (see Table 7.1) superposed on a long lasting gradual en-
hancement. The associated microwave bursts exhibited a large impulsive rise at 1156 UT, with impul-
sive fine structure peaks lasting until 1207 UT. Any corresponding EUV bursts were not observed in
the SFD data because the large soft x-ray enhancement associated with this flare had enhanced the
jonospheric absorption (SWF) of the HF Doppler radic waves so much that the data in England were lost
Just before 1155 UT, at which time the data did not yet indicate the occurrence of any increase.
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1973

September

WWYV Sacramento Peak Observatory
HF Doppler Observations
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Figure 7.1 SFD observing time at Sacramento Peak Observatory
during the second manned observations with ATH.

Clear areas indicate good observations, dotted indicate re-
duced sensitivity, solid line indicates no observations.
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1973

Boulder HF Doppler Observations
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Figure 7.2 SFD observing time near Boulder, Colorado during
the second manned observations with ATM.

Clear areas indicate good observations, dotted indicate re-
duced sensitivity, solid line indicates no observations.

66




*0pRICTO) ‘Bangssussy e ZHW Q'ff UO paseq “CLET €L asnBuy In grQT Jo
JUSWOOUBYUS XNTJ VOEOT-0T 998Wrass~-48sd 4/ 2mBTd

3WIL WSYIAING
0s8l 8v8! 9781 yy81
F......-.._.........—.....J-I‘-Icll]—l—o.o
338 9°¥2 = VL 3A1LI3343 :
£ 7300w

¢
.
]

TYHYON

(VOS01-01) ®ow]nd Y130/ (VOS01-01) Ind YiN3Q

ANBWIDNYHNG XN1d4 AOW3N3 ¥vI0$ V0§01-01 Q3aZ1

1N S6°§S81 LV _

a LLVA $00-19°1 7

= INIWIINVHNI X4 —870
Y0§01-01 W3d -

B T T T L T A gy R

40 98°SyB1 LV NOILVIAIQ AON3NOIUA N¥3d ZH L°0
ZHd 08°'7 = AININOIY4 OGWNBSINIIN 0L 'NIW 37@vL GL61 L 8

0set

*IVIENS WIV £q POAJSSQO Sem oIBLF ANE TTewWs STUL °G') 9mMITI

995 ‘UOTYETPeR SIBTI VOEOT~OT U3 UF SIN3ONIS SUTI 0% POINgray

-2% aq gouued §°J, aangdrg UT UMOUS aJn90nJI38 SUTJ 9Y3 JO yonw pue A
sTyy 203 Astou exes eyep Jorddoq JW our ' (GDS) In G OoWQT 0% £°GHYT
woxI peyeed 4SInQ SABMOIOTW ZHH TT 0% g OUL . *IN LyQT e poxead pue
I0 LEQT Y8 Poaess oxe[d O sUl “hLy2T ‘ol uoTHey o8eld USeNOW UT
HZM  QON 7' £3TSUSQUT TEWJOU JO SJeTgans g oug poturdwoooe 48 STUL

fOpRJIOTOD ‘Fanqssussy e
ZHW @*H Uo €L6T ‘L 4sn8ny In ongT Jo qdS € oISTd

3WIL IVSY3AINA
8v81 9v81 y781

......_.__...;._..__......._..To.T

10 9976701 LV NOTIVIA3G AJN3NB3YHS Xv3d Zn LD
T 09°7 = ADNINOTY4 SUNESINIIW OL 'NUM IW8vL £L61 L B

67



*RI03BATSSAQ WBAJ OJUSWEBIORS 38 ZHW GT uo peseq ‘CLET L asnSay
@ gHQT JUSUSDUBYUS XNTJ YOLOT-0OT 94BWIS80-389g 9* ) om3Tg

Wil vS¥IAINn
8rei Ir8!
— ) ) + 1 ) ] 1 1 ) _ t ) L 1 '

341403443

7v8,
prep cmpmapnd. [ )

"a3setr = vl

£ 300k ‘ '

-390
10 0§°8v81 1Y _
2 _LLYA 00-70°1 T
= INIWIINVHNI Xn14 — 80
V0§01-01 ¥v3d -

e e e e e ey L

. G858l
ASHINE3d4

oY NOILYIAZQ AON3NO3YL W¥3d ZH §°1

Zriw 157G = AY3d J¥S OL SNIT0D 'L4 6161 L 8

s

£01-01 Q3Z]7viAON

(V0S01-01)*PWIHd v1I30/(V0S01~01) IHd Y1130

ANIWIINYHNI XN1d A9W3NT uY0S YO

‘TN € gHGT FB eV o9 In

GHQT WOIJ SSTI SYJ 0 SATIBTSL WeaH 93Tnb sem UOTIBTDPEL VOEOT-OT SU2
Ul 2anqonaqs SUTF aarsTadwt Syl *IN 6HQT 210739 9* ) pue ), SeumBTd
Ul S3TJTIBTIWLS SYJF 990N *SIBTJ JIBTOS Y] 09 DPajeTaIUN SUOTIETIBA
0TIoUdsouoT 09 aNp SSTOU ST SJNJONILS SUTF IBTTUISSTD oUl JO 28OK
‘UOTYBTIEBI 9JBTJ YOLOT-0T ©U2 UT 3IN}ONILS SUTLI Teas 09 Spuodssrioo
Atqeqoad ¢* ), pue £°), soanIT4 01 UOUWOD SJN3ONIAS SUTH *£°/ °InlTd
UL S® 9XeTJ Swes oyl JoJ ©y8p (4S5 ASTOU JO TBUUBYD JISYJOUE ST STUJL

‘Arogeagesq) yead ojuswWeRJIOBS 1% ZHW ST UO
€L6T L 3suBny IO 9hgT JO @dS 6L eanStd

IIL VSYIAIMN
8v8l

lf LI S R D R R B | - L N I I e ] “ L D D R R I B )

1n 68°6v81
ZHi 00°S1 = AIN3NO3Y

1Y NOILYIA3Q AON3NOIY3 ¥¥3d ZH £°1
%¥3d J¥S 0L SNITM0) ‘14 g6l L 8

98! 124

|
-
<

]

|
o~
o

=
o
NOILVIAZQ ADNINOIUS GIZIWWWNON

+0°1

63



*CJAT 6 3snBny IN GGET JO JUBWSDUBYUL
¥nTJ VOEOT-OT @9BwWTySe-9459g Q'L SMITL

WIL TVSHIAIND

0091 6661 8661 Le8l 968681 666l peSl £6S1 28581 18§l 0§61
.-a........_........._..................._.........-........._.........—........._.................caﬁl 10°0
33 972 = N¥l 3A1L)3443
§ 1300W .

