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ABSTRACT

.Two’identical instrument packages containing x-ray érystal
spectrometers were flown aboard Nike-Tomahawk sounding rockets
launched from Kauai, Hawaii, én August 8 and 11, 1967. Each package
contained eight curved crystal, nonscanning spectrometers focused
for selected wavelengths of the solar spectrum between 19 and 34 A.
During the high altitude portion of the flight the instrument axis
was aligned toward the sun by an attitude control system,

Four of the spectrometers usedAlead stearate soap film
analyzers, Three were focused for the Lyman-a, -8, and -7_lines of
C VI. The fourth was focused to obtain a measurement‘of the continuum
intensity at 26.0 K. Three spectrometers using KAP'crystals were
focused for the first three lines of the N VII Lyman series. The
eighth spectrometer had the crystal replaced by a polished aluminum
surface to test the sensitivity of the instruments to scattéred ultra-
violet light.

‘Data were obtained from all stations on the first flight. On
the second flight two of the KAP'spectrometers failed, probably

because of broken crystals. The count rates in all stations were
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essentially constant during the entire five minute period that the
packages were above the atmosphere, On both flights excellent
data on atmospheric absorption were obtained during the reentry
portién of the flight. \

From the data of the first flight, intensities of 1.8 and
0.5 X lO-3 erg/cm?-sec were determined for the N VII Lyman-o and -£
lines respectively. The x-ray flux at 19.83 b was interpreted as
continuum radiation with an intensity of 5 x 107 erg'/'cmz'-sec-ix.

The expected line structure for the C VI Lyman series was not
observed, Because of an inconsistency in the absorption‘dafa it
was suspected that the stearate stations were sensitive to x-ray
wavelengths outside the expected instrumental résolution. Labora-
tory measu}ements were made of the specular reflection of long
wavelength x-rays from lead stearate crystals. For those spec-
trometers focused on the weaker - lines and the continuum, specularly
reflected x-rays from the 40-120 R region almost certainly intro-
duced large errors. The measurement of the strong C VI Lyman-o
line was less seriously affected. When a correction was made for
the specular reflection the intensity of this line was found to be
2.9 x 1077 erg/cﬁa-sec on August 8 and 2.2 x 10"2 erg/cm?‘sec on’

3

August 11. The continuum intensity at 26.0 & was 6 x 107 and

4 x 107 erg/cm?-sec-ﬁ on the two days.
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INTRODUCTION

Studies of the solar spectrum in the extreme ultraviolet and
x-ray region have been possible since sounding rockets and satellites
have been available to carry instruments above the earth's atmosphere.
Progress was slowlat first, but techniques have imprerd rapidly in
recent years and a considerable body of experimental data has been
éccumulated since the first rocket flights in the late 1940's.

The general character of this portion of the sun's spectrum has
been well established and is discussed in detall in a paper by
Tousey (1). Down to a wavelength of 2085 A the spectrum is very
similar to the visible region, consisting of a strong continuum with
prdminent Fraunhofer lines, Starting at 2085 A ana continuing to
shorter wavelengths a region of continuous absorption occurs but
Fraunhofer lines are still visible. Between 2000 A and 1500 Aa
gradual change in the spectrum occurs. Emission lines appear and.
become more and more numerous as the Fraunhofer lines become fewer.
For wavelengths shorter than 1530 E the spectrum has changed
completely and consists entirely of strong emission lines above a
smooth continuum. This general appearance is maintained down to

wavelengths well within the x-~ray region.



The emission spectrum is mainly of chromospheric origin but
there are a large number of strong lines that come from the corona,
especially in the shorter wavelength region. In 1942, Edleén (2)
identified many of the coronal lines as produced by transitions in
highly ionized atoms. The presence of such emission lines, including
many produced by forbiddenltraﬁsitions,_the absence of Fraunhofer
lines in the X corona, and radio.eﬁission measurements all support
the present picture of the corona as a strongly ioﬁized, low density
. plasma surrounding the sun and extending to large radial distanées.
Although differenf techniques give somewhat inconsistent results, the
average coronal temperature has been shown to be around one million
deérees Kelvin. Temperatures as high as four million degrees have
been measured for active reéions of the sun (3). Electron densities
are about 109 per cm? in the lower part of the corona and decrease
radially to about lO3 per cm5 at 40 solar radii (3). The corons has
no known outer boundary; it extends far beyond the earth's orbit and
interacts strongly with the earth's magnetic field and upper
atmosphére.

The. characteristics of the corona in the vicinity of the earth can
be measured directly with instrumented satellites and probe rockets.
Acgurate, lohg-time measurements of particle density, temperature, and
flow velocity are currently being made. Although these properties are
largely determined by the physics of the corona near the sun, only very
general properties of the near-sun corona can‘presently berdedgced from

such near-earth measurements. The extension of this type of direct

observation offers exciting possibilities for the future, but présent



information about the corona, as with all other astrophysical plasmas,
mist be deduéed from observations of the emittéd and scattered
radiation, |

-The measurement of emission line intensities from various elements
in different stages of ionization is a particularly powerful diasgnostic
tool for the study of plasma properties for both laboratory and astro-
physical plasmas., As mentioned sbove, a lafge number of such emission
" lines originating in the corona have been observed, and the measure-
ments of these lines have already provided valuable information about
coronal conditions., The emission lines from carbon, nitrogen, and
oxygen are particularly interesting. These elements are relatively
abundant in the solar corona and produce intense lines, an important
experimental advantage. Table 1 shows the ionization potential of the
various ibnic,species of the three elements (4). Considering only'
the helium-like and hydrogen-like ions, it is seen that the ionization
energy varies from the 64 electron volts necessary to produce C V ffom
C IV up to 871 electron volts to remove the single electron from O VIII.

TABLE 1

TONIZATION ENERGY (ELECTHON voims) Of THE
VARIOUS IONS OF CARBON, NITROGEN, OXYGEN

Element I II 111 v v vi VI VIII
Carbon 11 2k L8 3 392 490

Nitrogen- 14 = 30 L7 17 98 552 667

Oxygen 14 35 55 77 .11k 138 739 811

The ionization potentialé of these elements are of the proper magnitude

to insure that their one and two.electron ions will be present in



reasonably large abundance at coronal temperaﬁures. Carbon V and VI
will be present even at the lowest measured temperatures, and 0 VIII
has a sufficiently high ionization energy to reméin abundant even at
the extreme temperatures of excited regions. The calculation of line
intensities for coronal conditions is an extremely difficult problem,
and the theoretical simplicity of the hydrogen-and helium-like ions
makes these spectral lines even more useful. The series limit for

O VIII is at 14.23 A and the resonance lines for C V are Just above
40 K. The resonance lines of the one and two electron-ions of carbon,
nitrogen, and oxygen lie between 14 and L4l i, X-rays in this spectral
region are absorbed in the atmosphere in the éltitude region from
about 90 km to 150 km and must have a very important influence on the
formation of the E region. |

Figure 1 shows the wavelengths of some of the lines of the.
hydrogen- and helium-like series from carbon, nitrogen, and oxygen.

"~ A1l wavelengths were taken from reference (5). Fawcett, Gabriel, Jones,
and Peacock (6) have used grazing incidence gratings to obtain photo-
graphs of the short wavelength spectrum emitted from a high temperature
laboratory plasma. All of the lines shown in Fig. 1, with the exception
of the N VII Lymah-7 line, are seen in the laboratory spectrum and the
wavelengths agree with the indicated values.

The short wavelength region is interesting not only for the
potential information that can be obtained about the solar corona but
also because it represents the region of overlap between the extreme
ranges of grating and Bragg crystal instrumentation. As mentioned

above (6), gratings in grazing incidence have been used in the



laboratory to make spectral measurements down to a wavelength of 13 A.
However, the shortest wavelength reached with a grating in measure-
ments of the solar spectrum was 30 A,_the photograph obtained by
Tousey (1) in 1963. The two C V resonance lines at 40.27 and 40.74 &,
and the C VI Lyman-g line at 33.74 Rk were clearly recorded in this
photograph. Crystal scans can also be made in this region as long as
wavelengths are shorter than the limit set by the Bragg condition,
kmax = ed! where d is the appropriate crystal lattice spacing. Mica
has 24 = 19.9 ﬁ, and beryl can be used for waveleﬁgths up to 15.95 R. .
Potassium acid pthalate (KAP) crystals can be used to extend this limit
to about 25 A. Crystal diffraction measurements above 25 A must be
made.using either "soap film".érystals of the type studied by Blodgett
and Langmuir (7) ;nd reéenﬁl& developed extensively by Henke (8), or
one of the more exotic organic crystals such as octadecyl hydrogen
succinate (OHS). Blake, Chubb, Friedman, and Unzicker (9) obtained
a scan of the solar spectrum from 13 to 25 i using a KAP crystal
and identified many of the lines shown in Fig. 1. Two attempts to
scan with a larger 2d spacing crystal, one using a magnesium
lignocerate soap film and one usiﬁg an OHS crystal, were unsuccessful.
Measurements of the solar spectrﬁm from rocket borne instruments
using gratings or flat Braggvcrystals require a sophisticated pointing
control to maintain the required aécuracy and stability of the instru-
ment package during the time that the measurements are being made.
In 1964, Argo, Bergey, Henke, and Montgomery (10) used curved Bragg
crystals to make measurements that overlapped in wavelength the data

of Tousey (1), obtained with a grating, and those of Blake (9),



Fig. l.-Emission lines from the hydrogen- and helium-like
ions of carbon, nitrogen, and oxygen, For the one electron C VI,
N VII, and O. VIII the lines are the first three members of the
Lyman series (2s 1/2 For the two electron C V, N VI,
and 0 VII, the liées are ffoé the resonance series lSO - lPl)
plus the intercombination line . lSO Pl). - “
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obtained with a flat crystal scan. A combination of mica and leéd
stearate soap film crystals were used in eight, nonscanning, curved
crystal spectrometers to measure the intensity of selected lines in
the 16-44 A region. Included, among others, were the O VIII Lyman-o
and Lyman-P lines at 18.97 and 16.01 A observed'by Blake (9), the
two C V resonance lines at 40.27 and 40,74 A, and the C VI Lyman-o
line at 33.7h4 A photographed by Tousey (1). The curved crystal:
geometry has the advantage of integrating unifofmly over the entire
solar disk and has a m;ch larger angular acceptanée than a grating
or a flat crystal. Thus the pointing requirements are much less
stringent., The résolutibn was comparable to thét of a flat crystal
spectrometer‘;sing the same crystal but measurements were made only
at fixed\wa&elengths and a continuous scan was not obtained. The
results of these earlier measurements are discuésed in more detail
in Part IV,

Although the intensities of several of the lines in the 16-4k i
wavelength region have been previously measured, 6nly the first lines
of the C VI and N VII Lyman series are included. The relative intensi-
ties of two or more lines from the same series is an important parameter
for direct compafison»with coronal ﬁodels. Carbon is particularly
attractive beéauée of its high solar abundance and because the small
ionization potential of C V should make the intenéities of the emission
lines less sensitive to local active areas on the sun. Nitrogen, being
less abundant and having larger ionizétion potentials, would be expected
to produce weaker lines that are more variable with solar activity;

but a measurement of the Lyman lines of N VII was considered feasible
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and important for comparison with the carbon data and the previously
meésured oxygen data. The purpose of this experiment was to measure
the intensities of the first three lines of the Lyman series from

C VI and N VII in the solar spectrum.

