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SOLAR X-RAY MEASUREMENTS FROM SMS~-1, SMS-2, and GOES-1
INFORMATION FOR DATA USERS
R. F. Donnelly, R. N. Grubb and F. C. Cowley
’ Space Environment Laboratory

NOAA Environmental Research Laboratories
Boulder, Colorado 80302

Solar broadband X-ray measurements in the l_4 A and
1-8 A ranges from the SMS and GOES satellites afe described,
including the following: time coverage, detector transfer
functions, solar spectra sensitivity, in-flight calibrations,

and intercomparisons of concurrent measurements from the SMS-1,
SMS-2, and GOES-1 satellites.

1. X-RAY MFASUREMENTS OF THE SPACE ENVIRONMENT
MONITORING SYSTEM

The Synchronous Meteorological Satellites (SM3) and the Geostationary
Operational Environmental Satellites (GOES) include the Space Environment
Monitoring System (SEMS), which consists of three types of measurements:
energetic particles, magnetic field, and solar X-rays. The X-ray measurements
are described here to provide technical information to those using these data.
The SMS5 and GOES solar X-ray measurements are available in real time and in
five-minute averages for the preceding 32-day period from SELDADs (Space
Enviromment Laboratory Data Acquisition and Display System) through the Space
Environment Service Center, NOAA, ERL, Boulder, Colorado 80302 (Williams,
1976). Older data are available from World Data Center A for Solar Terres—

trial Physics, NOAA Environmental Data Service, Boulder, Colorado 80302.

The SMS and GOES satellites are geostationary and spaced in longitude
over the American hemisphere. The satellites spin at approximately 100 rpm,
The spin axis is nearly perpendicular to the equatorial plane. The X-ray
detectors scan the Sun once per satellite rotation (v0.6 sec.). The data are
filtered and a sample is transmitted to the ground about once every three
seconds. A stepping motor adjusts the elevation angle of the detectors with

respect to the plane perpendicular to the spin axis. This angle is adjusted



slowly during the year to correct for the seasonal variations of the angle

between the Earth-Sun line and the equatorial plane.

Because these satellites are in the high~energy particle environment of
the magnetosphere, a magnetic broom and baffle collimator are used to reduce
errors in the X-ray measurements caused by energetic particles. The detector
response to particles is sampled just prior to each observation of the solar
X-ray flux. The X-ray measurement is made by subtracting this background
level from the total response when the Sum is being viewed. This subtraction
is done on the satellite, and the difference is telemetered. Several measures

of the background noise are also telemetered (see sect. 4).

The X-ray detectors are simple ion chambers as described in Table 1.1.
Two channels are used, namely %wA A and 1-8 A. These wavelength bands were
picked because full disk measurements at those wavelengths provide extremely
sensitive data for the early detection of solar flares (Donnelly, 1968) and
because the measured fluxes are directly applicable for computing D-region
sudden ionospheric disturbances (8ID), e.g., short-wave fadeouts (SWF). 1In
order to provide a large dynamic range and high intensity resolution, the
electronics that amplify the weak current output of the ion chambers use four
gain ranges, where adjacent ranges overlap slightly. The instrument auto-
matically switches from one range to another according to the X-ray flux
intensity. The ion-chamber output level where the electrometer switches to a
lower gain range is offset with resfect to the level where the system will
switch back to the higher gain range in order to avoid repetitive switching
betwéen ranges. Systematic errors occur in the data for each switch in ranges
because of electronic switching tramsients (see sect. 4). The overall SEMS

instruments are described in greater detail by Grubb (1975).
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Table 1.1 General Chavacteristics of SMS/GOES
X=Ray Ion Chambers

Wavelength Band

7hA 1-8 A
Beryllium Filter Window
Thickness, m 5 x 1074 5% 10
Area, m’ 5.8 x 1074 1.9 x 10~
Weight, kg/m?: SMS-1 0.939 ~ 0.0872
SMS-2 0.929 ) 0.0891
(irf‘ﬂ*‘égi‘;g %W Goms-1 0.952 0.1080
Filler Gas Xenon Argon
Gas Pressure, mm Hg 180 800
Intensity Ranges Range No.
The soft X-ray 1 ® <ax 10'"7 <
flux units are 2 ax107 <o <bx107% £x10%<o <
W2 at Earth 3 bx10° <o <ex10”  gx 1070 < ¢ <
where 1 VWm 2 = b ex10”  <e<dx10% hx10% <o <
103 ergs cm-2 sec—l.
2 £ < 4 £ B
SMS-~1 1.4 1.4 1.6 1.6 1.3 1.3
SMS5~2 1.7 1.6 1.6 ~v1.5 1.3 1.3
GOES-1 1.6 1.5 1.5 vi.5 1.2 1.2

Intensity Resolution: ~ 0.2% to 0.3% of the maximum flux of a range.

Spatial Resolution: none, collimated to view full disk.

Sample Rate: every 3 sec

Wavelength Resolution: none within the 1/2-4 A and 1-8 A bands.

£ x 10
g x 10°
h x 10~
x 107

1.4
1.4
1.2




2. TIME COVERAGE OF MEASUREMENTS

Table 2.1 lists the dates when the X~ray.data from SMS-1, SMS-2, and
GOES-1 were received in Boulder. Two telemetry receiving systems are available
in Boulder, so only two of the three satellites are monitored. X-ray data are
now available in real time in the NOAA/SEL Space Environment Service Center
essentially all the time (>99% of the time). The percentage of data available
on archival magnetic tapes is less because of occasional failures of on-line
computer systems. Full-disk solar X-rays are not measured by a particular
satellite at certain times for the following reasons: eclipse of the Sun by
the Earth near equinox, ecalibrations, eclipse of the Sun by the Moon, dwell-
mode telemetry, and cccasional telemetry problems. Dwell mode telemetry is a
rare case in which a designated measurement is sampled and telemetered 20 times
per second, while other measurements are not telemetrered, i.e., the telemetry
"dwells" on a particular measurement. The satellites (5MS5-1, SMS-2, and GOES—
1) are sufficiently separated in longitude that their eclipse periods do not
overlap. Calibrations and dwell-mode telemetry are performed at different
times on the two monitored satellites to obtain full-time X~ray measurements -

from the pair of satellites.

Eclipse of the Sun at the satellite by the Earth has a maximum duration of
about 1.2 hours at equinox centered on midnight for the longitude of the sat-~
ellite. The duration of the eclipse is progressively shorter for dates further
from equinox, as shown in Figure 2.1, until no eclipse occurs for dates more
than 24 days from equinox. Now that several satellites are in operation, the
experiments are decommissioned for a larger block of time near the eclipse to
simplify scheduling., FEelipses of the Sun by the Moon as viewed by the SMS and
GOES are fairly rare. Table 2.2 lists these events through 1976. In-flight
calibrations of the X-ray instrument electronics were made twice per day and
lasted less than ten minutes. 1In 1876, calibrations were usually made at about
0350 UT and 1600 UT for GOES-l, 1110 and 2130 UT for SMS-2, and 0450 and 1650 UT

for SMS-1. Starting in January 1977, calibrations are being made once per weel

on Mondays.