- N

- =00
h-o-....-...0-..-.oo-;-..-...........-.:..- (1] o.-...--..--.-—-.-...-.-.o-.-...-‘t°°-ﬁ
0091 6581 B8S8G1 1861 9961 6661 wesl §6S1 2661 1881 0SSl
whocanserusbrrersrarsborarsenanty R R s e ]
- wW -

- -2°0
- -%'0
- =90

10 1179851 1Y _
oM LLVA v00-61°1 T
= INHIINVHNI X4 —8°0
Y0§01-01 y3d -

40 9E°26S1 LV NOILVIAZQ AIN3NOIYS WV3d ZH 9°0

Zdid 68'% = AININO3W4 OUNESINIIN 0L 'NIW 378VL §L61 6 8

0l Q3Z1TVREON

~01)IHd Y2130

(v0501-01)"0BIH4 VL1307 (V0501

ANZWIINVHNDG XNT1J ADYIND WVI0S V0601

*GVIXNS WLV £q psAagesqo

gBM 9] *qUOAD TTRJ PuUB 9STJI Wmdﬁuﬁmﬁm e ATUTBW SBM JIBTS ﬁomoa...o.m .m.mdam
STUL -ATeqeJnodR UMOUY 30U ST 3y 01 @ATARTAI AJTSUSIUT S3T ngq ‘B1BDP
xotddog g Jo STSUUBYD ISUJO UT JUSPTAS mmwwlm.mmmﬁ qe yesd aaTsTndwL
*fstou utrefe oxem eqep IoTddoq J4H UL +(@S) I £ 266T aeeu pasead
384ng oTpeX zHD $T-2 UL ° 6fM  QON 28 f{Lh@T ‘oN uot3sYy oFeld UIENOW UT
DP29BOOT SeM aIeTJ PH 9yl I 009T INCJEe 3B DPOPUs Pue If) GG4T 03 £GST
potaad ey ut pewesd ‘IN TCGT ¥° Pojse3s (NS) oaeTans Of paieToosse 9yl

oyl

«C)6T ‘6 3snBuy IN 266T JOo @S L) samSTd

JWIL IVSHIAIND

0081 6851 84s1 1581 9581 6661 141 £681 258! 1681

0851

Annstlimnbuocnntoaonabhraandooeoadooodoanra o innd-g°3-

l’-:::..—o..o::.—::-::—.::.:.-.-:::-:.:::—.-::-:—::. :—.:...:.—::.-:Jla.n

10 9£°2661 1V NOLLVIA3Q AJNZNOUI Wv3d 26 9°0
T 08°7 = ADN3NO3Y4 SUNGSINIIN 0L 'NIM IWEVL SL61 6 O

'N]-

NOIIVIAZG AJNEN

69



‘CLET ‘g aequesdeg IO TIQT JO AUBWSOUBYUS
KOTF YOEOT-0T @3ewryse-3seg 01" °andtd

1L TYSHIATHD
Gi8.  yi8., £i8L 2i8l llsl 0ls8l 081 808l L0BI 908 Si8i
lr........_.........—:.:...._........._:......._.........—.........-...3{;3* .O o
235 1792 = MYL 3A11J3443
¢ T30H )
I :
=010
A NG e e h e 8 e e R R R S TR N RN RIS T IR LI AL I 00"
Mmmn . w"mu £.80 2181 1181 0181 6081 8081 1081 9081 mommc
.........,.......:.............._................I................................ ey
- -0
- -0
- |:w.o
- woietiisl L
»<3 moo ve’ w

z .zmzmuz<xzm Xnng —870
Y0§01-01 ¥¥3d -

B R L R - Cierey

g 7]

N 6.°808!
IHW 0761 = u: ML

<Y NOTIYIA3G ADNENOIYS HY3d ZH 670
AY3d J¥S 4 SHITT0D “ld gl61 2 6

ANIWIADNYHND XNT14 AOUINI ¥YT0S YO0S01-01 QIZ]IVWHON
(Y0R01-01) xPWIHd Y1I13Q/(V0E01~01)IHd v1T3Q

*TTI°) 3In8Td 888 *ZHW OT J0J w< 09 SUTZTTEWIOUSI

%9 Q\Apv%q I0J @ouspuadap swWlg ZHW ST oYl SUTSN ¥Bad OQUSURIDBS

03 yged AMM ZHW OT °U3 UO PISBQ SBM 59BWT3S® §V oUl - AJI07eAIsSqQ

¥ead ojusmWBLOEg 09 TTemeH HAMM Uesq aaRy few 31 POUTWIO}SD j0U SEM
®38D Jo Tsuueyd stTy3 ol yyed uwopqefedoad sy Amomv I0 gogT 2e wead og
ZHD §°Q 0% L°Z woay soTousnbaiy pOXTJ 9B DPOAISSqO SBM 2SJNg OTPeT Suyj
L0 TTRT 3% pewead pue I 60QT 4° PORJIRLS UOTUM ¢ (gT4gT uotdey ofeld

UIEWOW) 06 OIS 2€ 2Teriqns A4 quIBI ® poTuedwosoe @48 TTBWS STUTL
*AT03BAISSQ) Yesd OjUSWEIOES 9B ZH.CT UO
€L6T ‘2 xequeadss In 60g9T Jo QIS 6°) °IndTd
3HIL TYSYIAINN

sigl rlal £181 218! 118! 018! 6081 8081 L081 908! 618

e T T T U L L T T

-—_ —8°0-

— -—9°0-

— IQ.Ql

- —270F,
N

- -]
2

- 0703
&

- 3
B

e —208
<

- >
e
Qe

. —y0<

- —970

- -—80

4-...--—-.....-..—.....-.;-—-_-:_.’.—.-.-.....—._...:..—. .--.-._.a.--.-——..-.-.-.—-.-.--.*lc.H

1n 6L°8081
= AININO3YA

1Y NOTLYIA3Q AININD3Y3 NY3d ZH 6°0

ZHK 008! AY3d J¥S 0L SNIT0) L4 £L61 2 6

70



‘TTRMRH JO A3TSISATUQ SUY 4R ZHW § U0 paseq ‘CL6T ‘g Teqwesdss In 2TQT JO ‘9INGONILS SUTF SATSTNIWT ¥Wesu ATUO UL TM SIBTJ

JUSWRDUBYUS XNTF YOEQT-OT S4BWIYSS-q89g 2T°/ oanStd AQE TTewWS LT84 @ ST 4T  *I0 2IQT Te0U WNWIXEW UTEW SY3 YITM N 608T
Tesu yesd JOUTW ® 03 8SOI XNTJ YOLOT-OT SYL MOUS ©IED DSUTQUOD aYL
1L WSHIAINA TQUSAS STUR JoF LsTou suasm eiep 1oTddog 4H Jo STSUUEYD STQRTTBAR TTV
sigl ri8l g£181 2181 1181 01Bl 6081 8081 L08] 908! &08; *67) PINTTL UT SB JUSAS SWRS SUJG JOJ UMOUS ST BIBD JO TOUUBYD pUCDSS ¥
*---o...o‘..-¢<o—-.-.-..oo—o-.-o—-—;-.-‘o.-—‘-.-.—-m.--..-.-—.-.-.-..—.-..-...n—-—3.*”O.o
335 2702 = NVl 3A1L33443 ¥ "TTeMBH JO A3TSJI2ATUN oYY 9B ZHW § UO
£ 300K : €L6T ‘2 asquendsg In 609T Jo QIS TT'L eanSTd

- 1L VSUIAING
§181 7181 §181 cigl 1181 0181 608! asel (081 9081 5081
R - nr..:..:_.:...:._:......._.::..:_:::..._.:....:_.:.:......::.:_.:...:._::....Lla.T

= o

lﬂm:-..:-::-.:.:. ...:.....:....:..-....:-..-::-...:-.-....:...:-HI oa .~

Si81 wiBl £181 2ial 118l 1Bl 6081 808l L081 908! momwo

R T PN 1Y) tvseasntersvencatonsrssnseborgeoang b

- =270

ANZWIAONYHND XNT1d ADYINI ¥VI0S VO0S01-01 Q321 WHNON
(V0801-01) ®0uiMg VIM3A/ (VOS01-01) IMd VATEG

-9°0
10 2872181 LV _
oW LLVA $00-TY° T~ |
= INFWIONVHNZ Xn1g — 870
v0£01-01 My3d -