The solar x-ray spectrum in the 16-4l A region is not completely
established, but based on the results of the scanning crystal spec-
trometer, Blake (9) conéluded that most of the energy was contained
in the emission lines. Widing (11), in an interpretation of the
grating photographs of reference (1), also assumed that thé emission
lines were very strong compared to the continuum. For a spectrum in
which emission lines are dominant, the'absdlute intensities of
selected lines can be measured with nonscanning spectrometers focused
for the proper wavelength. In many respects this type of measurement
ié simpler and more accurate for absolute line intensities than either
a8 scanning spectrometer or a grating.

Measurements of the solar spectrum with a scanning spectrometer
or a grating require an alignment of the instrument axis toward the
sun with an accuracy of a few minutes of angle. A fixed-focus, curved
 crystal spectrometer can be made to have a resolution comparable to a
scanning spectrometer but with angular accéptance of a few degrees.
The pointihg accuracy required for the fixed-focus spectrometer is at
least an order of magnitude less stringent.

Calibration is a difficult problem for any type of instrumentation
in the soft x-ray region. The determination of line intensities from
scanning spectrometer data is difficult because of the complicated

folding together of the instrumental angular response and the spatial



distribution of sources on the splar disk. Grating photographs
_provide excellent resolution but uncertainties in instrumental
sensitivities, particularly film sensitivities, make absolute - A
intensity measurements difficult. Using open photomultipliers to,
scan the spectrum from a grating avoids the problem of film sensi-
tivity bﬁt replaces it with the almost equally difficult task of
determining the photoelectric sensitivity of the multiplier cathode,
In Part.II of this paper the sensitivity of the curved crystal
spectrometers is discussed in detail. It is shown that this type

of instrument integrates uniformly over the solaf disk to give an.
average intensity for the x-ray wavelength to which it is sensiti&e.
It is also shown that the curved crystal geometry simplifies consider-
ably the cfystal efficiency calibrations.

For a scanning spectrometer any particulgr emission line is
observed only during the time that it takes the spectrometer.to scan
across that line. For the fixed-focus spectrometers each emission
line is continuously observed during an entire rocket flight. The
continuous observation significantly increases the statistical accuracy
of the measupement of an emission line infensity and makes it possible
to measure much weaker l;ﬁes. The continuous observation of particular
lines i; impértant for measurements of the x-ray absorption in the
atmosphere since 1t provides an accurate determination of the exact
altitudg where absorption occurs.

The nonscanning spectrometers provide spectral information only A
.at pre-selected wavelengths, and the interpretation of results from

this type of instrument must be based on independent information or

10



assumptions about possible competing lines and continuum intensities at
the selected wavelengths. The N VII Lyman series lies in the‘épectral
region covered by the scanning spectrometer of referenée (9). Here
the assumption that the emission lines can be isolated and meaéured

by fixed-foéus spectrometers seems to be gquite good. The grating
photograph of reference (1) shows the C VI Lyman-o at 33.74 A as an
isolated line that can be measured with a nonscanning 1nstrument.'

The rest of the carbon Lyman series lies between 25 and 28,47 A, a
region of the solar spectrum that has never been successfully

observed with either a grating or a scanning spectrometer. The
presence in this spectral region of emission lines from elements other
than carbon, nitrogen, or oxygen could certainly introduce ambiguities
into the data from nonscanning instruments.

The advantages of less stringent pointing requirements, more
accurate calibration, and continuous observation of a particular line
make fixed-focus spectrometers very attractive at this time for measuré-
ments of absolute line intensities, despite the lack of spectral
information.

As with all measurements of the extreme ultraviolet and x-ray
reglon of the solar spectrum, observations must be made aboﬁe the earth's
’ abéorbing atmosphere, During the past séveral years the Sandia-
Corporation of Albuguerque, New Mexico, has developed the two-stage
Nike-Tomahawk sounding rocket as é small, high performance launch
vehicle. The sixteen-inch diameter Nike is used as a booster for the
nine-inch Tomahawk~rockef. The two-stage combination can 1ift a nine-

inch, 150-pound payload to an apogee of about 330 kilometers, This
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gives a flight time above 180 kilometers of more than five minutes.
Since 1964, Sandia Corporation and the Los Alamos Scientific Laboratory
have cooperated in a series of solar x-ray measurements.using the
Nike-Tomahawk rocket as a launch vehicle. Sandia maintains and oper-
ates a complete rocket launch facility on the island of Kauai,
Hawaii, and several of the launches have been made from that range.

The present experiment was a continuation of this series of
rocket launches to measure solar x-ray emission, A rocket package
containing eight curved crystal spectrometers, each focused for a
particular wavelength, was designed to fit into the nine-inch payload
. compartment of the Tomahawk rocket. .The package was mounted on an
attitude control system, also developed by Sandia, that was designed
to point thé experimental package toward the sun to an accuracy of
better than one degree. These were the first instrument packages to
. be flown with the new pointing éontrol.

Two. launches were made, on August 8 and 11, 1966, froé?the
launch range on Kauai. On both flights the attitude control system
performed well and excellent data were obtained. In Part I the
instrument package is described and the raw data are presented. The
spectrometer sensitivities are discussed.in Part II, and x-ray_flux
values are détermined from the raw data., For several of the stations the
flux values were quite surprising. In Part III the data are examined
in detail to assure their validity. In particular, the atmospheric
absorption data obtained during reentry are uéed to show that the
.measured fluxes were indeed x-rays and not spurious counts. fart IV is -

a discussion of the possible significance of the measured flux levels.
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I. DESCRIPTION OF THE EXPERIMENT

Flight Spectrometeré

Two identical instrument packages were flown aboard Nike-Tomahawk
sounding rockets launched from Kauai, Hawaii, on August 8 and 11, 1966.
Each package contained eight curved‘crystal, nonscanhing spectrometers.
Each spectrometer was focused for a particular x-ra& wavelength, Table 2
lists the wafelengths for each of the stations, the emission lines

TABLE 2

SPECTROMETER STATION NUMBERS AND FOCUS WAVELENGTHS

Station Focus | Type of Emission
Number Wavelength (A) Crystal-2d (A) Line

100 33 ,7h Pb-S - 100 .Lyma_-nﬁ“-o:

200 28,47 Pb-S - 100 Lyman-8

300 26.99 Pb-S - 100 Lyman-y

4Loo 24,78 KAP - 26.59 Lyman-o

500 20.91 KAP - 26,59 Lyman-8

600 19.83 ' KAP - 26.59 ' Lyman-y

700 - 26,00 Pb=3 - 100 ° Continuum

800 (19.83) None - Al mirror ‘ Uv Background

expected at that wavelength, and the type of crystal that was used.
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Stations 100, 200, and 300 were focused for the C VI Lyman-o, B and 7y
lines respectively. Lead stearate soap film crystals)(?d = 100 A)
were used for these carbon stations. A fourth lead stearate stationm,
number 700, was focused for a wavelength of 26 E, where no strong _
emission lines were expected. Since the stearate crystals have
relatively poor resolution and thus integrate over e wavelength'inter-
val tnat is large (Rsl A) compared to line uidths,-a weak continuum
can introduce considerable background into measurements of the intensi-
ties of sharp 1ines. Station 700 was meant to provide a measurement
of the strength of the continuum at a wavelength close to.the cCVvliy
line that could be used for a first-order correction for this error.
Stations 400, 500, and 600 were focused for the first three lines of
the Lyman series from N VII and used KAP crystals with 24 = 26.6 k.
There was little ch01ce available in the . selection of the type
of crystal to be used for the variéus lines,. Fur vbserving the earbon
lines the soap film crystals were the only ones.available witn a
sufficiently large 2d spacing that could be made lerge enough for use
in this type of spectrometer; The only available.crystal with a
large enough 2d spacing to be used for the N VII Lyman-a line and
at the same time with good enough resolution to separate this line

2 l

from the neighboring N VI, 1s - 1s3p lPl, line was KAP. Since

O
it was considered important to measure all the lines of one series
with the same type of crystal to improve the accuracy of relative

intensities, KAP was also used for the other two nitrogen lines,
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Scattered ultraviolet photons present a very difficult problem
for measurements in this wavelength region. To provide a check on
how effectively the spectrometers discriminated against scattered
ultraviolet light, station 800 was included in tye package. This
station was an exact replica of station 600, except that it was
flown with the crystal replaced by a polished aluminum mirror. To
the degree that station 800 was "blind" to the sun, it would provide
assurance that the counter windows and ultraviolet filters were
effective in eliminating counts caused by scattered photons of
longer wavelength. The behavior of station 800 did not, of course,
give any‘specific information about the behavior of any of the other
seven stations, and réndom féilures or undetected flaws in other
counters were always a possibility. Station 600 was in a sense an
additional check on possible ultraviolet contamination since the
intensity of the N VII Lyman-7 line was expeéted to be close to the
detection threshold. If the line or continuum intensity proved
higher than expected, this would be a valuable measuremeént; but even
if this station recorded no counts above cosmic ray background it
would provide additional assurance that scattered ultraviolet was
not causing a problem.