2-1



Table 2.1. Dates of SMS/GOES Solar X-Ray Monitoring

Approximate

Geostationary
. Satellite Launch Date Longitude#* X-Ray Data Monitored in Boulder*
| sMs-1 May 16, 1974 45°W June-Sept. 1974 May 23, 1974+ to Jan. 8, 1976

75°W Nov. 1974-Dec. 1975 May 18, 1976 to Aug. 16, 1976
105°W Feb. 1976 - present May 9, 1977 to present

SM5~2 Feb. 6, 1975 115°W March-Nov. 1975 Feb. 10, 1975 to May 18, 1976
135°W Jan. 1976 - present Aug. 16, 1976 to May 9, 1977

' GOES-1 Oct. 16, 1975 55°W Nov. 1975 Jan. 8, 1976 to present
: 75°W Dec. 1975 - present

*The satellites were moved to different longitudes on several occasions.

*%0nly two of these satellites can be monitored in Boulder at one time because of ground-~

station receiving equipment limitations. No X-ray instrument has yet failed or is known to
have suffered significant degradation.

i  TArchive data start July 1, 1974,

Table 2.2. Eclipses of the Sun by the Moon at the

SMS/GOES Satellites*
Predécigd Angoglmate Maximum
cLipse 2imes . Photospheric
Satellite Date Start Maximum End Obscuration
SMS-1 November 14, 1974 0034 0400 0416 78%
SMS~2 December 2, 1975 1614 1652 1725 94%
SMs-2 November 22, 1976 0005 0030 0057 18%
‘ GOES~1 November 21, 1976 1731 1759 1827 777%

*Data provided by Mr. R. J. Went of NOAA, NESS, Suitland, Maryland.
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3. TRANSFER FUNCTION
3.1 Theoretical and Calibration Results for G(A)
The time-varying current output I(t) of the ion chamber, which is induced

by the incident X~ray energy flux ¢ (W m—%A_l) as a function of wavelength A,

can be expressed in terms of a transfer function G(A) by

I(t) = C J G, e)dr (3.1)
0
where C accounts for the attenuation from the collimator (C = 1 for 1-8 A

and C ax = 0.9333 for 5*4 A) and, of course, G(A) depends om the filter window
transmission, window area, absorption of X~rays by the filler gas, etc. The
results of theoretical calculations and laboratory measurements of G(A) for the
.SM5-1 satellite of Unzicker and Donnelly (1974) are given in Table 3.1 and
shown in Figure 3.1. Similar theoretical calculations using the measured
window weights for SMS-2 and GOES-1 are also given in Table 3.1, where these‘
latter results do not include revisions to fit the theoretical results to
calibration measurements. Although the ion chambers originally intended for
use on SMS5-2 and GOES-1 were calibrated, those detectors failed before launch

and were replaced by ion chambers that were uncalibrated, but were nearly
identical.

3.2 Wavelength Averaged Transfer Function G

The telemetry output, which is proportional to I, is used to deduce the

soft X~ray flux ¢ in the wavelength range ll to 12, from

$(Ay=hy, £) = —t L(e) (3.2)
G(]\1 -



Table 3.1. G()) Ion Chamben Transgfer Functions
laa Channels
2 1-8 A Channels
Satellite Satellite
Wavelength Wavelength
A (A) SMs-1 SM5-2 GOES-1 A (h) sM§-1 SM5-2 GOES-1
0.1 L.56 x 1077 1.62 x 1077 1.62 x 107 0.2 L8 x 1075 2201078 200 1078
0.2 6.0L % 1070  6.22 x 107  6.21 x 10 0.4 112 x 1070 140 x 107 140 x 107
0.3 1.33 % 1070 1.38 x 107, 1.38 x 108 0.5 3.3 x 1077 4.18 x 1077 4.18 x 200)
0.4 9.77 x 1070 L.OLx 107  1.01 x 1078 0.8 7.08 x 1000 8.87 x 107 8.87 x 107
0.5 1.75 x 10 1.80 x 10 1.80 x 10 1.0 1.23 x 10 1.55 x 10 1.54 x 10
0.6 2.78 x 1070 2.87 x 1078 2.87 « 1078 1.2 1.88 % 1078 2.35 % 1078 2.3 x 1078
0.7 3.90 x 1070 4.03 x 107¢  4.03 x 1070 1.4 2.59 x 107 328 x W0Tf 3.2 x 1070
0.8 5.43 % 1070 5.61x 107 5.61 x 1070 1.6 3.29 x 1000 412 x 107§ 611 x 1078
0.9 7.48 x 1070 7.76 x 1070 7.73 x 100 1.8 3.90 x 1070 4.89 x 107¢ 4,87 x 100
1.0 8.94 x 10 9.25 x 10 9.2 x 10 2.0 5.40 x 10 5.51 x 10 5.49 x 10
1.1 1.06 % 1072 1.10 1077 110 x 107; 2.2 4.79 x 1078 5.95 x 1028 5.92 x 1078
1.2 1.25 x 1072 1.29 x 1073 1.29 x 1073 2.4 497 x 1070 622 x 1075 6.18 x 107
1.3 L.42 x 1073 147 x 1077 1.47 x 103 2.6 5.08 x 1075 6.35 x 1000 6.29 x 1070
1.4 1.57 x 1077 1.63 x 1073 1.63 x 103 2.8 520 x 1070 6.38 x 1070 6,31 x 1070
1.5 1.66 x 10 1.72 x 10 1.71 x 10 3.0 5.07 x 10 6.34 x 10 6.25 x 10
1.6 175 x 1077 1.81 x 1077 1.80 x 107 32 5.00 x 1078 625 x 1078 6.14x 1078
1.7 1.80 x 107 1.86 x 107;  1.86 x 10 3.4 6.91 % 1070 614 x 1070 6.01 x 107
1.8 1.83 x 1077 1.90 x 107 1.89 x 103 3.6 4.80 % 107, 6.00 x 107¢  5.85 x 1070
1.9 1.8¢ x 107 L.91x 107, 1.90 x 105 3.8 489 x 1070 5.85 x 1070 5.68 x 107
2.0 1.83 x 10 1.89 x 10 1.88 x 10 4.0 3.35 x 10 4.16 x 10 4.02 x 10
-5 -5 -5 -6 -6 -6
2.1 179 x 2072 1.86 x 107, 1.85 x 1073 4.2 3.45 x 107 4.30 % 100§ 4.12 x 108
2.2 1.7 % 1073 1.8L x 1007 1.80 x 10 4.4 3.53 x 1070 4,40 x 1000 4.20 x 107
2.3 166 x 1072 172 x 1073 171 x 103 4.6 3.60 x 1070 448 x 1000 4.26 x 1070
2.4 159 x 1070 1.65 x 10, 1.64 x 10_2 4.8 3.62 x 1070 4.50 % 1008 4.24 x 107
2.5 1.47 x 10 1.53 x 10 1.51 x 10 5.0 3.61 x 10 4.49 x 10 4.13 x 10
2.8 110 x 1072 116 x 1000 113 x 1072 5.2 3.56 % 1078 442 % 1070 4.0 x 1078
2.7 1.09 x 1070 116 x 1077 1.12 x 103 5.4 3-49 % 1070 433 x 1008 3,96 x 107°
2.8 1.07 x 1070 L1l x 100} 1.10 x 103 5.6 3.39 x 107, 6.20 x 1070 3181 x 107°
2.9 1.05 % 1070 1.09 x 1073 1.07 x 103 5.8 3.27 x 1070 4.05 % 107f  3.62 x 107°
3.0 1.01 x 10 1.05 x 10 1.04 x 10 6.0 3.13 x 10 3.87 x 10 3.42 x 1078 .
3.1 9.68 x 1070 1.01x 1070 9.89 x 07 6.2 2.98 % 107¢  3.67 x 1078 3.21 x 107
3.2 9.17 x 107¢ 8.56 x 1070 9.36 x 10°° 6.4 2.81 x 107 3.47 x 1000 2.99 x 1070
3.3 8.60 x 1070 B.98 x 107 8.7 x 100 6.8 2.47 x 100¢ 3.04 x 1070 2.5 x 107
3.4 8.00 % 107¢  8.35 x 1070 8.14 x 1075 7.2 2.10 x 1075 257 % 207 2.07 x 1020
3.5 7.38 x 10 7.71 x 10 7.50 x 10 7.6 1.76 % 10 2.15 x 10 1.66 x 10
3.6 6.68 x 107 6.99 x 1070 .68 x 107 8.0 145 x 2070 177 %070 naix 1078
3.8 548 x 1070 575 x 1070 5.54 x 107 8.4 116 x 2077 140 x 1070 5.92 x 107
4.0 435 x 1070 4.57 21000 4.38 x 10°° 8.8 9:07 x 1077 108 x 1075 7.32 x 1077
4.2 3.23 % 100, 3.41 x 1070 3.25 x 10°° 9.2 6.95 x 1077 8.32x 1077 5.27 x 107
4.4 2.39 x 10 2.53 x 10 2.39 x 10 9.6 5.20 x 10 6.18 x 10 3.68 x 10
4.6 L71x100¢ 182 x 105 170 % 1078 10.0 3.80 x 1077 4.48 x 1077 2.49 x 1077
4.8 L19 x 107, 126 x 1078 1017 x 1078 10.4 2.69 x 107 3.15x 2007 1.63 x 100
5.0 7.9 x 1077 8.50 x 10])  7.81 x 10) 10.8 1.85 x 107, 2.15x100;  1.02 x 107
5.5 2.41 x 1070 2.62x 107] 2.3 x 107 11.2 1.26 x 1000 143 x 107]  6.24 x 107
6.0 5.70 x 10 6.26 x 10 5.39 x 10 1.6 8.13 x 10 9.28 x 10 3.69 x 10
7.0 146 x 107 167 x 1077 L3 197° 12.0 5.16 x 1070 5.83x 078 2,10 x 1073
8.0 1x 10 1x10 1x 10 13.0 1.39 x 1070 153 x 1005 4.16 x 197
4.0 323 51077, 343 x 1070 6.8 x 10-10
15.0 6-07 x 1077 6.2 x 19710 900 x 1073
K-Shell Edge 16.0 8.79 x 10 % x 10 1.0 x 10
0.35847 165 x 1070 156 x 1005 1.79 1078
0.3584 7.39 x 10 7.89 x 10 7.89 x 10
L-Shell Edge K-Shell Edge
- -5 -5 -5 - -6 -6 -6
2.587 LAl x 2075 147 x 1077 1.45 x 1073 3.87; 4.65 x 1070 s.81 x 1070 5,63 x 1070
2.587 1.10 x 10 1.14 x 10 1.13 x 10 3.87 3.24 x 10 4.05 x 10 3.92 x 10