-0-0..o..-..-.oo.-.oc..o.o.o-:—..-.-:-o..-.-:--::::- -...-..-.-.--.-...-.:.--..o.o..‘l0 ‘1

0 08°8081 LV NOILYIA3Q AIN3ND3I¥S W34 ZH z°0 o A0.00°8081 (v NOILVIASQ ANGNO3MS WYI¢ IHT 'O
ZHW 00°S = AIN3NOIN4 1IVAYH 30 "N 0L IvAvX §61 2 6 DE OIS = ANGNORM4  IIVAWM 0 N 0L TV 661 2 6

71



«£I01BAIBS QO WBOJ OJUsWeIoeS 18 ZHW ¢ UO pasedq ‘CLAT ‘z xequeidsg
I0 #GT2 JO JuSwWeoUBRYUS XNTF YOLOT-OT 93eWrase-48sg  HT°) oamdTd

W11 TYSHIAINN
7512 £§51¢ 2512
4 | [ 0 ' ' 9 Y v v r fao‘o

335 §°62 = nvi 3A11D3443
¢ 71300

ANIWIONYHNS XN ADHINS ¥YI0S Y0S01-01 Q3Z]TIVWNON

10 $9°§612 1v _
oW LLIVA 600-65°9 ~
= INIWIINYHNI Xn1g —870
Y0§01-01 My3d -

. s . e e (]

LN 2078612 LY NOJLVIA3Q AININO3YL AV3d ZH L'}
Zuik 00°81 = ADN3NB3Y¥4  H¥3< J¥S OL SNITI0D L3 L6l 2 &

&

(Y0S01-01) ¥0ulHd Y1130/ (Y0501-01) IHd YiT13Q

“ZHR OT %0 CU3V 0% e3P SU4 BuUT

~-ZTTRWIOUSI PUBR Wesad ojusweades 0% uysed AMM ZHW OT oYl SuTsn Spew SeM UOTY
-nTos ¢V oyl ‘¥ead OUSWRJIOBS 09 TTEMBI HAMM USSq SARY LBW 4T °POUTWISLSP
qou seM ZHW ¢T JoF ysed uotgefedoad oyl *¢T°/) 9InITd UT UMOYS SIB TIUUBYD
puoOas B JOJ s3Tnsad 08 ‘Astou oxam eyep JorTddog J4H SUTL .Ammwv ¥Q #MoToq IN
#GTe Iesu payead pue {GTg 9@ DPo3IelS axelJy LBJI-X 3JoS Y - pojtodas sem
18ang aaeMmoIOTW aaTsTndwr oy *Jood aasm SJIBTJ STU3 JO SWIY Y3 3B SUOTG
~eazesqo TeoTado oya sdeyaed os ‘TN o2z I91JB PUEB IN OfTE oI0Foq PO3SIT
seM  TOIyBd SJBTL ON, 'JUSAD STU) J0J (DS UT pajJodea sem oIeTJ ©H oN

*LI09BAIBSAQ B OUSaWeIORS 4B ZHW GT
uo €L6T ‘e aequwegdes In €472 Jo QdS E€1°L 2mBTd

SHIL WSAIAING

7812 £612 25:2

l+ 1 ] ) L t ' ] 1) _ ] ] ] [} 1 L . ] . *o.

A0 2076812 LY NOTLYIA3G AJNINO3YL HV3d ZH L°1
Tud 00°S1 = AININB3Y¥3  N¥3Id J¥S 0L SNITI0D "Ld 861 2 6

<

o <
NOTLVIAZQ ADNZNO3YS QIZ]IVHYON

o

<
.

72



TEVIANS WLV
£q peaxasqo sem 4sJang ANG TTewS sTyL rejep soTddo JH °U3 UT oSTOU

sTTRMBH JO KQTSJIBATUN 92U} 38 ZHW § Uo peseq ‘CLET ‘2 hwpsmpgwm aq Kew I g €4T2 T93Je PUR IN @ 2S¢Te 910Jeq GT°) S4nSTJ UT 8anjonags
I0 #GTZ JO JUSWSOUBYUD XNTJ VOEOT-0T S3BWIIS3~383¢ 9T°/ SINITd SUTI oYL ‘X0TJ VOSOT-OT 2U2 UT oJngontqs ouTy Teox o3 puodssriod
INIL WSKIAIN I0 L'€ST2 09 @ 2618 woig syeed SIM3onas SUTT eAT oyl §45988us £T°)
c12 512 i n ¢s12 2512 9JNBT4 UT SB QUSAS Sues oyg JoJ ©4ep Jo7ddog JH JO TOUUBYD DPUODSS STUL
[ S T D DL I B [ N B R L _ [ [ ria !
* 238 0791 = nvy m_>:umuuu . / e (TTEHCH JO A3TSISATUN SU3 3% ZHA §
¢ 1300k i uo ‘€L6T ‘2 zequeadas I €4TE JO QS UYL oINS
. -~ . 1L WSYIAIN
§sle vsle £si¢ esie
- - I N Y
- - - —8°0-
- 3
: 5 - -
Nt
> - -
o
-2
?= = —re-
- sz -
W
o
N - -2
- ex ]
>N -
- 8
- & e
T & - :
ay - .
ssie ce 2 o.m.‘
] o 3
T, EX - —p0®
.H -2 mm }
- MW -
..“ -¥0 z - -—9°0
B 10 69°€51z 1y Lo i -
S~ T T T 2H_LLYA 500-0T°T" . - —0°0
= INFH3ONYHNI X014 —8°0 - -
- YOg01-01 MV3d -
- e e

.........-.dlo.~ 4.-...-..._..

9 2 o 8 & ¢ & & O *locw

0 S0°§G12 LV NOILYIA3Q AININO3YA ¥vid ZH 9°0 o NS0 6512 1v NOLLVIA3Q AN3N03u4 Nv3d 21 9°0
ZHW 00°6 = AIN3NOINZ  TvAVH 40 ‘D OL 1VAYN 561 2 6 T 005 = ANNOJ  LIvAWE 20 °N 03 TvIN £LGT 2 6

it

73



*OpPBJICTO) ‘99suUng 1e ZHW gy uo peseq ‘CLET ‘¢ aequeidsy
IN 9T9T JO jJusweduByUD XNTJ VOLOT-OT 93BWITISS-355g QT') 9aMSTd

3KIL YSUIAINN

8i31 £ 181 919l 5191 7191 £191
*-.--c.-¢—-cc-.-con—-.-..-.-¢-¢--.-.-—o-n.-..c*ﬁoO
93§ £702 = NVl 3A1103443
£ 300K

h.l.-lll-jlcnjnll\l-l.\ﬂﬂ'... .........................HIo.
1

0
8191 L191 9191 §191 7191 mﬁow

B L T T T T T

ANSWIONVHNI XN1d ADUINI ¥VI0S VO0§01-01 Q321 TIVHUHON

-9°0

10 1878191 LV _

e LLYA ¥00-8G° 2

= INFWIINVHNZ Xn1g — 870
v0S01-01 Ny3d -

B I K

R a\\\l’ll’