Figure 2 1s a line drawing of the Johann curved crystal geometry.
The crystal is bent to a radius "R" and the entrance aperture is
located on the tocusing circle of radius "R/2" at the appropriate
Bragg angle. The detector is located on the focusing circle sym-

metrically opposite the‘entrance aperture. A drawing of a flight
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Fig. 2.-The Johann curved crystal geometry.
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spectrometer is shown in Fig. 3. The knife edge 'stop" was placed
a distance "h" above the crystal surface to limit the angular
acceptance in the plane of dispersion to 2.5°, All of the design
parameters are defined in this drawing and the values of these
parameters for each of the eight stations are given in Table 3.
Figures 4 and 5 are photoéraphs of flight spectrometers. Figure L
shows a ;ta£ion 40O and a station 760 spectromefer in "skeleton"
form. Figure 5 shows two station 760 spectrometers, one with only
the crystal attachea and the other after asseﬁbly was complete,
The crystal is iﬁ place, the Geiger counter window and ultraviq}et,r
filter are mounted, and the aluminum cover plates ha&e been attached.
All openings except the entrance aperture have been covered with
Teflon tape to prevent any ultraviolet light leaks., The geometry of
each statibn is, of course, different and this to some extent influences
the fochsing propérties and resolution of the various spectrometers.
This is discussed in detail in Part II in cdnnectién with the spec-
trometer sensitivities, .
Crystals

The lead stgafate crystals (more accuratel&, lead stearate-
deconoate c;ystals since a mixfure of stearic and deconoic acid was
used) flown in the spectrometers were made in the laborétory according
to the érocedure developed by Henke (8). A mixturé of 25% stearic
and 75% deconcic acids was diséolved in N-hexéne,uusing about one
milligram of the acid mikture to one miliiiiter of N-hexane., A few
drops of this mixture were placed on the surface of a dilute solution

of lead chloride contained in a large Teflon tank. The acids reacted
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TABLE 3

: *
DESIGN PARAMETERS FOR CURVED CRYSTAL SPECTROMETERS

Station A(1)  2d(A) 8 R{in.) h  K(in.) a Xg X, ¢ & f 2
() ()
100 33.74 100 19°43 1 10 w2  0.80 675 18 18 675 136 90 675
200 28.47 100 16° 321 10 118 0.80 569 13 0 569 112 80 569
300 26.99 100 15°40! 15 166 .1.20 810 18 18 810 154 90 810
hoo 24,78  26.6 68° 46" 6 560 0.48 895 23 33 895 225 110 895
500 20.91 26,6  51°52° 6 291 o8 755 12 28 755 192 90 755
600  19.85 26.6  u813® 6 257 0.8, T16 12 2k 716 177 80 716
700 26.00 100 15° 04! 15 160 1.20 780 17 17 780 18 90 780
800 Uv none 48°13¢ 6 257 0.48 716 12 2k 716 177 80 716»

3* .
All linear dimensions in mills unless noted otherwise.



Fig. 3.-Drawing of a flight spectrometer.

20

i)



e




Fig. 4.-Photograph
spectrometers.

of two partially assembled
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Fig. 5.-Photograph of two assembled flight spectrometers.
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with the lead ions in the solution to form an insoluble "soap film"

of lead stearate-deconoate. Successive layers of the film were
deposited on carefully cleaned mica substrates by alternately dipping
the substrate vertically into the solution and then slowly withdrawing
it. The film was thus "folded" onto the substrate, resulting in
double layers of metal ions separated by a distance equal to twice

the length of the molecular chains. The film was confined to the
central section of the rectangular tank by a floating barrier that

"arms" that passed through the centers of

was connected to two wire
solenoids. By adjusting the current through the solenoids a constant
force was applied to the barrier and thus to the film throughout the
dipping process. The quality of the crystals produced in this way
is very sensitive to such things as the optical flatness and degree
of cleanliness of the mica substrates, the pH of the tank solution,
the temperature of the tank solution, the speed with which the
substrate was raised and lowered, and the number of dust particles
inadvertently picked up with the film. The procedure was mechanized
to the extent of a motor-driven dipping arm with adjustable speed and
an automatic counter, and the crystals were made on a "dust-free"
bench. 1In spite of a considerable effort the crystals were not all
of uniform quality. Each crystal was checked for reflection effi-
ciency and natural width and only the best were selected for the
flight instruments.

The KAP crystals were obtained by cleaving 0.005-in. thick

sheets from 2 X 1 x 1/4-in. thick single crystals purchased from

Isomet Corporation.
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Both types of crystals were mounted to the concave surface of

"

aluminum "mirrors" machined to the proper radius. Considerable
care was taken to insure that the crystals were held firmly against
the surface of the backing mirrors. The KAP crystals were held in
place by an aluminum frame machined to mate to the curvature of the
backing mirror. The larger stearate crystals on the mica substrates
were held along their curved edges with strips of phosphor-bronze
that acted as springs.

Geiger Counters

Continuous flow Geiger counters were used as photon detectors
for all eight spectrometers. With the exception of entrance aperture
sizes, the counters were identical for all stations. A drawing of
the counter is shown in Fig. 6. The counter bodies were machined
from brass and then all surfaces were plated with a thin layer of
nickel., The nickel plating on the inside surfaces was found to be
very effective in reducing background counting rates. The counter
wire was 0.002-in, tungsten, and black nylon was used to fabricate
the insulating end-caps. The small nipples on the side of the counter
were the entrance and exit ports for the counter gas. The counters
were operated at one atmosphere of pressure during the flights.

As mentioned in the introduction, scattered ultraviolet light
is a very serious problem for any measurement made in this wavelength
region., Ultraviolet photons that enter the Geiger counter volume
will produce counts with a reasonably high efficiency, and the

integrated intensity of all ultraviolet photons is many orders of
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Fig. 6.-Drawing of a flight Geiger counter,
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magnitude greater than the intensity of the x-ray lines. For this
reason a major part of the effort of building these instruments was
devoted to insuring that the spectrometers were blind to scattered
ultraviolet light, but would at the same time transmit a reasonable
fraction of the incident x-rays.

The Geiger counter windows had to satisfy four stringent
requirements: they had to be strong enough to withstand the envi-
ronment of a rocket launch, be able to support a pressure difference
of one atmosphere during the flight, be thin enough to have a
reasonable transmission for the x-ray photons, and be as opaque as
possible to scattered ultraviolet light. Since the performance of
these windows was so critical to the success of the experiment,
their fabrication will be described in detail.

An aperture of the correct size for a particular station was
machined in a 1/16-in, thick stainless steel blank. After cleaning
the blank, the edges of the aperturc on one side were carefully
rounded by polishing. A section of 200 lines-per-inch nickel mesh,
selected under a microscope for uniformity and lack of rough edges,
was then epoxied to the polished side of the blank so that the
aperture was completely covered.

Thin Formvar films were made by placing a few drops of a 1l
solution of Formvar in 1,2-dichloroethane on the surface of a dish
of water. This was done inside a Plexiglass enclosure to avoid dust
particles. The humidity inside the enclosure was kept very high

(about 80%) to reduce the rate of evaporation of the dichloroethane.
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This was found to give a decided improvement in the uniformity of
the film, The thickness of the Formvar film could be judged fairly
accurately by its color. When a film of the desired thickness was
obtained, it was lifted off the water by raising a thin aluminum
frame up from below the surface. The film was lifted in such a way
that it folded over the frame to form a double layer. This effec-
tively eliminated most of the pinholes in the film. The Formvar
double layers were then laid over the window blanks so that they
covered the aperture and were supported by the nickel mesh. Two
double layers were used for the long wavelength stations and three
double layers were used for the shorter wavelength stations where the
mass absorption coefficient of Formvar was much smaller. Each
single layer of Formvar was about 15 ug/cm? thick, so the total
thickness of the pressure windows varied from approximately

60-90 u.g/cm2 .

After the films were dry they were tested in a vacuum-pressure
test chamber for leaks. The test chamber was arranged so that the
volume on one side of the counter window could be evacuated to a
few microns while at the same time the volume on the other side could
be pressurized to 1.2 atmospheres. For each window the final pressure
attained in the vacuum chamber was recorded and compared with the
pressure that could be attained when the window was replaced with a
solid blank. Any window for which there was a measurable difference
was discarded.

The final, and most difficult, step was to vacuum-deposit a

uniform layer of aluminum 25-30 ug/cm? thick onto one side of the
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Formvar film without damaging it. The windows were placed on a
rotating table, and the aluminum was evaporated from a tungsten
filament located seven inches above and to the side of the table.
To avoid damage to the films from the heat of the filament, the
deposition was done very slowly, taking about an hour to deposit a
25 ug/cm? layer. After the deposition was complete the films were
again pressure-tested as described above and all defective windows
were discarded.

The surviving windows were then tested for light leaks using an
ultraviolet source and were then x-ray calibrated. They were pressure-
tested a third time before being accepted for use on the flight
instruments.

It was found that a single aluminized Formvar window was not
sufficiently opaque to ultraviolet radiation. Even with windows
having much thicker than normal aluminum layers that were almost
certainly free of pinholes, the counters still had high count rates
when exposed to an ultraviolet flux. The counts were apparently
caused by photoelectrons that were ejected from the aluminum layer
and entered the counter volume.

To avoid this problem, a second aluminized Formvar film was
placed behind the pressure window. This second ultravioclet filter
consisted of a very thin (25 ug/cm?) Formvar film that covered,
unsupported, a large aperture in an aluminum frame. Approximately
30 ug/cm? of aluminum were vacuum-deposited on each side of the

Formvar film. These filters were extremely fragile, but by mounting
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them behind the pressure window (i.e., inside the counter) they were
protected from the sudden pressure changes that occurred in the
package during the early parts of the flight.