Hete: The units of G()\) are amp wart
for loss of fluorescence radiation.
using a correction factor comstant wi

mz, where 1 watt mmz = 103 ergs cm"Z sec-l.
The SMS-1 results include a least squares differ
th wavelength.

These G(A) results include corrections
ence fit to the measured G(\) values
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where E} Al, and Az are picked so as to give ¢ results as accurate as possible.

G is computed from

JG(A) $ (1) dx

GO - A,) = 012 (3.3)
J $ (1) di
A

The important assumption in evaluating (3.3) is to use ¢(A) with a spectral
variation like that of the solar spectrum. This is complicated by the fact
solar spectra vary with solar activity and during solar flares. Furthermore,
although solar X-ray measurements with high wavelength resolution have been
used to identify emission lines and to measure line ratios, no high-resclution
measurements of absolute flux over the whole wavelength range important to the
SMS-1 detectors (0.1 -20 A) have vet been published. Walker et al. (1974) have
published absolute flux values for quiet-sun and post-flare comditions, but
only for wavelengths longer than 3% A,

Early estimates of ¢(A)/¢max (Kreplin et al., 1976) assumed the solar
spectrum was approximately like blackbody radiation with an effective tempera-
ture similar to coronal emissions like the spectra in figure 3.2. Figure 3.3
shows G(1-8 A,X)$ (1) for the blackbody spectra in figure 3.2. Figure 3.4 shows
similar results for the %—4 A ion chamber. Note that most of the 1-8 A ion
chamber response comes from the 6-10 A radiation for a blackbody spectrum with
a source temperature (TS) of 2x106K, and the 2-5 A radiation contributes most
of the response when TS = 107K. Solar spectra do not decrease with increasing
wavelength in the 1-10 A range, except for emission lines and recombination
edges, so the results in figures 3.2-3.4 are of interest primarily because of
the historical use of blackbody spectra. Figure 3.5 shows isothermal free-free
spectra (Tucker and Koren, 1971), which are slightly more realistic than black-
body spectra, but still lack emission lines. Compared with the blackbody
spectra for the same source temperatures, the free-free spectra peak at longer

wavelengths and decrease less with increasing wavelength at long wavelengths.
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P (N/B,, Normalized Solar Energy Flux

D (X)/D, . Normalized Solar Energy Flux
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Consequently the ion-chamber response is dominated by longer wavelengths for
free—-free spectra than for blackbody spectra, as can be seen by comparing

figure 3.6 with figure 3.3, or by comparing the free—free and blackbody curves

in figure 3.4.
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Figures 3.7 and 3.8 show G for the SMS-1 satellite for blackbody and free~
free spectra as a function of source temperature. Note that G is fairly con~-
stant for blackbody spectra for source temperatures T532x106K, and for free-
free'spectra for T333x106K. A spectrum consisting of a sum of isothermal
spectra will produce a similar G if the effective temperatures are all in ‘the
range where G is nearly constant. Therefore, one value of E'may be satisfactory
for high levels of solar activity when the 1-8 A flux is dominated by emission
from source regions at temperatures TszﬁxlosK, but that value of a'probably
will not suffice for sunspot-minimum or very quiet Sun conditions because the
quiet Sun includes significant X-ray emission from coromal regions at tempera-
tures less than 3x106K. Our knowledge of solar X-ray spectra has now improved
to where we can do better than assume & blackbody spectrum, but it is inter—
esting that the G values based on blackbody spectra are fairly close to those

based on more current estimates of ¢(A). Theoretical studies of emission from
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Figure 3.8. Calculated §Tlu4 A) as a function of source tempera-
ture Tg for iSothermal theoretical spectra.
hot isothermal plasmas with the same composition as that of the solar atmos-
phere have provided improved estimates of solar spectra including line, recom~
bination, and free-free thermal emission. G values based on the more complete
theoretical spectra of Mewe (1972) and Vaiana et al. (1973) are also shown in
Figures 3.7 and 3.8 as a function of source temperature, where the results

agree well with the simple free-free results.