D T S T

40 0678181 LV NOTLVIAZQ AON3NO3YS Nv3Id ZH 970
ZHA (8'y = AJN3ND3Y4 L3ISNNS OL NIVINNOW 378vL §161 & 6

(Vv0S01-01)»oulHg Y130/ (VO0E£01-01) IHd Y1T13Q

(@0S) "IN L'ST9T moqe 9 peyesd 4SJanq OoTpex ZHD OT-2 UL “IA QI9T

0% 9797 xesu psyesad pue N HT9T FNOCE 3B paggels S4BTI O syi - (8042t
28eTd UJEBNOW) #OM E£2N J® D23®00T sBM (NS) 2IeTioqns O pejeToosse Syf
.HN.NL rue m._“m_ meDMﬂrm UT UMOUS 2J8 STaUUBUD JI3(UJ0 OMG WOJILF BIBP q4as
¢fstou sgem Byep aoTddoq 4H 2yj asnedsg ‘g, PUBR T°) SSTARL 938 IN
mow,m 4k JIyjour pur I HO@._” 1B Su0 nmPﬂw>w TTeWS OM] PIMOTTOT Jas STYL

‘'opeJoTo) ‘qasung e ZHW g4 U0 CI6T
‘¢ gequeides In HIOT JO @S LT°L SanBTd

1L WSYIAING

IH L1l 9191 6151 7191 £191
IR R R A R R T T N

- -8

- -9°0-

. ~—70-

- -2'0

<
<

NOLAVIADA ADNBNOZHS Q321

|
~
<

|
-
<

l‘..oocoo-.-—.....-..-_....---—-...-.-.-—

UL I IR I

10 0676191 1V NOILYIA3Q AJN3NOIUS Mv3d ZH 970
D 08°p = AINZNDWY  L3SNNS 0L RIVINNOH IN8VL §161 6 6

74



*£I0BAISSQ0) WeSJ OGUSWRIDES 18 ZHW OT uo peseq ‘6T ‘¢ Jaqueadsg
IN 9TYT JO JUSWROUBRYUS XNTJ VOLOT-0T 23BWL188-383g (g°) 2andTd

3KIL YSYIAIND

8191 918l 7131 2191
L. [ B T O I D R B ) _ [ T T R T T B T ) _ [ T S R T R ] .‘Iil-blﬂo.o
338 7702 = Nvl 3A1L03443 :
£ 7300M ”
- \/ -
- \ -

ANZWIONYHND XN1d ADYMINT HVI0S Y0801-01 Q3217 VHEON

-9°0
10 SL°S191 1V _

W LLVA y00-28°2 .

= INIWIONVHNI XnT3 —870
¥0501-01 M¥3d -

T T e

40 09°6191 LY NOILYIA3Q AJN3NOIYS Mv3d ZH S0
THW 00701 = AON3NO3¥4  Nv3d J¥S 0L SNIT0J “L4 §l61 & 6

01)IHd Y1734

(YO0R01-01)oWiHd VII3Q/(VOE0!

*IRTTWLS 93Tub sxe zz*) pue 02*/ QT L §2a8Td ‘puey JIayjo

eyt uo -eaep geTddoQg J4H ouq UT 9sTou Jo ssneoeq Arqeqoad Isyjoue og
T2UUBYD SUO WOJJ SIABIITP (3)IV UT SIn30NIS SUTF 2yl JO swo§ 'Tg°) pue
LT°L S°a08Td UT se (S sues ayg3 JoJ vyep Jorddoq JH JO ToUUBUD PUODSS ¥

‘Aro9eATeSq) MBI OQUSWEIORS 28 ZHW QT UO
€L6T ‘€ zequwendag IN 9TYT Jo QS AT'L 2andtd
IRIL WSYININA
19t 9181 719! 2:9;
)

........_........._.........f...

|
o~
<

|
~
<

|
-
o

l’ L3 L] L] 9 4 ) L) — ' ' ) ' ' 1) L) L) — + 1 1 ° ¢ t L L} ] dlo.w

. 40 09°6191 1v NOILYIA3Q AIN3NO3N4 N34 ZH §°0
Tus U701 = AONBNO3MA  Nv3d OVS 0L SNITI0D 14 £161 8 6

NOILVIAZG AJNRNO3BYsS (221

75



*£z03BATSSqQ YBRJ OlULWEBIOEE 3 ZHW (T UO POSBg ‘cl6T ‘€ aoquesdas
IN 9T91 JO JUSWBOUBUUS XUTJ VYOSOT-OT 9YewWI48s-189d gg*) 2andtd

JWIL TYSHIAINN
818! L1891 9191 si9 7191 £191
*-o--.c—---v--—..--‘--—o--.-o--..-.~ﬂ+a°-°
33§ 2702 = nvl 3AT103443
£ 300W

Fotro
—_—
1

-~ -

M lﬂpllllnl:i-ll) ”

l"o- 9 % 0 & & 00 08 T 0N YR RN L I I I R I O B I A B A B A N B AR S B ] -“'OO-“

81st L181 9191 5191 p191 m,m:

-'......'...........................................f‘l .o

- Vs

\l(

- -20

- —-50

o gt -

- IIIS/ . -9

- —— 10 1876191 1y _

_ haa 2 LLVA 700-86°2 ~ .
= INFWIINVHNI Xn14 —8°0

- VOE01-01 ¥¥3d =

B I Ry

10 £7°S19l
Zrd 00761 = AIN3NO3IYS

LY NOILYIA3IQ AON3NO3Y3 %v¥3d ZH L0
Hv3d JVS 0L SNITT0) “L4 §L61 & 6

ANBWIONVHNDG KN4 ADUINI ¥VI0S VOE0L-01 QIZ]IVHAON
(V0£01-01) 50uIHd VLT3Q/(VOS01-01)IHd VL1I3Q

Xew
FV/(3)3V °u3 ulTM I9PT

Xew
‘ZHW §*f J0F

2an3Td UT UoTINTOos @V =yl
uaaq aa®vy Aew 4T

*£I09BAIOSY0) MESd 01USWEIDES 2e ZHW GT UOQ DPaseq
fCLAT ‘€ asquegdag In GTOT Jo @S 1274 2andTd

3WIL WSYIAINN

8191 L1981 918t 5191 7191

IV 04 peozTTRWIOUSX Tg°/) SIndTd Jo
nog 7' yged TEOT3ASA ZHW Q' SU3 UO peseq ST 22°)
* RI09BAISSQQ Wedd OjUSWEIOBS 09 TTBMBH HAMM
*PUTWI18P 30U sem zZHW T Jof ysed uotqefedoxd syg

8181

NN R R R N A N R

*-o......—-o.-.-.—-.. .

10 §7°S191 LY NOILYIAIQ AJNNOIMY Hv3d ZH L0
D 00°61 = ADNINO3YS  MY3d IVS OL SNITWI "14 6161 § 6

=l

—9°0-

—p

|
(]
<
NOILVIASO ADNBNOZYA GBZ

|
-
=y

-..—-..-....-—cn......c*lo.ﬂ

76



"EL6T “f asquesdeg In gHEO

JO JUSWedUBYUS XNTJF VOLOT-OT 97BWILSa-9sag :N.N. sangtTd
3WIL TYSHIAINN

¥56 £56 ¢56 166 (G6 6v6  B¥6 V6 9v6 596

L..........—.........—.........—........._........L........._.........?........_....:2.?1"u.u

)35 P61 = vl 3A113443 u
§ 30k
ATTINNCS CRIYTCaNIlN:

?
~

oo

<
<>

Hlll —~— — H
- /l/ -
- / -
Iu:::......:.:....::.................:........ ...............:.........................HIoo.M
¥S6  ES6 266 166 (S6  6Y6  8y6  L¥6  9¥6  S¥6  P¥G.
we esevereafonnarvessbecacaoncabon D T T N ...\vll...!llllo o
- —-270
T —-%°0
- !Illll -
Rty .
- ~ —-970
- ~ 10 Ly 8Y6 LY _
~ 2 LLYR ¥00-2°8
- = INIWIINVHNI XnTg — 870
- YOSO01-01 X¥3d -
BT R T R P T R Y PP TP oy R |
10 927096 LY NOILYIA3Q ADNINB3IYS W¥3d ZH 0°1
ZHA 08y = ADNINB3ES  83LSIIIT 40 ALISYIAINA §L61 ¥ 6

it

11208 Hd V1

INIHIINYHNI X074 A$83N%
{v0g01-0 3

*UOTARIPRI 2JBTJ VOLOT~OT @ua ut syead sanjonias

auty Agq pasued aae A8yl ‘-e°°T ‘TeSX BIB IN ghé0 03 460 woxF FV ut syead
anoy syl - (@DS) In gr60 sesu pewesd g4sang oTpes ZHH TI~Z SUl "IN 6#60
aesu paxead pue ‘IN 9H60 INOQE G DPItaels € (OTSST "oN uotdey 9FeTd UIBWOR)
6T HIN 3€ p23e0OT Sew oIeTFaqns O 3yJTIQ P2IBTOOSER SYL °UBDS JI998BJI
IT9Uq1 JO 23pa 3yl Jesu juawrgadxe paeateld WIV auaz £q paaxesqo Arrerarded
SBM 9IBTF STYL STSUUBYD 23JY3 UO PUBRTIUY UT PIAILSQO SBM QIS 9O0TU STUL

*EL6T ‘q aequendsg In gn60 Jo Q48 £zt L oamB8Td

WIL TvSEIAING
756 £56 256 166 086 6v6 876 Lye 976 $76 1243

lr::::_....._.:..-::..._._:_..:-:::_.__:_:_:._::._..._::...:_::.::_::::T’Iu."..

|
-
o

'

|
o~
<

NCILIYIAZQ AONINOI¥S J3ZIMYHUIN

|
-
<

-390
- —8'0
I‘L:::.._..::.:_:..:.:_...:...._:::.._—__:_._.____:: -__._......_:_..:.._:._:..Jlo.~
. A0 ¥EULYE 1Y NOILYIAZQ ADN3NOIUL Wv3d ZHE']
IHA 08°y = AON3MOZYS  ¥3iS3I137 40 ALISHIAING §.61 7 6

77



+CLET S asquedes I €0ST IO JUSHOOUBYUSD
XTI YOLOT-0T 94BWL9S9-983g 9Z*, 2an3td

3WIL TYSHUIAIND

916! pISl 2i8l 0181 808l 9061 w0SI 2061 (Q0Sl @&yl 9sy!
-r........—........._........._.._...:._.........n........L...:...._..:.........:...._::.1!ao.u
J35 9768 = Nvi 3A1103443 }

¢ 300K 4

“l'b'lltllul?\l Ilalli.l!l(i-'lll -
ho..‘....--o.o.o.ocvovconaonnuao.v......-.-..--..o-'-.o-o-..- --.-.-'-.--.-‘.O---‘--H.°°-”
318l visl 2161 016l 8061 9061 w0S! 2061 0051 8Syl 957!
’.................................2.......................................................ch.‘\lolo o
- ~-2°0
- -7’70
= 970

10 6872081 LV _
2H LLYM 900-90°7 .
= INFWIINVHNI Xn1g — 80
¥eg01-01 My3d -

1N 29°2081 LY NOILYIA3Q AIN3NO3YS MY3d ZH 7'
I 00°G = AININOIY3S  Hv3d IvS 0L SNITI0D ‘L4 €61 ¢ 6

ANBWIONVHND XN1d ADYWINI UVI0S V0S01-01 QHAZIIVWAEON
(Y0S01-01) 50W]Hd YIT13A/ (¥0S01-01) IHd YL3Q

Ammmv ssTousnboxl gemoT ay3 ueyl I99eT BuTryeed ArTessusd setousnbaag
ISUBTY Sy} YFTA TN £ 90GT 0% TOST woxy d8uex zHH ¢T-Z 2Uy3 UT Jdyjoue

09 Aousnbaxl SUTAISSHO DPOXTJ QU0 WOIJ DPOTIBA ASING SABMOIOTW YL JO

swty yead oyl *IN LOGT 0% £06T s8uex sys uT aioymsuos pesesd pue Jn 65HT
Te3U PILIEqS UDTUM ¢ (QTGST o88Td UIeWOW) QTE <IN 9B axetiqns f quStaq
B patuedmoooe 1T WLV £q poagasqo qou ATquaxedde sem Q4SS SOTU STUTL

‘EL6T ‘Hq aequegdas In €OST JO QdS G2 2anStd

3WIL TvSy¥IAINN

gi6l risl ¢lisl 0181 80s! 906! 7061 2081 0081 :17 A% 96P!
derensnndhirenenhiobonamadbiahiss ool e b =9 -
—_ —8°0-
- —g-
©
- ~
{.Q......—..Q..Q....n......o..o.-.-..-—o-—.--.—-..-.——..—--..- .-—---—--—--.--.—--..--{Q-n
10 2972061 LY NOILYIA3Q AIN3NO3Y4 NY3Id ZH ¥°!
ZHW 00°S = AIN3NOIYS  NV3d IVS 0L SNITW0D ‘LI Sl6l v 6



cOpeIOTO) ‘Bangssussy B ZHW Q' UC peseq ‘CLAT ‘¢ xequesdss In ZEQT Jo

QUSWOOURYUS XUTJ YOLOT-OT 21BWTLS3-285g @2’/ oI0ITd

3WIL WSHIAINR
6e8l 7881 ££81 2881 1881 0881 6281 8281 (28]
koo.-.--.---..-c—-c-..-——.oooosccc-—..—-.q..-—cc‘.¢.o¢o--‘-.-~_-Q-—-i”Q-O
335 6722 = NYL 3A1L03443 ’
§ 300K

¢
bl

- ')I.I

ANt Et e h e rr e st ant ) ...............................Hloo.—

568, 781 £661 2881 1881 0681 6281 8281 L8l

.l!........................................................................rvw.lxl 0

- = -
- -2°0
e

™~ -

2N

- - ) -9°0

- N L0 Ly°2s81 Ly _
- " 2W LLVA #00-§P°2 ~ .
= IN3WIINVHNI X013 — 80

. v0501-01 WY3d -

A0 L1708B1 LV NOILVIA3Q AIN3NO3YS M¥3Id ZH 971
ZrW 08°7 = ADN3NO3YS SUNESINIIN 0L 'NIW 378YL §L61 S 6

ANZWIINYHNG XNd A9M3NI UYTI0S YO£0(-01 Q3Z2]IVHNON
(VOE01-01)¥0®WiHd V1T30/(V0801-01) IHd VLT3

*(@S) sSuex zPp GT-g °U2 UT sotousnbail 3® In

G*TEQT 02 0£QT woaF pasesd qsanq oTped YL “IA wEQT 1933e Suryesd pue
Q2QT °8I0Joq Sulqaeqs ¢ Tosged oIeTd ON, JO Spotted ussMidq DOAISSGO SBM
oxeTF oYl - (QTGZT °8eTd UYeWOW) HOH T[IN 9B Do3eO0T SBAM pue L3TSuUSqUT
TRULIOU JO SBM SIeTJONS O 8y, *oOSTOU 3¢ 07 POIIPLSUOD o9 PTNOYUS TOUUBYD
Tey30 AUB UT DPO3BIOQOIIOD J0U S9INGEDT 9INJONILS SUTT 950UL T L-62°L
S2an8Td UT UMOYS OSTe oae 818D (S JO STaUUBYD TeBJI2A2S *ASTOU SI8M SUOTY
-eazesqo JoTddoq JH UL CWIV £q POAILSQO sem 1sand ANH xSTdwoo Treds STUL

ropeIOTO) ‘Fangsseusady e ZHW g f uo
‘CL6T G aequegdag IN OEQT Jo dS L2t ) em3Td
WIS WSYIAING
5681 7581 §681 2881 1581 0581 6281 . 828! 128}