The complete window-ultraviolet filter assembly consisted of a
"sandwich" containing, from the outside in, the pressure window, a
thin neoprene gasket, the ultraviolet filter, and a second neoprene
gasket. The soft gaskets provided a seal to prevent gas leaks from
the counter and also protected the ultraviolet filter from mechanical
shock, The "dead" gas space between the pressure window and the
ultraviolet filter was only as thick as the compressed neoprene gasket
that separated them, and the x-ray absorption in this volume was
negligible compared to the absorption in the aluminum and Formvar.
The two films had a total thickness of about 90 ug/cm? of aluminum
in three layers and about 90-120 ug/cm? of Formvar. A photograph
of a counter body, a pressure window, and an ultraviolet filter is
shown as Fig. 7.

Counter Gas Supply

The window structure described above precluded the use of a
sealed Geiger counter assembly because the windows could not be made
sufficiently vacuum tight to prevent poisoning of the counter gas
over long periods of time. A supply of counter gas sufficient to
provide a continuous flow during the entire flight was carried as
part of the package. The pressure vessel for the counter gas was a
doughnut shaped container designed to provide a maximum volume in a
shape that was convenient for packaging in a rocket. It was filled

to a pressure of 2400 psi. Gas from the supply bottle passed through
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Fig. T.-Photograph of a flight Geiger counter, a pressure
window, and an ultraviolet filter.
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a regulator which reduced the pressure to 10/9 of an atmosphere and
then into an input manifold. From the input manifold the gas was
supplied in parallel to each of the eight counters, then from each
counter back to an exhaust manifold. Neoprene tubing with l/H-in.
o.d. and l/8-in. i.d. was used for the gas plumbing. For each
separate counter a flow restrictor (Type A) was placed in the gas
path ahead of the counter and a second flow restrictor (Type B) was
placed in the exhaust path. The upstream restrictor prevented a
catastrophic exhaustion of the gas supply in the event of a pressure
window failure on any of the counters during the flight. The flow
restrictors were made by Dell Manufacturing Company and consisted of
a sintered metallic powder compressed to give the desired flow
resistance, They were ordered with a resistance less than the desired
value and then adjusted to the final value in the laboratory.

Figure 8 is a schematic of the gas supply system. The flow rate

through any counter was

P - P
2 R (1]
A B
where Pr = output pressure of regulator
Pe = exhaust pressure
RA = flow resistance of Type A restrictor

flow resistance of Type B restrictor.

o

The total flow rate was the sum for all eight stations. The pressure

in a counter was
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' ‘ P -P
r e
P =P + f=P +R [=———]. (2]
c e RB e IB(RA + RB)
Requiring that Pc = 1 atmosphere when Pe = 0 (during the flight) and

that Pc = 1.1 atmospheres when Pe = 1 atmosphere (maintains a positive

pressure in the counters while on the launcher) leads to the following

conditions:
52 =9; : (3]
Ry
10
P = ) atmospheres. : [hl
The actual values of RA and RB are ‘determined by the desired flow rate.

Maintaining an exact flow rate was not critical, but the ratio of RA
to RB determined the pressure in the counter and had to be adjusted
accurately. For this reason the restrictors were calibrated in'pairs,
one Type A and one Type B, and were carefully adjusted to give one
atmosphere of pressure in the counter under flight conditions, This
adjustment could be made to an accuracy of one percent.' The restrictors
were then kept together and used as a set. The pressure regulators were
adjusted for the proper output pressure while a flow rate that was |
approximately the same as would exist during the flight was.maintained.
Each regulator was tested to insure that the output pressure remained
constant for variations of input pressure from 3000 psi down to less
thén 100 psi. |
Data System

The individual counts from each defector were recorded in separate

ten-bit scalers. These scalers were read serially into the telemetry
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Fig. .8.-Schematic= drawing of the counter gas supply system.
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system, and reset to zero after each reading., A ten-bit sync word
always preceded the data from station 100. The complete data frame
consisted of 90 bits; the pen-bit sjnc word followed by eight
ten-bit data words. The déta were telemetered to the groupd at a
rate of 360 bits per second, or four complete data frames per second.
For each counter, then, counts were accumlated for 1/4 second, after
which the scaler was read and erased. This prévided for count rates
up to 4096 counts/éec without exceeding the scaler capacity. The
data were transmitted on two telemetry channels for redundancy and
recorded on the groupd on magnetic tape. A block diagram of the
electronics is shown in Fig. 9. A completed set of electroniecs and
a battery pack is shown in Fig. 10,

Complete Package and Pointing Control

Figufe 11 is a photograph pf a completely assembled package,
and Fig. 12 shows four packages in various stéges of assembly. The
pressure vessel for theAcounter gas is at the bottom and above this
the electronics is mounted around the outside of the battery pack.
Directly above the electronics is the base plate that supports
several heavy vertical plates. The individual spectrometers are
attached to the vertical plates. As mentioned earlier, the curved
crystal specfrometer; have a very wide angular acceptance compared to
either a flat crystal spectrometer or é grating. Anéular misalign-
men@s of as much as l/h.deg change the spectrometer sensitivities
by no more than a few percent. By fabricating all the structural

parts of the package on tape-operated machines and carefully inspecting
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each part to ensure that the specified tolerances were met, alignment
accuracies better than 1/4 deg were easily obtained.

The instrument packages were mounted on a biaxial attitude control
system (ACS) developed by Sandia quporation of Albuquergue, New
Mexico. Approximately 68 seconds after the launch of the Nike-Tomshawk
rocket, the nose cone covering the payload compartment was ejected.
~ After nose cone ejection the payload was separated from the Tomahawk
rocket. The rocket was spin stabilized during the flight through the
atmosphere, and the payload at this time had a significant spin rate
(about 8 rps). The first function of the ACS was to reduce this spin
rate to‘iero. Two heavy weights thaﬁ had been attached in recessed
compartments to opposite sides of the payload were released by cutting
with an explosive guillotine the cables that held them 1n'place. The
- welghts were attached to long, flexible cables wound in a spiral
recessed groove around the outside of the payload. As the weights
unwound from the payload, the payload spin rate decreased. When
the cables were completely unwound they were released from the payload.
This so-called "yo-yo" despin mechanism removed most of the spin
angular momentum of the payload. A rate gyro was used to sense the
magnitude of the residual spin rate and the signal from the rate gyro
was used to activate vernier gas Jets that reduced the spin rate to
zero, After the spin rate was reduced to zero, the next function of
the ACS was to align the payload axis to point at the sun. A solar
sensor mounted to the payload and optically aligned with the experiment

base plate provided anguiar position data on the location of the solar
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Fig. 9.-Block didgram of the electronics system.
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) A Fig. 10.~-Photograph of a battery pack and a complete set of -
electronics. ‘ . ~ ' - .
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Fig. 1l.-Photograph of a completely assembled instrument
package.

L6



b7



Fig. 12.-Photograph of four instrument packages in different
stages of assembly.
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disk relative to the payload axis. Analog error signals from the sun
sensor were used to activate gas Jjets that provided the thrust to
orient the payload. The ACS system was designed to provide a pointing
accuracy of better than 1/4 deg.

Description of the Two Flights

For the first flight on August 8, the ACS performed generally
as expected. The payload spin rate was reduced to zero immediately
after separation from the Tomahawk rocket, and at 114 seconds after
launch the payload axis was pointed to within one eighth of a degree
of the center of the solar disk. The pointing was maintained through-
out the high altitude portion of the flight. The pointing system
lost control of the payload during the reentry phase of the flight at
an altitude of about 85 kilometers when the aerodynamic drag forces
became too large. The trajectory of the first flight is shown in
Fig. 13. Launch corresponds to time zero and the telemetry signal was
lost at 518 seconds.

On the first flight there was a fairly serious electrical noise
problem. The pitch and yaw gas nozzles fired intermittently during
the entire flight, and the firing of the nozzles fed noise into the
data system causing bit errors in the data word. This happened at
random times, but often enough to make it very difficult to read the
magnetic tapes with a computer. To recover the data it was necessary
to read by hand high-speed visicorder traces made from the tapes.
About one third of the data words were found to be unaffected by the

noise. The payload was above any sensible atmosphere for about
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360 seconds, so there was a total of about 120 seconds of good data,
Since the count rates ranged from 70 counts/sec for station 600

to over 12,000 cqunts/sec for station 500, and were effectively
constént in each station throughout the flight, it is clear that
120 seconds\of good data were mofe than sufficient to give statis-
tical limits thét were much smaller than other uncertainties in

the experiment. For the measurement of the incident flux above the
atmosphere the noise problem caused no real degradation of the data.
However, data were obtained continucusly during the early reentry
portion of the.flight down to an altitude of 85 kilometers. Essen-
tially fotgl absorptionvfor all the observed x~-ray lines occurs
above 90 kilométers, and the loss of two fhirds of the data words
during the very short time that it took the payload to fall through
the region of the atmosphere where absorption takes place did
seriously degrade the absorption-versus-altitude information fof the
low count rate stations 400, 500, and 600.

On the second flight the attitude control system-acquired the
sun at 95 seconds after 1aunch and maintained excellent pointing from
that time until reentry. As on the previous flight, data were obtained
continuously down to an altitude of 1e§s than 90 kilometer#. There
were no electrical noise problems on this flight. However, two of the
KAP stations recorded exﬁremely low count rates, barely above the
cosmic ray background level,.indiéating a failure in the stations.
Shortly after this flight a spare packaée was disassembled and one of

the three KAP crystals was found to be broken, Since the 0.005-in.
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Fig. lB.—Nike-Tomahéwk rocket trajectory for the flight of .
August 8, 1966. . S
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‘Fig. 14 .-Observed counting rates for the high altitude
portion of the August 8, 1966 flight.
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Fig. 15.-Observed counting rates for the high altitude
~ portion of the August 11, 1966 flight.
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Fig. 16.-Observedv counting rates for the reentry portion of
the August ‘8, 1966 flight.
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Fig. 17.-Observed counting rates for the reentry portlon of
the August 11, 1966 flight.
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sheets of KAP used on the specfrbmeters were very fragile, the failure
of these two stations could have been caused by broken crystals.

Observed Count Rates

The éount rate data from the two flights are shown in Figs. 1k
throggh 17. The.first tyo figures show the portion of the flight
from acquisition of the suﬁ to the beginning of atmospheric absorption.
Figures 16 and 17 show on an expanded time'scale the portion of the
flight during which atmospheric absorptioh occurred. The data from
sﬁation 800, the ultraviolet background statibn, are not shown because
the count rates were too low to plot on this scale.,  Each point on
- the curves is the average counp rate over a 1l0-sec interval.