Wende (1971) developed the technique of computing G as a function of kl

and Az for a set of solar spectra in order to optimize the ll and AZ values so
as to minimize the variations of € among the test spectra. Such calculations
for SMS~-1 for both blackbody and free-free spectra for source temperatures of
5, 7.5, 10, 25, 50, 75 and 100x106K indicated Al = 0.53 A and Az = 4,1 A for
the short wavelength ion chamber, and Al = 0.9 A and AZ = 7.7 A for the long
wavelength ion chamber, which are fairly consistent with the l—4 A and 1-8 A

2
bands used for the SMS/GOES solar X-ray monitoring measurements.
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One difficulty with the calculations of E'discussed above is that the
solar spectrum certainly is not isothermal but involves a distribution of
source regions as a function of temperature. Though spectra of solar flares
include unusual emission lines that suggest portions of flares reach tempera-
tures in the 10-30 x 106K range, solar spectra observations exhibit a general
decrease in flux with decreasing wavelength below 10 A, except for emission
lines and minor recombination edges (Neupert, 1971; Doscﬁeck, 1972). Neupert
et al. (1973) have observed spectra of solar flares that appear to include a
peak with respect to wavelength near 12 A, but several problems complicate this
conclusion, e.g., Spectrometers that slowly scan in wavelength convolve the
time dependence of a solar flare with its wavelength dependence. In conclu~
sion, the increase in energy flux with decreasing wavelength at the long
wavelength side of the 1-8 A passband for isothermal spectra with T > 5 x 106K

is unrealistic,

A second problem with the above calculations of G is that the set of
theoretical spectra used are not weighted according to their relevance to the
solar spectra when the soft X~ray flux is terrestrially important. Kreplin et
al. (1962) showed that D-region SID's occur when the 1-8 A flux exceeds abﬁut
2 x 10"6W m—z. Smaller X-ray fluxes presumably generate ionization Production
‘rates smaller than that produced by cosmic rays in the lower D region or that
produced by H Lyman o in the upper D region. Therefore, from a terrestrial
viewpoint, solar spectra during fairly high levels of solar activity and during

golar flares are important.

Culhane et ail. (1969) and Pounds (1970) measured the solar spectra with
low wavelength resolution (“v1/3 A below 4 A) during solar flares and high
levels of solar activity. Figure 3.9 shows some of the spectra, an& figures
3.10 and 3.11 illustrate the corresponding ion chamber responses, TFigure 3.12
shows similar spectra of another solar flare, and figures 3.13 and 3.14 show
the ion-chamber response. Note that the variatioms in spectra and ion~chamber
response are smaller in figures 3.9-3.14 than in figures 3.2-3.6. Table 3.2
presents SMS-=1 E'values computed with ¢(A) based on their spectra. The stan-
dard deviation of G is only about 5% of the mean for %—4 A and 7% for 1-8 A

for solar flare spectra. Using these results, the average G values in Table 3.3
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were derived for SMS~1. The G values for SM3~2 in Table 3.3 were based on the
SMS-1 results in Table 3.2 and figures 3.7 and 3.8, and on GSMS—Z/GSMS-l'

The GOES-1 results are based on an analysis like that for SMS-1 including the
effect of a second thin filter window added to the GOES-1 instrument to block
the solar ultraviolet light to prevent photoelectron ejection from the main
X-ray filter window. These G values are now used in routine interpretation of
the data and in the results discussed in the rest of this report. These aver—
age G values were picked to minimize the probable errors that can occur because
of spectra variations when the solar X-ray flux is large enough to be terres—
trially important. The differences in Table 3.3 from one satellite to another
are caused by small differences in their window filters and because only the
SMS8~1 values included a revision of the theoretical results to provide a good

fit to its calibration measurements, which lowered'af%—4 A) by 3% and 5(1—8 A)
by 19%.
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Table 3.2.

EYéhé A) and G(1-8 4) for SMS-1 for Solar Flare Spectra

Date

Oct. 26, 1967

Dec., 21, 1967

April 27, 1962

May 3, 1962

Flare Condition

Universal Time

Preflare
Early Flash Phase
Late Flash Phase

Early Maximum

Late Maximum
Early Decay
Mid Decay
Late Decay

Early Rapid Rise
Maximum
Decay
Post Flare

Preflare
Early Rise
Late Rise

Early Rise
Mid Rise

Maximum
Quiet Sun

Average, excluding quiet sun
Standard Deviation

06:03:30
06:10:00
06r31:30
06:13:45
06:16:00
06:20:00
06:23:45
06:28:45

01:54:10
0L:54:45
01:55:57
01:59:00

2109-2117
2301-2304
2304~2307

0648
0652
0655
1145

Average, excluding preflare and postflare
Standard Deviation

[

=1
G(G-4 A) G(1-8 &)
1.21x10:§ 4.2lx10:g
1.23x10"7 3.99x10_/
1.22x10_2 3.80x10_/
1.19x10_7 3.76x10_
1.19x10 7 3.91x10_/
1.14x10_7 4.03x10_
]..leIO_5 4.02x10_6
1.17x10 3.92x10
1.29x1077 4.07x1070
1.22x10~5 3.86x10_6
1.21x10"7 3.89x10_)
1.22x10 3.80x10
1.22x1077 5.95%10 ¢
1.26x10 4.52x10_6
_________ 3.77x10
1.32x10:§ 4.90x10:2
1.23x10”¢ 3.91x10_
l.23x10_5 3.89x10_5
2.89x10 1.07x10
1.22x10:§ 4.12x10:g
0.05x10 0.52x10
1.21x10_] 4.02x100
0.06x10 0.29x10

References for the solar flare spectra measurements, which have low Tavelength
resolution, are Culhane et al. (1964, 1969) and Pounds (1970).

for the 1962 flares are not very meaningful because those spectr
good only at wavelength longer than 5 A.

The =4 A results
4 measurments were
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Table 3.3 G Adopted for SMS-1, SMS-2, and GOES-1

Standard Transfer Functions for Archival Data

Satellite E(?ZLA 4) G(1-8 A)
SMS-1 1.23 x 1077 4.00 x 1070
SMS-2 1.28 x 1070 4.96 x 107°

GOES-1 1.27 x 107 4.09 x 1078
-1 2

amps W " m
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3.3 Solar Spectrum Corrections for Low Flux Levels

As the solar flux decreases from the levels of terrestrial importance to
the very low quiet-Sun levels of sunspot minimum years, the solar X-ray spec-
trum becomes too soft to be consistent with the values derived with the stan-
dard transfer functions of Table 3.3, where the %w& A flux measurements will be
the first to be significantly affécted Corrections to the archive data can
then be made by developing a model for the solar X-ray spectra and calculating
the corresponding G for the particular low flux conditions of interest. Then
the revised flux @r can be determined from the archive data flux @A and the
standard transfer functions G in Table 3.3 from @ = G /G . Isothermal
free-free spectra for quiet coronal temperatures T i 2 x 10 K are one example
of spectrum assumptions that have been used in the past. TFor free—free or
blackbody spectrum assumptions figures 3.7 and 3.8 can be used to determine E;
for an assumed source temperature. Considering the steepness of G(T } for
TS <3 x 106K it is clear that for very low flux intensities or quiet Sun
condltlons, @Cm-é A) values are rather meaningless and unsuitable for spectrum
correctlons. However, the time variations in the %-4 A flux measurements are

still useful for low flux levels for indicating time variatioms in solar

activity.