N I N I I U L O RN IR e

|
|
o~
<

—_ —2'0

|
<>
=
NOILVIAZG ADN3NOINS Q3ZINVHUON

|
|
-
o

4.-...-..-...-...-.—-.-.-..-—.-.--‘-—-.--. -—-...----.-—..-...--—.-.d‘o.w

L0 L170881 LY NOILYIA3Q AIN3NOIUS %v3d ZH 971
IHk 08°F = AININO3ES SuNAS3INIIN 0L 'NIW 36VL £L61 S 6



“TTRMBH JO £4TSJI9ATUQ 2U3 38 ZHW § UC Paseg ‘S/ET ¢ Taqueqdsag
I £EQT JO JULSWSOUBYUS XNTF VOLOT-OT °FBWI3Se-153g 0F" SIMBTA

3WIL YSUIAINN

sg8:  pg8l  gg8t  2s8f  1§BLT 0S8l 6281 8281 .28}
Fa-.-.-a—¢--.--—.-—-‘-o-——-.-.-.-.--.-o...-—..----—..---;-—-...1ﬁﬁ-m
335 9°§2 = VL 3A1103443 :
§ 13004 3
= =010
b9 -
h..c.-oon-o-oooo-o-oo .--.-.-.-..--.-..--o.-..-..o-.-;.--;.-----HlOO-ﬁ
Seel  vesl  seel 2l 1g8l  0gel 6201 g2l 1281,
- -2°0
- —-7°0
u,;::, T
- No ) -9°0
- Navg 10 §6°2681 LV _
- oW LLYA $00-90°¢~ .
= IN3WIINYHNI Xn1g =80
- Y0S01-01 %y3d -
R R R RER P !
i0 0§°0£81 LY NOILVIA3Q AININOIUS WV3d ZH ¥°0
ZHW 00°S = AININOIY4 TIVAYH 40 "N 0L IVAYN £.61 G 6

a

ANIWIONYHNI XN4 ADYINIT YYI0S V0S561-01 Q2] IVHEON
(V0S01-01) %0wIHd Y130/ (VOSO0L-01)IHd V1T3Q

Sutdres syj anq ¢, orporasd Tsenb, °94nN3oNIQS SUTJI SYT TLBD PTAOM SWOT

‘asJanq 9yq Jo stsATeue Teajosds JoTanod

e ut syeed yeem Agea UT s3InSaJ syeod eanjondis SUTJ usemlsq Juloeds
*a.ang

—ONIYS SUTLF OUYJ BATOSSI 09 ST 13T FTROTIFTD 2a0W SYq st *¥Wzy zeTTewWs ayy,
*I9PTNOY JB3U UBYYG TTEMBH Ul JaTTews Jursq JV uT peansad sT3ur UYITUSZ
TeTOS USTY Surpuodssriod Syl PUBR WY T80T JISTTIES oYf °S$109JJ9 oJeTJ
JABTOS 3UJ 07 PIjBTSIUN SUOTIBTIEA OTIUdSOUOT TBOOT 03 anp BABP S4NGSoU8y
9Ug uT (9)JV UT TTOMS ® woJJ 3Tnsax £ew g€+, pue of:/ saanS1g Ul ueyy [STAUR
SIMBT UT I9USTY ST I OEQT Ieeu ¥®Wey/(2)@V gqeuy 9oy ouy +2C+) puR 0G°L
soun8Td usemjaq AQTIBTTWIS SYJ 930U ‘puey AoUjo auy uo -TE°J oan8td UT J0

‘lz*) °am3Td UT 4eUy WOIJ SISJITD SAOQE SINJONILS QUL dU7 JO SUOS 28] 930N

‘TTeMEH JO A4TSISATUN Y1 48 ZHK ¢ U0
‘EL6T ‘¢ aequendas In 0E£QT JOo @dS 627 2anSTd

JWIL IVSYIAING
5881 7881 £881 2681 1681 0881 6281 8281 Lesl

L.........._........._........._........._......._._........._...................fo.T
- -89
- -9°f-

-— -

-2

=3
(=3

NOTLVIAZG ADNENOZUS (32

4....-.--.—..-...-.—---..-.--.-..-—-..-.o ..—......-..o-..-.-.-_-.--.-.1o.~

10 0§ °0E81
= AIN3NO Y4

1¥ NOLLVIA3Q AIN3NO3JuS %v3d 2H 7°0

I 00°S TIVAYH 40 "N 0L IvnvX §L61 & 6

80



r£I09BAISSQD BAJ 04USWRIOBS 9B ZHW 4T Uo paseq ‘ELET ‘¢ Ieqwesdss
I0 €€9T JO qUeWRDUBYUS XNTF VOELOT-OT @jewiases-gsad 2¢°) san3Td

WIL TYSY3AINA

9§81 G681 981 gE8l 2881 1§81 0881 6281 8281 L[28) 928!
*n---.----.-.n--a-.-cc—u—-.caco—-..--o--.‘--.-ccuoo-.-—-o.-.-—o-o--..o—.--.; ﬂo .o
335 8°22 = Vi 3A1LD3443
§ 1300w
- Zo1v0
h.‘.-.l.-.‘.-y-ﬂ.yga -.o..-..o-...-.o--.-.c.-..-.‘-..---‘..-ounnocq-qnoq--ml °° -ﬁ
981 Seel vel ol ael 6ol 06l 628l sl L28) 9Bl
- -20
- —7°0
- 970

10 2672881 1Y _
2H LLVA 900-29°2 ~ .
= INIWIINVHNI Xn13 =80
v0§01-01 ¥v3d -

Sty o
P ‘JI"'I.\'

apw ecsectcegrarieierrgrratassasgane

ih §1°0£81
ZrW 00°61 = AIN3INO3YJ

LY NOILVIA3Q AIN3NO3Y4 4Y3d ZH 8°¢
A¥3d J¥S 0L SNIT0) “1d €61 S 6

ANIWIONVHNT XN ADYINT ¥VTI0S VO0R01-01 QIZITYWEON
(Y0801-01) ¥oWIHd Y1130/ (VO0S01-01)IHd VAT3Q

FIe

0 quepuadepuT ATOATYETSX oa8 F9°L ueyq Io9J0US SOWTY UGTM STTRF IO SOSTI
SATSTNAWUT TenpTATPUT JO SZTS oYl ¢339 09 TeuotTitodoad AT9SISAUT SaTIBA LC° )
-2€7 ), seanBtg ur *®Yey ySnouay -g€-) omBTL UT S3TNSeX oy} URTM LTESOTO
sexde (U)g pue Ang%mb Jo sTopow [TL6T] @olfasueg pue BILTH UL ug paseq
LE* ), 2an8Td UT S3TOSSI 8V SUj eUY 930N  CIOPTNOH JBOU ZHW Q' IOF IV o3
1€, san¥14 ut xm&w<\ﬁpv%< Sutzrrewtouas pus yyed ZHW g'f SU3 JFuTsSn opew a4
SUOTINTOS 3V YL - AJOIBAISSQO) ¥BDJ OUSWEIORS 05 TTBMBH HAMM uoaq 2aey LeuU