Because of the excessive time required to read by hand the data
from the first flight and because of the essentially constahf count
rates'while‘the package was above the atmosphere, averages were taken
at several selected times but not for the entire flight. Howeﬁer, all
‘the data for this flight were read for that portion of the flight
during reentry where atmospheric absorption occurred. The background
éount rates for all stations prior to acquisition of the sun were
very low, averaging about 4 counts/sec. In the first flight the count
rate in stat;on 800 increésed to around 14 counts/sec when the pointing
control acquired the sun, indicating a slight sensitivity to scattered
ultraviolet photons. On the second flight there was no detectable
change in the count rate of station 800 when the sun was acquired.

~ As can be seen from Figs. 1k and 15, the count‘rates were very

nearly constant through the portion of the flight above the atmosphere.
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Table 4 gives the average count rgte for each of the stations for both
flights. To convert these count rates to flux values it is necessary
to know the efficiencies of each of the stations. The spectrometer
efficiencies are the subject of Part II, where the focusing and
resolution are considered in deté&l and the calibration methods are
discussed.

TABLE 4

AVERAGE COUNT RATES OBSERVED ABOVE THE ATMOSPHERE

Station wavelength (1) Average Count Rate (counts/sec)

‘ August 8, 1966  August 11, 1966
100 33.7h 1,224 530
200 28.47 ' 2,50k 672
300 - 26.99 : : 12,536 3,100
400 2L.78 ; | 234 ‘ -
500 : 20.91 . 82 -
600 . - 19.83 . 58 ' 129
700 .. 26,00 , 3,736 : i,8oo
800 Uv o 4
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II. SPECTROMETER SENSITIVITIES

Johann Curved Crystal Geometry

Flux values are determined from the counting rates of the stations

by the relation‘

F = EC (5]
where F = incident flux (photons/cm?-sec)
C = observed count rate (counts/sec)
Et = total spectrometer efficiency (photons/cm?-count),

Ideally theAvalue of Et would be determined in one experimental step
by exposing a completely assembled spectrometer to a known flux of
xX-rays of the appropriate wavelength and measuring the resulting

count rate. In practice this is not possible. Once the crystals have
been bent to the proper radius and attached to the spectrometers, the
instrument is sensitive only to x-rays of the wavelength for which
the spectrometer is designed. The emlssion lines of the one electron
ions of carbon and nitrogen cannot bg generated using conventiénal
x-ray sources and none of the x-ray lines available in the laboratory
has the correct wavelength. The emission lines from these one electron
ions can be obtained in the laboratory from high temperature plasmas
but their usefulness as calibration sources is limited because of the

extreme difficulty of obtaining reproducible, calibrated intensities.
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Since a direct calibration of the coﬁplete spectrometer was not
possible, the spectrometer sensitivities were determined by defiving
as accurately as possible the functional relationship‘between the
various parameters of the spectrometer system and then measuring
experimentally the values of each of these individual parameters.
This procédﬁre is clearly 1e§s desirable than a one~step type of
calibration and introduces some uncertainty into the final flux
values, It should be pointed out,.however, that this type of
‘calibration difficulty is shared to about the same degree by all
expefiments done iﬁ this anelengthbregion.

To arrive at an analytical expressibn for the spectrometer
sensitivities it 1is necessary to consider in more detail the
geoﬁetry of the curved crystal speétrometef. An instrument of this type
was first built by Johann (12). Ditsman (13) discusses in detail the
reflection properties of a bent crystal in the case of a micro-
source. The expressions derived below are in part a restatement
of the results of Ditsman from a sémewhat different viewpoint and an
extension of this work to apply to the case where the sun is the source,

Referring again to Fig. 2, the Johann $pectrometer uses a thin |
section of a crystal, bent so that it becomes part of a cylindrical
surface of radius R. - The entrance aperture, or source, is located
on the focusing circle of radius 1/2 R so that the ray from the
.aperture to point O on the crystai makes an angle‘eO with the tangent
to the érystal surface, The detector is also located on the focusing

circle, opposite the aperture.
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Dumond and Kirkpatrick (14) have shown that if a crystal is bent
s0 that the.atomic planeg lie in concentric circles of radius R and
ithen a surface of radius 1/2 R is formed by grinding the crystal,'
perfect focusiﬁg can be obtained. This is illgstrated in Fig. 18.

X-rays of wavelength A incident along the spectrometer axis A0 make

0
anlangle 90 with(the crystalvsurface.at 0 and are diffraéted along

the path 0I. Consider the ray Ab' which makes an angle 8 with the
spectrometer axis and the ray O'I. To be a perfectly focusing
instrument in th¢ plane of dispersion it is necessary that the angle ©
be eéuél to 6, so that x-rays of the same wavelength XO will be
diffracted from 0. Tt is also necessary that ¢ be equal to 60 S0
that the diffracted ray from o' will converge at I with the diffracted
ray from O, That this.is true can be seen as follows. Angle A is

equal to angle B since both are inscribed angles of a circle subtended

by the same chord AC. Since

B+6=A4+ eo [6]
and A =B,
then 6 =0_.
. . 0

Also, since the chord:CI equals the chord CA, angle B equals angle B’.
Therefore, ¢ = 90.‘

The Johann geometry includes only the crystal bent to radius R
without the subsequent grinding of a surface 1/2 R and is therefore
not a perfectly focusing arrangement. The amount of "defocusing" in
the plane of dispersion can be expressed analytically as d function of

the angle B.
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Referring to Fig. 19, consider x-rays of wavelength Xo incident
through an aperture at A with an angular spread in the plane of
dispersion. The ray A0 is the cehtral axis of the spectrometer and
x-rays following this path are incident on the crystal aﬁ an angle 90,

where A, = 2d sin 8 . The path of the diffracted ray is along OI. In

0 0]
the previous example? x-rays incident along the path AO”, at an angle B
to the central ray, would reach the crystal surface at 0’ and be dif-
fracted along 0'I. For the Johann arrangement these same X-rays
continue along this path until they reach the crystallsurfacé at 0"
and are then diffracted along the path 0“I’. The angle of incidence
for this path is not equal to 90, but is larger by an amount 66,

To a very good approximation

60 = 3 (7]

and S = d cotan 8, (8]

where d = R(1 - cos B). ‘ 9]

Therefore 66(B) = (1 - cos B) cotan 8. {10]
For small angles this reduces to

80(B) ~ 1/2 B° cotan 0. [11]

The x-rays are incident onto the‘crystal surface at an angle
66 + 60(B), and the diffracted ray reaches the focusing circle at a
point I’, slightly displaced from I, Since 86(B) depends on the
square of B it is positive (6 > eb) for B positive or negative.

Figure 20-a illustrates the situation for a beam that has an
angular spread perpendicular to the plane of dispersion. The points

A, 0, and D define the dispersion plane of the instrument and tpe
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- Fig. 18.-The geometry of a perfectly focusing, curved crystal
spectrometer,
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. .Fig.. 19.-The focusing properties of the Johann type curved
‘crystal spectrometer in the plane of dispersion.
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Fig., 20-a.-The effect .of beam divergence in the plane
perpendicular to the plane of divergence.’ o B

Fig. 20-b.-The effect of the ‘angular diameter of the sun.
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chord AO is the central axis as before. The ray AP represents a path

of x-rays that are incident at point P, located a distance!h,‘from

'point 0. The distance h is measured perpendicular to the plané of

dispersion.

The angle OAP is denoted by o, and the angle between AP and the

tangent to

and

then

But

the crystal surface at P is 6. Sinée

' a cos @ : - ‘ :
sin 6 = R sin 0 - : ' (12]
0
2 1/2i )
cos o = (l - 132) s [13]
L . N
| : 2\1/2
sin 6 = —a-—<1-1‘2)‘
R sin © L)
O . : e,
' 2 2 \1/2.
- — (1 - %—ﬂ’-s—eﬁ’-—> . [1s]
, R sin 90 R7sin 60 : - :
heéos2 |
X &g .
e 1. (15] .
R"sin 60

Expanding the expression in parentheses and keeping the first two

terms gives

If-

then

sin e

. / 2oos? \ |
sin 0 ~ sin 6 (1 - 1/2 2522 ) (16]
0 2 2 .
. ' R sin™© : .
R 8in B
6 - 0, = 68(a) , . (17]
= sin(e0 + 89) = sin 60 cos 88 + cos 90 sin 69, (18]
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Using the ‘small angle appfoximgtions
' sin 88 « 66 -
cos 86 ~ 1°
" gives
sin 8 = sin 8 + cos 60(69). ' {i9]
Equating the two expressions for sin 6 gives

80(a) ~ - 3 of tan 9, - A [20)

To first order, the effects of o and B are independent and

60(a, B)

66(B) + 66(a)

1 .2 1 2
=B 6 . = e
5 ! cotan o > a tan

o * [.21]

The Sun as a Source

The magnitﬁde of the‘défocusing effect when the sun is the source
and the spectrometer axis is aligned with the instrument-sun line is
illustrated in Fig. 20-b. For a pinhole aperture (or an elemént of
area'dxdy of a finiﬁe aberture) located on the spectroﬁeter éxis,'an
image of the sun is formed on the surface of the crystai. The angle of
incidence of the incoming x-rays varies over the illuminated‘area
according to relation [21] above. Since the sun has an angular diameter
of about 1/2 deg, the maximum absolute value of ‘@ and B is 1/4 deg.

The maximum value of 68(a,B) is therefore very smaii‘(<'0.1 min of are
for the KAP stations and < O.ijsmin of arc for the stearate stations)
.‘for the divergehce of the sun, and for all the stations of this éxéeri-
ment the déviation'from'the proper Braéé angle caused by the sun's
finite angular extent can be neglected compared to thé width of the

cf&stal rocking cur#es. The effect“of the bent crystél is to
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compensate for the angular divergence of the sun so that x-rays from -

all parts of the solar disk are incident at very nearly the same
angle and are reflected with‘equal efficiency.