3.4 ZX~Ray Flux Ratio ¢G%—4 A)/e(1-8 A).

The ratio of flux in the two wavelength channels can be used to check
whether the flux measurements are consistent with the use of the standard
transfer functions. For the spectra discussed in section 3.2, the solar flux
measured by the ion chamber was calculated in two ways: (1) the expected flux
measurement @A was calculated like all archive data using the standard transfer
functions and then using the ion-chamber output current produced by the par-
ticular spectrum involved, and (2) the incident flux @I was calculated directly
from the theoretical or model spectra. The flux ratios, @A(z 4 A)/@A(l -8 A)
and © ( 4 A)f@ (1-8 A) were then compared. Figure 3.15 shows the percent
error in the flux ratio that would occur in the archive data if the solar

spectra were isothermal or like those of Culhane et al. (1969) or Pounds (1970),
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other words, as solar spectra evolve
from the hot spectra of flares and high
levels of solar activity toward quiet
Sun or sunspot minimum conditions, the
standard assumption will fail soomer
for %—4 A than for 1-8 A.

Figure 3.16 shows the observed flux ratio for several time sequences
starting at quiet preflare conditions and ranging through the rapid rise, peak,
and decay of solar flares. These SMS~1 measurements were corrected for the
photoelectron effect discussed in 4.5. The standard E-assumption is believed
to be quite adequate for ®(1-8 A) > 10_6W m“2 and for @(%—4 A) for flux levels

of terrestrial importance. However, Figure 3.16 indicates the standard as-

. . 1 - -
sumption fails for ¢C§h4 A) <10 7W m 2, particularly during the late decay of
solar flares.

3-21



103

ERREREI

— SMS-1 ]
T e 1515 UT July 5, 1974 T
——— 2147 UT July 5, 1974 ]
| = —— 2148 UT Sept 10, 1974 —
—. Tt 2247 UT Sept 19, 1974 1
Major
lonospharic
Effects
104 N
N —_
E
= —_
=3
©
LS
Minor
lonospheric
1075 Effects
‘ Negligible
o’® ionospheric
l Effecis
178 L L1 ] L L L]
0.1 0.1 1

& (724R) /D (1-8R)

Figure 3.16. Observed solaw X-ray flux ratios for X-ray inten—

sities of terrestrial significance.

3-22

0



4. COMPLICATIONS IMPORTANT TO DATA INTERPRETATION
4.1 Range Switching Transients

Each X~ray channel achieves both a large dynamic range and high intensity
resolution through covering the intensity range by four sequential ranges,
where adjacent ranges slightly overlap. The four ranges of gain in the satel-
lite electronics are obtained by two switches, one in the two-range electro~
meter preamplifier, which changes its gain by a factor of 100, and the second
in a two-range attenuator, which changes the gain by a factor of 10. The
attenuvator switch changes position during each change in range whereas the
switch in the electrometer Preamplifier acts only during the change from the
second to third gain ranges. Each switch in gain causes a transient spike in
the data as shown in figure 4.1. When the X-ray f£lux increases with time, the
spikes exceed the true X-ray flux. When the X-ray flux decreases, the spikes
are downward. Each spike consists of a step jump, followed by an exponential
decay with a time constant t usually about 3.5 to 5.5 sec., depending on the
channel and range involved. The size of the observed jump is typically 3.5 to
12 times the pre~jump level. It varies from one case to another because the
time of its occurrence varies with respect to the 3 sec data sample period.
About five data points (15 sec) after a switch are affected by the transient

response in the electronics. Corrections can be made by estimating the error

by
3(t) = &(t) - &(t) R (4.1)
estimate observed error
where
_ -{t-t, YT
Qerror - ACI)obserwzzd e Jump (4.2)

Jjump

tjump is the time at the observed peak of the spike, and
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= (t.um ) - 28 (r, -3 sec) + @(t.um ~ 6 sec) ,(4.3)
Jump obsgFvEd obsdF¥Bd obd8TPed

which uses a linear extrapolation of the pre~jump tremd. The first datum
after a switch in gain is flagged in the archive data with the expectation
that in most applications the only need is to mark the resultant spike in the
data as an instrumental effect and not a real spike in solar flux. Note that
at least four more 3-sec samples after the flagged datum are affected by the

switching transient but are not flagged.



4.2 Intemsity Resolution

Because of the high intensity resolution and moderate time resolution, the
SMS/GOES solar Z~ray data are being used to study the time rate of change of X-
ray flux during solar flares. The intensity resolution is about 0.2% to 0.3%
of the maximum flux of the particular gain range involved. Consequently, the
smallest measurable change in X-ray flux‘in one 3-sec period varies by a factor
of ten from one gain range to the next. This must be taken into consideration

in studies of d&/dt.

4.3 Instrument Temperature

The temperature of the electronics and temperature of the ion—chamber
telescope are monitored ip order to¢ provide corrections to the X-ray data if
the temperatures deviate significantly from the planned operating temperature.
_The corrections vary over each intensity range and from one range to another,
but the maximum correction in a range is typically less than 0.1% per °C of
difference in temperature with respect to the design temperature (n24°0).
Operating temperatures for the X-ray instruments are stable over most days but
drift slowly from a maximum in winter of about 23° - 24°C to a minimum near

summer solstice of about 18°. Corrections for these temperature variations are

negligible.

The main deviations from these average operating temperatures occur
during eclipses of the Sun. Figure 4.2 shows that during totality, the tem-
perature of the X-ray instrument decreases approximately linearly with time at
the rate of about 0.23°C/min. The longer the durétion of the eclipse, the
greater the drop in temperature. Partial eclipse and changes in satellite
operation cause small changes before and after totality. The temperature then
exponentially rises, asymptotically appreoaching the normal operating tempera-
ture with a decay time constant of about 4 hr. The X-ray data available from
the archive data tapes have no corrections for these small shifts in operating
temperature. The estimates of error should therefore increase slightly after
an eclipse with a time function like that in figure 4.2, and a maximum error

estimated to be less than 3%.
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4.4  Saturation

The flare of 2144 UT July 5, 1974, was large enough to drive the SMS-1
%-4 A channel into saturation ar 1.7 x 10-4W qu. The 1-8 A channel measured a
peak flux of 1.13 x 10"3W mfz, without clear signs of saturation, although this

flux is approximately the expected maximum measurable 1-8 A flux.

4.5 Photoelectron Bias in SMS-1

The solar ultraviolet flux shining on the X-ray ion chambers induces
photoelectron ejection which generates a current that is weakly coupled into
the ion chamber current measurements on SMS-1, causing negative telemetry
signals when the solar X-ray flux is very low. This problem was eliminated on
SM5-2 and GOES-1 by revising the circuits to reduce the coupling of the photo-

electron current. A thin absorption window was also added to the GOES-1 X-ray

telescope to block the UV radiation.

b=t
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Figure 4.3. Evidence for photoelectron effect in SMS~-1. Datq
provided by Mr. Harry Farthing, NASA GSFC.