1T cpauTwaslap ou sem yged uopyededosd ayjy ‘puBy J9YQ0 BYL UQ .Axms%q
I9FJBT) SINIONILS SUTF oYy 189q smoys egep xetddoq JH JO TOUUERYD STUL
*AI09BAIDS ) YBI 0jUdWeIdrS 18 ZHW 4T UO
‘€L6T ‘g aequendag IN OEQT JO U4S TE°L PandTd
W11 VSY3AINN

9881 6681 7481 £861 2§81 1881 0881 6281 828! L28! 9281
duocechmmdoornonbioooolabinborod oo ool s 074«
- —_ 0
-— -—9°0-
- —_p 0
- —2°0¢,
C 3
[
&
é
<
—208
<
3
—p 02

—3°0

- -8

l*u:::..—.-:::._:::.:_:.:_-:—:.:...._::..: —...—:.:_.::...._.-.:..:“:::.-Jlo.~

40 6170881
ZHH (0°S1 = AIN3ND3Y4

1Y NOILYIA3Q AIN3NO3¥4 dv3d ZH 8°¢
H¥3d IVS 0L SNIT0) "L4 €161 & 6

81



*§99BJI SSOT UOJILD9TP OTIYISOUOT MOT UO pase(
I0 £EQT JOo jusweduByUS XNTJ VOLOT

-

®
Il
AP OOR00E 000 IEINRLIEEIIRITINIY

9g81 SE81 g8l  ££8!

srsticasaseastan

“mireserartons

e sesasgeseaareei gl arasegrey

3HIL YSH3AIND
9581 6681 pEBl £EBI  <EBI

*:::..—...:::—.:::-.—...:..:—-..:....-........._-..:....—...:::......::u...:.ll ﬁo .o

J3§ 2728 = Nyl 31103343

§ 300K

sevand

i 8170881
Zhld 00761 = ADNINOIYS

&t

288l

1£81

1681

0681

0¢8!

6281

6281

‘LT G asquendsg
-0T 2UL +H®E'L °mBTd

8281

828!

128}

.

R Ly Y R R TR Y TR Y T

1281

101672881 1y _
24 LLVA 700-26°1

9281

90

= INFWIINVHNZ Xn1g =870
v0§01-01 %3d -

g e )T

LY NOTLYIA3Q ADN3ND3Y¥4 NY3d ZH 8°¢
A¥3d IVS 0L SNITM0) "Ld §L61 S 6

*S99BI S5O0 U0JIZ09T® OTJIsydSouoT MoT AJea Uo paseq ‘€JAT ‘¢ xequeydsg

L0 €6QT Jo juawsoueyus XMTJ VOLOT-OT UL €¢°) 2andTd

Il IWSHIAIND
9881 sg8l vEBl ££81 2¢81 1§81l 08Bl 6281 8281 L[2B] 928

LJ.::.:—.:.:.:.:-.-..-—:::..._.:......—.........—:.....:_...:...-..:.::._...::1l ﬂo .o

23S 9°6% = Nvl 3A1LI3443 i
v T300K ;
, / .
N !
g - ro-
] - -
mm - .
fvio i -01°0
mx»
o
b}
SX
a5 -
£ _
w -
2%
| -
%3
m - -
mer
e - -
2> = C
QI T -
J—" L-.o..-.-‘-..on-. SANRRINNRINY AEORIEBNCEERIDRIBIN SRRSO AL -.-o.--.-o-.---.-‘.---—-.-rOO.—
Cf 988l sE8l  vsBl 681 2gel 1§81 0Bl 6281 828l .28 mw?
et hd -
L .
Za ~ -270
B - -
m>
z - -0
- - -
- -9°0

10 2972881 Ly _
o LLVA p00-S9°1 ~
= INWIINYHNI Xn1g — 870

Y0§01-01 M3d -

e 7]

agmessescosgrercerarsginrsaccasgeonlasaprersirtiagiirsessaegreitrisesgerrieivasgen

10 §1°0881 1Y NOILYIA3Q AON3NDIYS Nv3d ZH 8°¢
Zeid 00°61 = AININDIYS  NV3d IVS 0L SNITI0D "l EL61 S 6

ANSWIONVHNI XNNd ADUINT UVI0S VO0S01-01 Q3IZ]TIVWHON
(V0S01-01) *0WIHd Y130/ (V0801-01)IHd Y113Q

82



"837BX SSOT uouj3oare orasydsouoT YITy Laoa UuO paseq ‘CLET ‘¢ aoqueadsg

IN €EQT Jo JusWLOUBYUL XOTI VOLOT-OT oYl 9f'L 2anSTd
K11 IVSHIAINN

9§81 SE81 vEBl §681 2681 1§81 0§81 6281 828! (281 9281
k-‘o-.o.—.--..-.—.—--.-..—-----—-.--.-.--.-o-—.--.o-.-—..----—-o.--..—-*c‘i ﬂo .O

33§ Uil = Avi 3A1L03443 :

L 13004 i
- =010
?3.3;!; o.-o.-.o.--....-..-...--.--.-o.--o-.-o.--....-.---w°°.w
3se1 se8l veel 681 2681 1681 068l G281 8281 L26 9281,
- -2°0
- —v°0
- —-9°0
- LN 262681 LV _

- 2 _LLYA 700-£0°G

= INJWIINYHNI Xn13 —8°0
Y0501-01 Wy3d -

Il'-."’llll'

@ ssratiasgreseuraargrensrenar

1Y NOILYIA3Q AIN3NO3YY W¥3d ZH 878
A¥3d 2¥S 0L SNIT0) "L £L61 6 6

10 s1°0881
ZHW 00761 = ADN3ND 34

s

ANIWIONYHNIS XN1d ADUIND dV¥I0S Y0£01-01 GIZ]TVWHON
(VOS01-01)=0WIHd Y1730/ (V0G01-01) IHd Y1T3Q

“s$9qBd §SOT somvouam otxeydsouot yIty uo peseq ‘CLET ‘¢ toqueydes
IO £€QT JO JUSWRDUBRYUD XNTJ YOEOT-OT oul GE') 2am3Td

3WIL VSYIAIND

9681 GE8! pEBl §E8! 2681 1EB1 0§81 6281 8281 L[281 9281
*.--.-—oo-.--c---04-—-..---—-.- -.—---—--—.-..-.‘-—.-o.--.o‘-—-.—..--.-——1MO.Q
235 1791 = AVl 3A1L03443 H
, 9 300K ;
- \ -
- 4
H
- =00
-H.l.ﬂl.l:'.l.:-.lq.—;;ii R R N N Y NP N T RS TR IY R I RT] 00°1
3881 S8l vell G681 2Bl 1681 0881 6281 8281 28l %281
- -2
- —-p0
- -9
. 10 2672881 Ly _
2H LLYM 900-29°¢ ~ .
- = INIWIINYHNI X714 — 870

Ty R oy ey |, s

@ ere s e sganaesiiegerriananags

Y0£01-01 dv3d -

1Y NOTLYIA3Q AON3ND3Y4 %v3d ZH 8¢
A¥Y3d J¥S 0L SNITT0) “Ld4 §£L61 6 6

in §1°0681
ZHW 00°S1 = ADNIND3Y4

ANBWAONYHNT XNd ADYANS HMVI0S V0£01-01 QIZITVHNON
(Y0S01-01) xouINd Y113Q/(Y0E01-01)1Hd VY1T13Q

83



"S39BJI SSOT UOIL09TS OTIaUdSOUOT 8y)
Jo sTepow sl usueg-vITH U0 pPaseq ‘6T °C Toquaidag
IN £€QT JO quUsWSOUBYUS XNTJ VOLOT-OT UL LS/ aIndTd