For the case where the instrument is not pointed accurately at -
.the center of the sun, or for a small apefture that is displaced from
the instrument axis, the image of the éun is formed away from the |
center of the crystal, Large vélues of 66(a,5) can result in these
instances, but the value of 86 is essentially constant over the entire
image of the sun. The x-rays from all parfs of the solar disk are
still feflected with the same, but a lower, efficiency. The fac£ that
x-rays from all parts of the solar disk are reflected with the same
efficiency is an important consideration since it means that the
measured flux is the integrated flux from the entire solar disk.

The uniform integration over the entire disk is an advantage of
the curved crystal geometry over a flat crystal spectrometer when
it is desired to measure the total flux in a particular wavelénéth
region, A flat crystal scanning spectrometer used without collimatianQ
has a resolution limited by the angular width of the sun. Sharp lines .
‘that are emitted from the entire solar disk are observed as broad
lines, with their widths determined by a combination of the divergence
of the source and the patural width of the crystal. Emission from |
discrete areas on the sun can result in a single emission line producing:
-several distinect lines in the observed spectrum. The observed shape of
~any line fesults from the complicated folding together of the instfu-'
mental angular sensitivity and the spatial distribution of thé source

over the solar disk. The separation of these two effects to deduce the: :
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total flux in a particular iine in general requires precise knowledge
of the crystal rocking curve and a priori information about the source
distribution. This complication is avoided in the curved crystal
instruments at the loss, of cou;se, of continuous scan information,

It sboulq be remempered, also,. that the line ratios measured with the
curved crystai”spééﬁromefers afe ratiés,ofvéverages fakeg ovér tﬁe
entire solar disk.

The Effect of Aperture Width
and Pointing Errors

The variation of the‘angle of incidence with pointing errors and
the effects of a finite entrance aperture must still be considered,
but they can be examined for the case of a perfectly collimated beam
where the x-rays from all parts of the sun are assumed to be incident
"parallel to the ray from the center'of the sgn..ATh; situation for a
wide enfr;nce apérfure is shown in Fig, 21-a for the case of perfect
pointing., A0 is again the instrument axis and the aperture width is
measured from this line, extending to Xy in one direction and X, in
the other., (The slit width is exaggerated for clarity;). The path AO
makes an angle Bo Wwith the crystal surfuce at 0. Because of the
curvature of th¢ crystal the ray BO', pérallel to A0 but displaced from
it a distance x, does .not make an angle 6, with the -crystal surface
ét O'. X-rays that travel along this path have an angle of incidence

. 6, where

S b'd
60(x) =8 - 0 ==X 22
(x) 0 R Rsing,. (22]

This means that only the x-rays entering the aperture at x = O are
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Fig. 21-a.-The effect of aperture width on the focusing
and resolution of Johann curved crystal spectrometers.

| Fig. 21-b.-The defocusing caused by pointing errors.
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diffracted with the maximum efficiency. X-rays entering the aperture at
any point for which x # 0 will be diffracted with less efficiency,
depending on the shape of the crystal rocking curve, The entrance
aperture also has a finite length perpendicular to the plane of
dispersion,‘but the above effect is independent of the position along
the length of the slit.

The crystal rockingtéurVe'is the function thaf gives the
reflection éfficiency of the crystal as a function of the angle of
incidence for a perfectly collimated, monochromatic incident beam.

An excellent approximation to this ideai function can be measured
experimentally using double-crystal spectrometers. The exact shape
of the curve depends on the type of crystal and the wavelength of the
x-rays for whiéh the measurement is made., In general it can be said
that the curve has a pea? at the ang}e g = eo where Go satisfies the
Bragg condition, and is roughly symmetrical about © . When éxpressed

0
as a function of 86 = 6 - 90, it is maximum at 60 = O and is sym-

metrical about this origin. Whatever its exact shépe, the result for
the curved crystal spectrometer is that the feflection efficiency
of the crystal for the incident x-rays is a functioﬁ of the variable x.
This is shown schematically by the déshed curve in the figure.

For tﬁe case of perfect pointing, illustrated in Fig. 21-a, and
a monochromatic beam of wavelength Xo, the expression for the efficiéncj
of the spectrometer:can be derived as follows. Consider a small:element
of area dxdy of the entragce aperture located at x = xO and y = yo.
If F is the incident flux in.photons/cm?-sec, then F dxdy photons/;eé

are incident on the crystal surface through this area. The angle of
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incidence of these x-rays is given by

8 =06 + 80 .
0 (x,)

If I(x) defines the reflection efficiency as a function of x, then
these x-rays are reflected with an efficiency I(xo), and I(xo) F
dxdy photons/sec will reach the Geiger countér. The overall efficiency

of the counter is given by the product T T 'E , where
wuv ge

Tw = transmission of the counter window,
Tuv = transmission of the ultraviolet filter,
and Egé = counting efficiency of the Geiger counter for

photdns that enter the sensitive volume.

The incremental count rate will be

ac=FT T E I(x) dyax
v uv gc
and
C=FT T E j J I(x) dydx . | (23]
w uv ge
¥y X

The above relation applies to the special case of monochromatic

radiation incident parallel to the spectrometer axis. To extend this -
to the more general case where the flux is not parallel to the axis and
has a wayelength d&fferent from XO it 1s useful to ex?ress equation [23]
in a somewhat different form. The integral in [23] is over'the geo-
metrical area of the entrance aperture and I(x) expresses the crystal
reflection efficiency és a function of x. The limits of integration

are the edges of the slit. Using.equation [22] to change the ihtegration

variable from x to 60 glves
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68
2

C=FT T E Rsin® j j 1(68) a(66) ay (2]
w uv ge 0
y 691

where I(66) is the rocking curve of the crystal. The limits on the

integral over 06 are given by ‘

X
68 = ——
1

R sin eo.-

2
2 R sin GO

L

" where x, and x_ define the edges of the slit.

1 2

The situation for an 1ncident‘beam that is not parallel to the
spectrometer axis is shown in Fig. 21—b; Let A0’ be thé path of the
incident photons from the center of the entrance aperture to any
general poinf 0’ on the crystal surface, not necessarily in the plane
of dispersion. The angles o and B define the direction of 20" relative
to thevinstrument axis A0, with B being. the angle (measured in the
plane of dispersion) between A0 and the projection of A0’ into the
dispersion plaﬁe,Aand o the angle (measured perpendicular to the
plane of dispersion) between A0’ and the projection of AO? into the
- plane of dispersion. Referring to equation [21], the angle of .
incidence of A0’ is given by

- _ 1 .2 2
6 =10,* 66(a,B) = % +5 B cotan 8 -

|-

tan 90) ;o (e5]

and the ray from the center of the aperture is not reflected with the
peak efficiency. However, the shape of the efficiency curve across

the entrance aperture is exactly the same as for the previous case
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when o and B were zero. The only difference is that the curve has
been shifted relative to the center of the aperture. The peak

" reflection efficlency still occurs for the ray which has an angle of
inéidence equal to 90. Since the total change in the angle of
incidéncé‘fof a ray'entering the apérfﬁfe at x with a direction defined

by o and B is given by

o tan 0 + —X (26]

2
66(a,B,x) = % B~ cotan 6 _ - N -aerrear
0

0

el |

the ray for which 66 = O enters the aperture at

’

1 2 1 .2 '
= - t 0. - = e . 2
x Rsin 8 (3o tan 6, - 3 B cotan O) [27]

Expression [24] can then be applied directly to this more general case.
The function I(68) is still exactly the same rocking éurve as before so
the only difference is thé limits of integration. For o and 8 not

' zZero, these‘limits are

: pY
1 .2 1 2 1
60 = - - - 5] b o—
155 B~ cotan 60 5 o tan o* Fem 6,
L) =>l 52 cotan 6 _ - 1 a2 tan 6+ ———fg——;
2 2 0o 2 0] R sin 60
and éee(a,ﬁ,xe)
C(e,8) =FT T E Rsin 6 J I I(60) d(66) dy. [28]
. . wouv o ge 0 )

y 6%&’9"){1). :

The integration over y is straightforward, involving only the geometricgl
conditions of the spectrometer. This is illustrated in Figf 22-a

which shows a plan view of a spectrometer. The aperture has a total

length a, exactly equal to the length of the counter window. For
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Fig. 22-a.-A plan view of a curved crystal spectrometer.

Fig. 22-b.—TypicalAresolution curves for a lead stearate
station and a KAP station. ‘
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o = 0 all of the flux entering the aperture and reflected from the
crystal reaches the counter window. The figure shows tﬁe situation
for o # 0. Photons entering the aperture through the region "e¢" do
not enter the countef window and are lost. Only those photons enter-
ing through fhe'region‘"b".cén reach the counter windoﬁ; The integral

over y can be performed immediately as

Jay = | (Day + | (0)ay = v(a) , (29]
a .b ' c ) A ’ !
where
- 4
- 8 _. et _ DS
b(a@) = a -2 R-sin B, tan ., foro <o
. - max
and -
a
Q@ | = mm————
max 2 R sin 60
This gives
| 66
2 ‘
C(a,8) =FT T E R sin 6 _bla) J "1(86) a(se) . [30]
w uv gc 0] .
68
1

The integral over 86 requires in principle an exact knowledge of the
shape of the rocking curve I(§6).v There is a situation, hdwever{ for
which no knowledge of the shape of I(86) is required. If the: entrance
aperture ié wide in the x direction in the sense that it subtends an
angle on the erystal that is large compared to the width of the rocking
curve, ther the value of the function I(GG).at the limits of integration
is effectively zero. 1In this case the limits can be replaced by +~°

and -« and [30] becomes
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¢(e,8) =FT T E_Rsin 6 bla) l 1(66) a(8e) (31]
w uv gc o _

where the integral in [31] is the total area under the rocking curve
and is exactly equal to the quantity called the "coefficient of

 reflection" by Compton and Allison (15). In. this case [31] becomes

C(e,B) =FT T Egc R sin eo b(a) Ry - . [32]
where ‘+m _
R =».L 1(80) a(6e) . | [33]

The ?alge of Ro can be measured in the laboratory without the
complication of a double-crystal spectrometer. It is the‘most direct
and gasily measured parameter of a crystal that relates to its
reflection properties,