Figure 4.3 shows observations of the wideband background channel that
monitors the electrometer amplifier output for SMS-1, where a negative tran-
sient followed by a positive one is induced in the measurements by the solar UV
radiation as the X~ray detector scanned across the Sun. The normal response
from X-rays dominates over the UV response for &(1-8 A) > 10 6W m -2 and
¢G~—4 A) > 10 7W m 2, but at lower X-ray flux levels large relative errors
occur in the SMS~1 measurements because of this photoelectric effect. Large
flux values, where the photoelectric effect in SMS-1 is negligible, were used
to determine the relationship between SMS-1 and SMS8-2 flux measutrements (see
sect. 5)., This relationship was then used together with SMS-2 measurements for

TR vl e
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low flux values to estimate what the SMS-1 measurements would be if there were
no photoelectric effect. These estimates were then compared with the concur~
rent SMS-1 measurements to determine an approximate correction for removing the

error in the SMS-1 data caused by the Photoelectric effect. The results are as
follows:

3(1-8 A) = 3(1-8 A) +1.7x 107 @ ad (4.4)
corrected SMS-1 measured SMS-1

and

8

o(E-4 A) = s(X4 a) +40x10° Wwd) . (4.5)
2

corrected SMS-1 m%asured SMS-1

The archive data give the measured values and do not include any correc-
tions. Because of range limits in the SMS~] X-ray electronics, the measured
flux values do not go below &(1-8 A) = -7.234 X 10"8, or @(%—4 A) = -8.342
X 10_9 W muz. When the measured values are at these limits, the results from
(4.4) or (4.5) are then estimates of an upper limit to the true solar X-ray
flux. In other words, the SMS-1 results camot be used to determine X-ray
fluxes below 10—7 W m-2 for 1-8 A or 3.1 » th8 W m_2 for %—4 A. In summary,
the photoelectric effect is a problem only for SMS-1 results for low solar flux
intensities, lower than the intensities of terrestrial importance. Note that
at those low flux intensities, corrections should also be made for the fact
that the solar X-ray spectrum is probably inconsistent with the constant trans-

fer function G used to determine % measured (see sect. 3.).

4.6 Missing Points

Whenever the received telemetry signal was noisy so that the ground-based
data processing System was unable to synchronize with the data code to be able
to pick out the X-ray data from among many other data sets, then no data were
recorded for that 3~sec set, Usually the interval betweem archive data is
three seconds, but occasionally one or several will be missing. The archive
data tapes do not flag these cases since they are evident from the fact that

the time between adjacent points increases to more than 3 seconds.
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4.7 Isolated Bad Points

Telemetry noise and other noise occasionally cause an X-ray flux measure-

ment to be highly erroneous. These cases are usually very evident because the -

flux values differ greatly with respect to adjacent values. Whenever a flux

measurement @(ti) differed by more than 20% with respect to the prior measure~

ment @(ti_l) and by more than 20% in the same direction with respect to the

next later measurement @(ti+l), @(ti) was concluded to be noise and was re—

placed in the archive data tapes with a corrected simgle point value based on
the average of adjacent points;
«b(ti 1) + o(t

< q)
5(t,) - e ) (4.6)

corrected

Whenever any of the three values were flagged for any other reason, this cor-

rection was not made.
r%w4 A data and 1-8 A data. Corrected single points are identified in the

The test in (4.6) was‘performed separately for both the

archive data magnetic tapes with a special flag (see sect. 7).

4.8 X-Ray Telescope Elevation Angle

Because the satellite spin axis was perpendicular to the equatorial
plane, the angle between the X-ray telescope axis and the satellite spin axis
was adjusted by increments of 1/4° so that the telescope would scan the Sun.
The telescope angle is adjusted from day to day as needed to track the Sun as
its declination varies over the year from summer to winter solstice. The
telescope angle was measured and provided in the telemetry data. These meas—
urements showed the telescopes were daily set at the positions expected to be
best for scanning the Sun. During the early check out of the satellite and its

experiments in the first several weeks after launch, the X-ray telescope was

stepped in angle to scan the Sun along the direction of the satellite spin

axis. Unfortunately, these tests were made at times when the X-ray flux was

extremely low so they did not provide a precise measure of the X-ray instrument
response as a function of telescope elevation angle, TFigure 4.4 shows the

1-8 A X-ray output versus elevation angle for GOES-1 taken over about a half-—
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hour period on October 19, 1975, when
015 the solar declination was about 10°
south. The error bars are based on the
4 rms deviation of the measurements

" accumulated for each telescope angle.

=
—
=3

The collimator causes the steep sides
| of the response. The small angle side
of the response is steeper than the

large angle side because of the shape

o
o
&n

- of the collimator. The detailed shape

1-84 Telemetry Voltage

of the elevation angle response also
depends on the distribution of X-ray
0.80 -—{ source regions on the Sun, According

to the Lockheed 0S50~8 data in Solar

, Geophysical Data, the main solar X-ray

5 10 15

) sources were in the elevation angle
X-Ray Telescope Elevation Angle

range 8' North to 10' South of the

Figure 4.4. Observed elevation

center of the solar disk om Qctober 19,
angle dependence.

1975.

Figure 4.5 shows the theoretical elevation angle response. for the 1-8 A
ion chamber for a point X~ray source. The angle between the telescope axis and
the satellite-~Sun line equals the telescope elevation angle, measured positive
to the south, plus the solar declination, measured positive to the north. The
solid line is appropriate for long wavelengths (A > 8 A), where the ion chamber
response depends on the portion of the filter window that is illuminated. The
dashed linme is for short wavelengths (A < 1 A) where rhe ion chamber cutput is
proportional to the illuminated volume of the ion chamber. The mid wavelength
response should fall between these two curves. Because solar spectra are
strong on the long wavelength side of the detector and weak on the short wave-
length side, the elevation angle response for solar X~rays should be closer to
the solid curve than to the dashed curve. When the telescope elevation angle
is too small, it points north of the Sun where the ocutside telescope wall
oceults the Sun. When the telescope points south of the Sun, the collimator

fins located in front of the %—4 A ion chamber occult the Sun viewed at the
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1-8 A ion chamber. No collimator fins

are directly in front of the 1-8 A
Note the similarity
The

ion chamber.
between figures 4.4 and 4.5.
1-8 A measurements should be less in
error than being 2% too low for errors
less than one degree in pointing the

telescope at the sun.

Figure 4.6 shows the theoretical

elevation angle respomse for the %~4 A

ion chamber. The collimator fins
located in front of this detector,

which are intended to reduce the de~

tector respomse to energetic particles,

cause the sharpmess of the elevation

angle response at small angles from the

Sun. Therefore the-%-é A ion chamber

is the most critical for Precise point-

ing of the telescope as far as keeping

the X-ray measurement error very small

is concerned.
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Considering the accuracy

at which the X-ray telescope was peointed,

the minimum pointing adjustment of 0.25°, and the width of the Sun,
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1 5
X-Ray Telescope—Sun Angle

Theoretical 1-8 4
elevation angle dependence. The
solid curve is for wavelengths

2 8 A, the dashed curve is for
“ 1 A. The fins are part of
the telescope collimatonr.

we esti-

mate that the telescope was pointed at the main solar X-ray source to within
The %—4 A measurements should be less

about one-half degree on the average.

in error than being 7% too low for pointing errors less than one-half degree.