W14 IVSHIAING
9E81 6681 vgBl £6B1 2681 15810 0§81 6281 8281 (201 928!
*-..ooo-—--o-ea--.-—.--—.-..-.-—.-.----.---.-—oo...o.-o—.-.-—.-—-.---...-..-1 na .O
35 §£°62 = NYI 3103443 ;
2 T300W Y138 YHAY ]
33ryINVE-YYLIH Q3LYT0dHILN] i

l.-l.v:.::.-.::.:: eee L R R NI NN RN AT ...............Hl 01
|

0
9881 SEBl yeBl €681 2681 1§81 0881 628! 8281 [28! wwm

e L R T T P O LT P ERTS FYPRTT R R PRI

ANIHIONVHNI XN1d ADUINIT ¥VI0S VOR01-01 GQIZIIVWNON
(Y0S01-01) %oWlHd VLIT3Q/(VOE01-01) INd ¥Y1T13Q

-9°0
10 2572881 Ly _

M LLYA p00-0v"2 ~
- = INIWIINVHNI X013 —8 70
VOS01-01 %¥3d -

iN G1°0681 LY NOTLVIA3Q AONINO3YS N¥3d ZH 8°C
Ik 00°S1 = AININO3YS  NY3Id I¥S 0L SNITT0) "L4 6161 G &

84



8. OBSERVATIONS DURING THE SECOND UNMANNED MISSION OF AT ATM-SKYLAB

The Tast ATM film observations of the second manned mission (SKYLAB III) were taken on
September 21, 1973, and the first film observations of the third manned mission were taken after 1900
UT on November 26, 1973. Because the SFDs observed in Boulder on November 26 occurred before 1900 UT,
we have designated September 22 through November 26 as the second unmanned period of ATM observations.
Some ATM observations were made during this period, e.g., by Harvard's experiment; however, it is very
unlikely that ATM observations were made during the impulsive phase of solar flares.

The SFD observing times at Sacramento Peak Observatory and at Boulder are shown in Figures 8.1
and 8.2, respectively. The Boulder data were lost on October 8. The Tevel of solar activity was quite
lTow. The daily average 10 cm flux dipped below 80 to nearly sunspot minimum values from October 9
through 20, and from November 4 through 20. Relatively few solar flares occurred during the second
unmanned mission. The few SFDs observed are Tisted in Table 8.1. A1l of these SFDs were small or of
poor quality; therefore A®(10-1030A, t) was not computed for any of the events. In general the SFD
observations in Hawaii were better than at Sacramento Peak and Boulder for this period. It is very
fortunate indeed that no manned ATM mission occurred during this period so barren of solar activity
of terrestrial significance.

WWV Sacramento Peak Observatory
HF Doppler Observations
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Figtllre 8.1 SFD observing time at Sacramento Peak Observatory
during the second unmanned observations with ATM.

Clear areas indicate good observations, dotted indicate re-
duced sensitivity, solid line indicates no observations.
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Boulder HF Doppler Observations
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Figure 8.2 SFD observing time at Boulder, Colorado during
the second unmanned observations with ATM.

Clear areas indicate good observations, dotted indicate re-
duced sensitivity, solid line indicates no observations.
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9. (OBSERVATIONS DURING THE THIRD MANNED MISSION OF ATM-SKYLAB

The third and last manned ATM observations (SKYLAB IV) spanned the time from about 1900 UT
November 26, 1973, to February 3, 1974, for the photographic recordings. The level of solar activity
was low. The daily average 10 cm radio flux was below 100 radio flux units during this entire
mission and dipped below 80 to nearly sunspot minimum values during the periods December 4 to 16, 1973;
December 29, 1973, to January 9, 1974; and January 24 to the end of the mission. Relatively few flares
occurred that were large enough to cause detectable terrestrial effects. The short daily observing
period at northern latitudes further reduced the number of SFDs detected at Sacramento Peak and
Boulder. See Figures 9.1 and 9.2. The detected SFDs are listed in Table 9.1 and the computed
10-1030A flux enhancement in Table 9.2. Many of the SFDs detected during this period were observed
at the University of Hawaii, where the daily observing period was significantly longer than at the
other observatories and the mid-day solar zenith angle significantly smaller.

The Boulder and Sacramento Peak data were poor in quality for most of these flares. Consequently,
the EUV flux enhancement was computed only for the flare of 2334 UT December 23, 1973, shown in
Figures 9.3 and 9.4, which was well observed in Hawaii.

WWV Sacramento Peak Observatory
HF Doppler Observations
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Figure 9.1 SFD observing time at Sacramento Peak Observatory
during the third manned observations with ATM.

Clear areas indicate good observations, dotted indicate re-
duced sensitivity, solid line indicates no observations.
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Boulder HF Doppler Observations
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Figure 9.2 SFD observing time near Boulder, Colorado during

the third

manned observations with ATM.

Clear areas indicate good observations, dotted indicate re-

duced sen

sitivity, solid line indicates no observations.
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TABLE 9.2

THE IMPULSIVE 10-1030A FLUX ENHANCEMENT DEDUCED FROM SFDs DURING THE THIRD
MANNED MISSION OF ATM SKYLAB

Number of
Channels
. of SFD Data Start Peak
Date Analyzed To Time Time A§*(10-10304)
1973 A% (10-~10304) UT uT
December 23 2 2332.2 2333.9 1.57x10_h

* A®(10-1030A) flux units are Watts m-2.

10. DISCUSSION

The SFDs and estimates of 10-1030A flux enhancements reported here provide information on the
impulsive EUV flare emissions before and during the ATM-SKYLAB observations. Hopefully these results
will be useful for studying the impulsive flare emissions and the relation of these impulsive
emissions to the slower soft x-ray emissions. These results should also be useful as background
information to scientists studying the ATM observations of the evolution of active regions and the
flare productivity of these regions.

The level of solar activity was relatively low during the ATM-SKYLAB missions. The 10 cm flux
was below 100 most of the time and dipped below 80 to near sunspot minimum values frequently during
the last manned mission. Consequently, the frequency of occurrence of events was lower than during
most of this sunspot cycle. Fortunately, a good solar rotation of flare activity was well observed
with ATM experiments in early September during the second manned mission.

AT1 the EUV bursts observed via SFDs during the ATM cobservations were more than an order of
magnitude smaller than the largest events observed from September, 1960 to July, 1970. However,
several nice medium-sized EUV bursts were observed via SFDs. Some of the events had extensive fine
time structure or were quasi-periodic (e.g., 1411 UT June 15, 1973; 2153 UT September 2, 1973; and
1830 UT September 5, 1973). Considering the high spatial resolution and extensive spectral coverage
of the ATM observations, significant advances in our knowledge of solar flares should be obtainable.

Further information on the SFD and 10-1030A results for particular events may be obtained by
writing to Dr. R. F. Dommnelly, Space Envirowment Laboratory, NOAA Envirowmental Research Laboratories,
Boulder, Colorado, 80302, USA. The absolute accuracy of the 10-1030A flux enhancement varies from
event to event and during events, but is generally about a factor of four. The absolute and relative
timing accuracy also varies from one event to another and from one data set to another. When the
ATM data are analyzed to where the flares observed during the third manned mission are known, it may
be possible to obtain further information on the corresponding SFD observations in England, U.K.,
Alabama and Hawaii, USA.
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