For the KAP stations the condition of a "wide" aperfure is
completely satisfied since tbe aperture has an effective angular width
several times as large as tﬁe width of the KAP rocking'curves. For
the stearate stations the effective angular width éf the apertures is
greater than the natural width (full width at half maximum) of the
stearate crystals, but less than twice the natural width. For these

stations it 1s not possible to replace the integral in [31]Aby R

‘ 0
without introducing an error. It is convenient to write [32] as
' = T E R 8 g
Cler, B) - F,Tw v Ege sin 6 b(a) Ro K(d,B,xl,xe)‘ [z4]
where
]
. 1 A . o ‘
K(a,B,x ,x = = I(68) a(se) , : (35]
, 1’2 "R J
0 al _ . .
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with

R
"

691 (a,B,xl)

and

a, = 88, (a,B,xz) .
K is then the ratio of the actual area of the rocking curve subtended
by the aperture to the total area of the rocking curve,

Spectrometer Resolution

One further property of the spectrometers should be discussed., As.
mentioned earlier, the measured fluxes will be the sum of the line
intensity plus the integrated continuum. The contribution of the
continuum depends on its intensity and the resélution of the instrument.
The shape df the resolution curve can be obtained by calculating the
value of K for wavelengths close to but different than Ké. Assuming

a wavelength slightly different than A simply causes an additional

0

slight shift of the crystal rocking curve relative to'the edges of

the aperture, resulting in a change in the limits of the integral in

equation [35]. The limits become functions of A as well as «, B, and x.
To calculate the value of K (for values other than K = 1) it is

necessary to specify the function I(86). Since the exact shape of

" I(86) was not known for the stearate crystals and could not be

measured accurately at these wavelengths, it is important to consider

the sensitivity of the various calculations to the shape of this curve.
As discussed in Part I, pointing errors‘were extremely small

throughout both flights. This simplifies very much the necessary

calculations since o and B can be considered zero. The functioh b(a)
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in equation [34] reduces to a, the length of the aperture, and equation

[35] vecomes

i
, .
K(x5%,,}) =;—o i, 1(80) a(s8) [36]
1

where for this case

Ll ,691(x1’k)

and
&2 = 692(}(2,)\) .
Consider first the calculation of K for A = KO’ the wavelength for
which the spectrometer is focused. For the KAP stations K(xi,xz,Xo) =1

with essentially no error. For the stearate stations the limits on the
integral are symmetrical about 60 = O and are larger than the full
width at half maximum of I(68). Although the exact details of the
rocking curve could not be measured for the stearates, the general
shape could. Because the natural widths.of the soap film crystals

are quite large, a good approximation of the rocklng curve can be obtained
by simply making a Bragg scan of a well filtered emission line col-
limated so that the instrumental width is small compared to tﬁe natural
width of the crystal. Such a measurement was made for eachAstearaté
crystal that was .flown. There were differences in natural widths
between the crystals but the shape of the curves were all the same and
had the general appearance of a géussian. Since the integral in [36]
includes all of I(66) except the wings of the curve, the assumption
that I(66) was a gaussiaﬁ with the measured half-widtﬁ was considered

to be a good one. The error in this assumption amounts to the difference
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in area under the wings of a gaussian and the area under the wings of
the true rocking curve.

The calculation of the resolution curve for the speétrometers
requires the evaluation of [36] as a function of A for values of A

near A The qualitative way in which K(Xl,xz,K) varies with A can

0
be visualized by referring'to Fig. 21l-a. When A = KO the rocking
curve is centered with respect tb the limits set by the edges of the
aperture. For a slightly different value of A, the rockiﬁg curve is
shifted to one.side. As N differs more and more from KO, the rocking
curve moves fapther from the center of the aperture until, for suf-
ficiently large values of A, the rocking curve is entirely outside the
limits of the aperturg. ?he relative efficiency for any A is just the
ratio of the area of the rocking curve subtended by the slit to the
area subtended at A = ko. If the rocking curve were a delta function,
thep the resolution curve would clearly be rgctangglar with the limits
.determined by the width of the aperture. This is very nearly thg

case for the KAP stationsf As the width of the rocking curve increases
the resplution curve becomes rounded at the edges. As long as the._
rocking curve is narrow compared to the aperture angular width, then
the wavelength for which the relative efficiency is equal to l/2vthe
value at XO is always the same. It is clear that if the natgral width
of the rdcking curve is known, then the shape of thg resolutién curve
is not\very sgnsitive to small departgres of the rocking curve from .

a gaussian shape. The resolution'of each éf the spectrometersAwas

calculated and Fig. 22-b shows the resulting curve for a KAP station
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" and a stearate station. The equivaient width of the stearate stations
is gbout 14 compared to about 0.1 R for the KAP stations. This
means'that the KAP crystals have ten times better.line;to-continuum
discrimination than the stearates. | . |

It should be emphasized that the detailé of the calculations of
K(xl,xz,l) described above, both to determine théisfectrometer sensi-
tivities for A = XO and to determine.the shape of the resolutiOn'
curve, cannot affect the finally determined éenSitivities in any
important way. For all the KAP stationms, K(xl,xe,Xo) is equael to
unity. For the stearate stations the apertures were designed to sub-
tend at least one full crystgl width of thg rockiné curve, The ﬁalue
of K()'cl,xz,)\o') is therefore greater than 0.76 and less than unity if

the rocking curve is a gaussian. Even if K(xl, XO) is set equal

. "2
to one for all the stations, the worst error that can be introduced is
less than 25%. The evaluation of K(xl,ke,ko) is a first order
correction, and the uncertainties caused by assuming a gaussian for
I(86) are errors in the correction term. Similarly for the calculation
- of the resolution curve the actual contribution of the continuum to

the measured flux is determined by an integral over the resolution
curve and, for a continuum that is uniform over this interVal, depends
only on the area under the curve, A simple calculatioﬁ shows tﬁét

4]
curve is almost independent of the shape of I(86).

if R, and the width of I(89) are known, the area under the resolution

X-Ray Calibration

Rewriting equation [34] for o and B = O gives
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C()‘o)= F(Tw T Egc RO) a R sin 6 K(?\O) . (37)

In addition to the crystal half-widths measured fof use in the
calculation of K(ho), the four quantities grouped in parenthesés had
to be determined by x-ray calibration. The measurement of RO, the
coefficient of reflection, is in principle straightforward and is -
described By Compton and Allison (15). The crystal was mounted-in a
single crystal Bragg spectrometer with a proportional counter detector.
With the érystal moved éside, the intensiﬁy of the incident beam of
wavelength Xo was determined. The crystal was then4put 1nt6 the beam
and, starting at an angle 6f incidehce sufficientl& far removed from
éo, was scanned at a constant anguiarlvelocity through an angle large
enough to encompass fhe total~diffractéd beam. The integrated intensity

of the diffracted beam was measured by counting contlnuously during

the scan., The coefficient of reflection was then determined from

R, = = - [38]
U ,
where
E = integrated intensity of diffracted beam
w = angular velocity of the scan
PO = intensity of incident beam.

That expression [38] is in fact equivalent to the previous definition
of RO given in equation [33] can be seen as follows. The intensity of
the diffracted beam when the crystal is at an'angle 8 is given by

POI(69), where 66 = 8 - GO. In a time dt, a number of counts given by

dE = POI(Aée)dt



will be observed in the diffracted beam., But

a(6e)

dat = =

and

POI(5_9) a(6e)

dE = ® ’

E Therefore:

p | |
0

£ 2 L I(60) a(se) , (39]

where the limits of +® and -« assume that the scan is over a large
enough angle to include the wings of I(68). The integral in (39] is
exactly the previous definition of RO. The measured value of Rovis
independent of the angular divergence of the beam as long as the beam
divergence is, large compared to the crystal natural width and small
compared to the totasl angle covered by the scan. A nonmonochromatic
béam can produce large errors in R0 since all wavelengths are included
in the measurement of the incident beam, but wavelengths very different
from KO are absent in the diffracted beam. To reducg ﬁhis effect as
much as possible the incident beam was obtained by 1lluminating a
fluorescent target with x-rays from & low voltage x-ray tube and using
the fluorescent x-rays for the calibration. Characteristic lines
~produced in fluorescence are quite monochromatic and pulse height
discrimination of the pulses from the proportional counter reduced the
effect of scattered primﬁry x-rays. The major difficulty in this
calibration was the'lack'of intensify in thg-primarylbeam.

A general curve of R_ vs A for lead stearate crystals~has been

0
obtained by Henke (8) from measurements made on a number of crystals
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at several different wavelengths. The relative shape of this curve
was found to be the same for all lead stearate crystals, andhmeasuréd
values of RO at two particular wavelengths for each of the flight
crystals were used to normalize this general curve. The appropriate
valué of RO at the wavelength-fér which the crystal was used was then
taken from this normalized‘curye. Measurements of Ro were reproducible
to better than 10%, but the accufacy of the absolute values of Ro
are believed to be no better than 20%. | ~

The Geiger counter absorption efficilency is showﬂ in Fig. 23.

This curve was calculated from the known dimensions of the counter and
the appropriate absorption coefficients for‘the gas mixture of 1.4%
butane, 4.8% argon, and 95.8% helium. 4Since the absorption was nearly
total for all stations, errors in this calculation are negligible.
Considerablé care was taken to insure that double. pulsing.did not .
occur in the counters and it was assumed that one count was recorded

. for each photon absorbed,

The first step in the'calibration‘of the Geiger counter pressure
windows was to determine. the transmission of the nickel mesh used to
support the Formvar films. In the wavelength region from 19-34 A the
wires of the_mesh are opaQﬁe to x-rays,.so the transmission just depends
on the amount of open area of #he mesh, This was measufed optically
for each of the ﬁindows before the Formvar film waé applied. .To
confirﬁ that the optically measured transmissions were the same as
the x-ray transmission, several of the windows were also calibrated with
x-rays and the resulté compared with those obtained optically. In all

cases the agreement was within a few percent., The average transmission
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of the mesh was about 65%.