4.9.

In-Flight Calibrations

The satellite electronics used to measure the current output of the ion

chamber are routinely checked by in-flight calibrations.

A reference voltage

Source is used to derive reference input currents for each detector and gain

range.

4-9

Before 1977, in-flight calibrations were made twice daily,

Because the
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calibrations have not shown any systematic drifts in electronics gain in sev-

eral years of operation, the calibrations are now made once per week on Mondays.

.

Table 4.1 lists time averaged calibration results and standard deviations. The
day to day variations are usually less than 1%, and the variations over a year
are typically less than 2% for the second and third flux ranges and a little
higher for the highest and lowest flux intensity ranges of both wavelength
channels for all three satellites. These variations are comparable with the
intensity resolution. No systematic variation is evident. Therefore ne cor—

rections based on the in-flight calibrations were made for the archival data.
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4.10. Particle Interference and Background Subtraction

High energy particles induce a background output from the X~-ray ion
chambers. As the satellite spins, the ion chamber background output may vary
when the particle pitch-angle distribution is anisotropic in the conical
surface swept by the X~-ray telescope. The X-Tay instrument measures the
background level just prior to observing the Sun and then subtracts that level
from the output when viewing the Sun to determine the output from the solar X~
rays alone. If the background level is high and varies greatly with satellite
spin angle, an error can occur because the pre~Sun background measurement may
differ slightly from the particle background when the Sun is viewed. This
background subtraction error should be largest when the X-ray flux is low and
the particle flux is large and highly anisotropic. Figure 4.7 shows samples
of the SMS-2 1-8 A iom chamber background output as a function of satellite
spin angle at a time when the solar X-ray flux was very low, too low to meas-

- ure., This is a case of appreciable spin-modulation of the background.

A telescope collimator and magnetic broom deflector are used to minimize
the particle Background response., This system appears to have worked quite
well because no particle related effects have been identified in the X-ray
flux measurements during large particle events recorded by the companion SEMS
particle detectors aboard the SMS-GOES satellites. Fortunately, the X-ray
flux is usually very high during ionospheric storms when the emergetic parti-
cle flux is high. TFor low flux levels, the UV photoelectron problem for
SMS-1 (sect. 4.5) greatly exceeds that caused by the particle background. But
for SMS-2 and GOES-1, where the UV photoelectron problem was cured (compare

figures 4.3 and 4.7), the particle background problem may occasionally be
significant.

Several events of unknown origin, but possibly caused by particle inter-
ference, occurred in the §MS-2 X~-ray measurements in February 1977 (e.g.,
1400 UT Feb. 9, 1977) when the solar X-ray flux was very low
(2(1-8 A) ~ 10—7W m—2 and @6%—4 A) <« IO-SW m_z) and the particle flux was
high. The physical processes causing these events are not known. The X-ray

flux level decreased to a constant minimum value (6(1-8 A) ~ 4.3 x lOugw m“2
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and @(%—4 A) ~ 3,7 x 10_9-W m"z). The particle flux was enhanced before and
after these anomalous "negative' X-ray events, i.e., the time dependence of
the particle flux intensity is not similar to that of the "negative" X-ray

events. These peculiar events are rare and guite distinct.
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5. COMPARISON OF SMS-1, 8MS-2, AND GOES-1
X~RAY MEASUREMENTS

Concurrent SMS-1 and SMS-2 data were searched for periods when
$(1-8 A) > IO—BW mfz, i.e., when the X-ray flux was strong enough to be
terrestrially important. During the sunspot minimum period involved, such X~
ray flux levels occurred during solar flares. The flare peak in SMS-1 X-ray
flux was used and then flux values (>10_6W m_z) during the rise and decay
separated by at least a factor of two in intensity were included. The SMS-2
X-ray flux values for the same times (to within +1.5 sec) were used. A compar-
ison of 101 X-ray flux values from 42 solar flares in August 1975, is shown in
Figure 5.1. Each point in figure 5.1 is one concurrent sample from bo?h

satellites. Linear regression analysis was used to determine the coefficients

a and b in the relationship

®sMs-2 = 2gyg_q * b (5.1)

for a best-fit to these data. The results are given in the first row of

Table 5.1. Similar calculations were made to fit a power-law equation to the
data. The "a" coefficient of 0.823 is consistent with the SMS-1 ¢ having been
reduced by times 0.810 from the theoretical calculations whereas the SMS-2
measurements are based only on theoreticail calculations, i.e., the coefficient
suggests that if similar calibration measurements of G for SMS-2 had been made
they probably would have been lower than the theoretical values by about the
same amount. It is not known for certain whether this difference between the
theory and calibration measurements results from an inadequacy in the theory

Or a systematic error in the calibrations.

Figure 5.1 shows a slight bend in the data trend near the center of the
graph. The SMS/GOES measurements achieve both a large dynamic range and high
intensity resolution by dividing the overall dynamic range into four ranges,
where each range covers about one decade in intensity. The lower or left half
of figure 5.1 involves the second intensity range of both satellites and the
upper or right half involves the third intensity range. Results are therefore

given separately in Table 5.1 for these two intensity ranges.
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Figure 5.2 shows similar results for the %~4 A range, where the bend in ;
the data near the center of the graph corresponds to the transition from the 5
second to the third intensity range of the %_4 A instrument. The correlation

coefficients should be high because the instruments in these two satellites are
so similar. The largest difference between the two satellites occurs at the
lowest flux levels in figures 5.1 and 5.2, where the SMS-1 X-ray measurements
are too low because of a weak photoelectron current generated by solar ultra-

violet radiation. (See sect. 4.5.)
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Similar results are given in Table 5.1 and figures 5.3 and 5.4 for com—
parison of SMS-2 and GOES-1 X-ray data from 18 solar flares 'during March 23-27,
and April 29-30, 1976. Because the photoelectron problem that occurred in SMS-
1 was corrected in both SMS-2 and GOES-1, the intercomparison of the latter
data did not show a "bend" at low intensity levels. The SMS-2 and CGOES-1 X-ray
data usually agree to within several percent. These results are forjarchive
data and include corrections for the effects of the thin filter window added to

GOES-1 to block UV radiation. Data provided by the NOAA-SEL-SESC real-time
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data system prior to April 14-, 1977, did not include this correction, which

resulted in those preliminary 1-8 A GOES-1 flux values being about 20% too low.
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6. SUMMARY OF ERRORS AND CORRECTIONS

The SMS-1, 8SMS-2, and GOES-1 X-ray data available in real-time from the
NOAA-ERL SELDADS system after April 14, 1977, and the archive data discussed
in section 7 are based on the standard transfer functions of Table 3.3 and
include corrections for the collimator fins in front of the %-4 A detector and
for the thin window added to the GOES-1 detector to block the ultraviolet
radiation from shining on the X-ray detector. Corrections for the ultraviolet
problem on SMS-1 are not routinely included, but approximate corrections are
provided for interested data users in section 4.5. Corrections fdr the change
in spectra as the solar flux decreases below the levels of terrestrial inter-
est to the low quiet-Sun flux levels of sunspot minimum years are not rodtinely
included, but guidelines for making such corrections for the 1-8 A measure-
ments are included in section 3.3. The standard transfer function for the

%-4 A measurements fails before that for 1-8 A as the spectrum softens when

the solar flux decreases.

Table 6.1 lists the main estimated errors. The calibration results
(Unzicker and Donnelly, 1974) disagree with the theoretical results by about
20%. The SMS-1 transfer functions were normalized to the corresponding labo-
ratory calibration results (sect. 3.1) while the SMS-2 and GOES-1 transfer
functions were based solely on theoretical calculations, Comparisons of con-
current SMS-1 and SMS-2 flux measurements showed the SMS-1 1-8 A flux was
congistently higher, which pProbably results from the difference between de-

tector calibration results (SMS5-1) and theoretical transfer function values
(8M5-2).

The second type of error im Table 6.1 results from the variations in
spectral shape (sect. 3.2 and 3.3). The errors listed are much lower than
those commonly attributed to this source in the past. We have emphasized
picking the standard wavelength averaged transfer function G to be appropriate
for the high flux levels of interest in terrestrial applications. Lower flux
levels involve large errors in the archive flux data based on the standard G
values, especially for %wd A. The ratio of @(%w& A)/®(1~8 A) can be used as a
guide to indicate when the standard assumption for %~4 A 1s no longer consis-~
tent with the observationg (sect. 3.3). The observed flux ratios indicate
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Table 6.1. FEstimated Evvors for SMS-GOES X-Ray Measurements

A. Transfer Function G(A) Accuracy vt 20%
B. Effectlve Spectral Shape G (sect. 3.2, 3.3)
1. High 1-8 A flux intensitites:
2(1-8 A) > 107% un 2 n o+ 107
2. High §w4 A flux intensities:
9G4 A) 3 10770 w2 vt 15%

(Higher errors may occur during the decay of solar flares)
C. SMS-1 Ultraviolet-Photoelectron Effect (see sect. 4.5)

D. Telescope Pointing Errors 2 1/2°
1. 1-8 A +2% to -0%

2. %—4 A +8% to ~0%

E. Intensity Resolution
1. Flux intensity at the high end of a gain range v 0.3%
2. Flux intensities at the low end of a gain range
except for the lowest available gain range. v 3%

F. Occasional Sources of Error
1. Range Switch Transients (sect. 4.1)
2.  Eclipse Temperature Decreases (sect. 4.3) < 3%
3. Isolated Bad Points (sect. 4.7)

-2 7., =2

or Q(iwé AY v 10 ‘Wm °,
except during the decay of solar flares when they can occur at values up to

«1:(—-4 a) ~ 107 % o2,

these problems occur below $(1-8 A) ~ 10—6W m

The relative errors caused by the limit in intemnsity resolution increases_
inversely with the flux intensity over each gain range. The three highest gain
ranges each involve about one decade in intensity resulting in the values given
in Table 6.1. The lowest gain range extends to flux intensities lower than
one-tenth the maximum value of the range, so the relative error caused by the

limit in intensity resolution is quite large at the low flux end of the lowest

flux range.
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Considering all errors combined, for flux levels of terrestrial signifi-
cance, the overall error for 1-8 A measurements should be about +40%. For the
rise and maximum phases of solar flares, the %—-4 A flux should be accurate to
about +50%.
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7. ARCHIVE DATA

The SMS and GOES X~ray data since July 1, 1974, are archived in World Data
Center for Solar Terrestrial Physics A, NOAA Environmental Data Service,
Boulder,_Colorado 80302. Copies are available at the cost of processing ex—
penses. The archived data are in two forms: magnetic tapes of digital data
for computer processing and microfilm sémilog graphs. Figure 7.1 shows one
microfilm frame. The graphs cover one hour of data, starting at the hour
listed in the upper right hand corner. The satellite involved is listed at the
upper left. The day number of the year, the year, the month, and the day of
the month appear as numbers along the top of the graph. Each X-ray measurement
is plotted in watts ij as a point, usually about every three seconds. Normally,
the points are so close together that they form a continuous curve. Two range
switching spikes are evident in each X~ray channel during the rise of the
class X5 solar flare shown in the figure. Table 7-1 describes the archive
magnetic tapes of X-ray data. The X-ray. data are usually three seconds apart
in time except when "missing points" (see sect. 4.6) occur or when the original
recording of data tapes has malfunctioned, e.g., because of "crashes" or fail- -
ure of minicomputers. Dwell mode data also are excluded from the archive data.
Data are "flagged" to mark occasions when the data are not normal. Table 7.2
explains the flag code. Any of the four flags may be set in a particular flag
word. The siﬁgle—point correction flag is set when the correction is made (see
sect. 4.7). The single-point flux given in the archive data is the average of
the two adjacent flux values. The flag does not indicate whether the correc-
tion was made in the %~4 A dapa, 1-8 A data, or both, but ‘this can be deter-~
mined by comparing the flagged point with the adjacent flux values. The first
point after the X-ray instrument has changed gain ranges on either channel is
flagged as an aid to identify these points (see sect. 4.1). The flag does not
identify which channel is involved, but that is evident from the data. The
next four or so 3-sec samples are also affected by the range change but are not
flagged. These data are nor corrected in the archive data tapes but are simply
marked with the flag. The eclipse flag was set whenever the satellite S-band
telemetry transmitter was turned off, which is an early step in preparing the
satellite to go into the eclipse. (The range~change, calibration, and eclipse

flags are generated from the original data tapes using data not present in the
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XRAY (WATT/METER?)

20. 30. 40, 50.
MINUTES

An example of the graphs of X-ray data from the
archive microfilm.
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Table 7.1. Reecord Structure of SMS X-Ray Archive Tapes

RECORD 1: KRONOS

2.1 LABEL

DATA RECORD 1 —- 512 WORD, GENERAI, INFORMATION

WORD: NUMBER
1-3 DATA TYPE
4 SATELLITE ID (1=SMS~1, 2=SMS-2, 3=GOES-1)
5 YEAR
6 MONTH
7-37 SATELLITE POSITION
38-62 FLAG CODE INFORMATION

63-512 UNUSED

DATA RECORD 2 to N

WORD: .
1-12 AVERAGES WITHIN 5 MINUTE INTERVALS
13-512 X~RAY DATA IN 4-WORD GROUPS
1 SECONDS OF YEAR
2 1-8 A X-ray flux in W 'rn_2
3 %-4 A X-ray flux in W m_2
4 FLAG

Table 7.2 X-Ray Archive Data Flag Code

Least significant four flag bits.

0000
0001
0010
0100
1000

i

no flag

corrected single point error
calibration data

switch in X-ray instrument range

eclipse of the Sun by the Earth

7-3




archive data tapes. Similarly, other housekeeping data are excluded from the
archive data tape, for example, data on the temperature of the ion chambers,
the temperature of the electronics of the X-ray instrument, and the angle
between the X-ray telescope axis and the plane perpendicular to the satellite
spin axis. These data are excluded because they are not very useful to sci-

entists using the SMS/GOES solar X-ray measurements.
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