It was necessary next to determine tﬁe transmission of the
aluminized Formvar films used as ﬁressure windows and ultraviolet
filters. Since the transmission of the films depends strongly on the
x-ray wavelength, the transmission of each film had to be determined
for the wavelength appropriate to the'spectrometer on which it was
used, Measurements could not be made at the exact wavelengths for
which the spectrometers were focused, so it was necessary to make
transmission measurements as close as possible to desired wavelengths
apd to extrapo}ate'from tpese measurements., The complete procedure
was as follows, | |

Using characteristic fluorescence lines obtained by illuminating
targets of the appropriate elements with the primary beam from a high
intensity, low voltage x-ray tube, the.transmiésion of each of the
films was measured at three x-ray wavelengths: A = 18.3 i (FK),

1
A =23.64 (OK)’ and h} = 4.6 A (CK). Before being used to calibrate

2

the films the fluorescence emission from each of the targets was
scanned with a Bragg spectrometer to insure that it was essentially
monochromatic, As a further precaution a proportional counter was
used to measure the beam intensity and‘a narrow pulse height window
vas set to accept only those pulses corresponding to the proper
X-ray energy.

The transmission of a two-element film such as. these.at a

wavelength Alcan be expressed as
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Fig. 23 .-Absorption efficiency of the flight Geiger counters;

. 96



25
WAVELENGTH (A)

| |

90—
80—

100
- T0—

o O
g 8 3

NOILJYOS8Y %

30—
20—

35 40

30

20

15

97



(T)y = ('Il) = exp [-p‘a)\ta exPp ["“fxtf]
o/\
where
uah = mass absorption coefficient of aluminum at A
“fk = mass aﬁsdrption coefficient of Formvar at A
ta = thicknesé of aluminum
tf = thickness of Formvar.

If the absolute values of the absorption coefficients are known

the measurement of the transmission at two wavelengths is sufficient
to determine the thicknesses of aluminum and Formvar. However, if the
transmission is measured at two wavelengths, Xl and hz, then the

transmission at any other wavelength, , can be calculated by knowing

AB
only the relative values of the absorption coefficients at the three
wavelengths. The absolute absorption coefficients in this energy
region are somewhat uncertain, but the relativé absorption coefficients
at different wavelengths depend only on the shape of the absorption
curve. On the small wavelength interval involved in these calculatioﬁs
the shape of this curve can be predicted with very little uncertainty.
The measured values of the transmission at the three wavelengths
described above were firsf checked for internal consistency. The
transmissions at hl and h2 were used to calculate the expected
transmission at k5, and the calculétion was compared with the measured
transmission at this wavelength. If the measured and calculated -
values agreed, the data were assumed to be reliable. The transmission

at the appropriate wavelength for each pressure window and ultraviolet

filter was then calculated, using the measured transmissions at hl
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and XQ. Table 5 glves the transmission of the windows and ultraviolet
filters used on the flight spectrometers.
TABLE 5

PRESSURE WINDOW AND ULTRAVIOLET FILTER TRANSMISSIONS

Station ‘ - August 8 August 11
'Tw Tuv . TW TU.V\
100 © 0,17 0.12 . 0.17 0.21-

1200 0.27 0.k1 0.26 0.31
300 - 0.35 0.45 . 0.26  0.36
400 0.40 0.38 0.33 047

500 0.33 0.40 0.31 0.38

600 0.k2 0.47 0.36 B 0.54

700 0.34 0.34 . 0.32 0.28

-~
s —

———————
-

" The precision of the meas;rements of the transmiséion of thé'
pressure windows and ultraviolet filters was very good. The x-ray beams .
used for calibration were sufficieﬁtly intense to make the statistical
uncértainties in the measurements negligible. The measured transmissions
weré reproducible to an accuracy of a few percent. Any serious errors
in the'transmission measurements were eliminated by the 1ntérna;
consistency check described above. However, it is very difficult to
. determine confidence limits on the absolute accuracy of the transmissions
given in Table 5. For each of the stations in Table 5 the transmissién
was calculatgd for the appropriate wavelength (e.g., 33.7k B for station
100) using the measured ialues of the transmission at two other wave-

lengths, M end A,. The transmission at 33,74 A is a complicated
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function of the measﬁred transmissions at kl and Xe and the ratios of
the absorption coefficients of aluminum and Formvar at the wavelengths
kl, Xz, and 33.7T4 A. While the uncertainties in the measured traps-

missions at hl and X2 can be estimated and are no more than * 5%,

only a qualitétive estimate of the uncertainties in the various ratios
of the‘absorption coefficiénts can be made., However, sincé the ratios
depend only on the shape of the ébsorption coefficieﬂt curve and not
on the absolute values of the coefficienté, the uncertainties are

not large. An absolute accuracy of * 15% for the values given in

Table 5‘is believed to be conservative.

Flight Spectrometer Efficiencies

Using the appropriate values of crystal half-widths, crystal
efficiencies, pressure window and ultraviolet filter transmissions,
and Geiger counter absorption efficiencies, the quantity

= (T
l/Et ( v Tnv

Egc RO) a R sin 6, K (uo0]
was calculated for each station for both tlights. 'Ine results are
given in Table 6,

The experimental accuracy of the spectrometer sensitivities can
be estimated by considering the possible errors in each of the terms
of the product in equation [40]. The érrors in the ge§metrical
quantities a, R, and sin,eo are so small that they can be neglected. -
The quantity K is equal to one for fhe KAP stations and has a value
between 0.76 and 1‘for the stearate stations, with an uncertainty of

about 5%. The Geiger counter efficiency, Egc’ is greater than 0.86

for all stations and cannot be in error by more than a few percent,
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TABLE 6

FLIGHT SPECTROMETER EFFICIENCIES

Station . 1/Et

August 8 August 11
100 o 1.5 x 107 0.9 x 107"
200 . 3.6 x 10~ 2.9 x 107
300 28.0 x 107 5.6 x 107"
400 8.3 x 1077 8.3 x 107
500 7.1 x 107 6.2 x 107
600 11.0 x 102 '10.0 x 107
700 14.0 x 107 12,0 x 1077

¥ , o : -
The apertures of stations 100 and 300 were masked to 1/3 their
original size to reduce the count rates.

As stated above, the uncertainty in the window and ultraviolet filter
transmissions is no more than * 15% and the measured value of RO is
believed to be accurate to % 20%, Using these estimatés'the overall

accuracy of the quantity Et would be expected to be about * 35%.
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III.  DATA ANALYSIS

Solar Activity

It ié known that the x-ray emiésioﬁ from the sun is quite
variable, Although there was no particularly strong solar
activity on either August 8 or 11 it was certainly possible'that
the x-ray emission was different on the two days. As an inde-
pendent check'og the level of solar acfivity, the x-rayvdata
obtained from detectors on two Véla satellites (16) were examined
for the tiﬁes of interest. These x-ray detectorS'afé bfoadband
instruments that integrate over two spectral Bands, one from
0.5-5.R and the othér from 0.5-15 K. "No spectral data are obtained.
from these instruments, but they provide an excellent measure of
the geﬁeral level of solar activity over long periods of time.
These data showed that the x-ray emission from the sun was almost
a factor of two more intense on Augﬁst 8 than on August 11 in
the wavelength regions covered by these detectors. It is impossible
to deduce in any quantitative way the effect of this difference on
the flux values measured by any of the particular spectrometers,
but it might be expected that the August 8 vaiues would be somewhat

higher than those measured 6n August 11,
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Uncorrected Flux Values

The count rates for all stations are shown in Figs. 14-17, as
a function of time duriné the flights. During the portion of thé
flights above the atmosphere the count rates were very nearly
constant for all stations. Using the average count rates for each
A.station over the fife-minute period above the atmosphere (Table L)
and the spectrometer sensitivities (Table 6), the average values

of the incident fluxes were calculated, The results are shown in

Table 7.
TABLE 7
UNCORRECTED FLUX VALUES
Station Wave- Emission  Crystal ~ Uncorrected Flux
Length . Line (Photons/crP-sec)
August 8, 1966 August 11, 1966
100 33,7k | [ Lyman-o Pb-S 8 x 106 58  x 1o6
200 28.47 ¢ VI{Lyman-B Pb-S 70 X 100 23 X 10°
300 26.99 Lyman-y Pb-S 45 X 166 56 X 1o6 .
700 26.00 | Continuum Pb-S 26 X 10'6 15 x 106
Loo 24,78 Lyman-a KAP 2.8 x 106 -—-
500. 20.91 N VII{Lyman-8 KAP 1.1 x 100 -
600  19.83 Lyman-y  KAP 0.5 x 10° 1.5 x 10°

e — et ——————— —— s
————— === e ——— —— ——

 Without going into the details of the expected line intensity .
ratios or line-continuum ratios, which are discussed in Part IV,
' some general observations can be made about the flux values given in

Table 7. Looking first at the nitrogen stations, the August 8
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measurements show at least qualitatively the necessary decrease in
intensity for the successively higher lines §f khe Lyman series.l
Howeﬁer, qomparison of the results for station 600 frbm'the two
flights shows a difference that is far oufside thé expected
accuracy of'the measﬁrements.' Since the sun was more;active on
August 8, tﬁe higher valué measured on Auéhsf il is almost ceftainly
not due to a différenée.in the incident flux levels. |

The results‘for the lead stearate étations éresent a puzzling
situation. TheAflui ievels fof stations 100, 300, and 700.on-the‘
two flights agree within the expected accuracy, but there is a laége
difference between the two flights for étation 200. Even allowing
for the more active sun on August 8, the difference is still larger
than can be reasonably explained by experimental uncertainties.
Also, the intensities of the various lineé do not correspond in
any apparent way to the exﬁected pattern for lines in the same
Lyman series, The vqlues for station 700 are surprisingly high
for the flux due to the continuum in this ﬁavelength region. Even
though this station integrates the higher lines of the carbon Lyman
series, the measured levels would still have to be largely due to
continuum, . _ |

Although the results from the number 800 stations show tﬁé
spectrometers to be very insensitive to ultraviolet photons;'the data
from the stearate stations are very suggestive of a strong contam-
ination by scattered ultraviolet light. The apparently high flux
values, the inconsistencies between the same statién for the two

flights, and the apparent lack of any line structure would all be
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expected if the observed count rates were due primarily to long
wavelength ultraviolet photons that were scattered into the
detectors. The question of whether or not the fluxes measured by
the stearate stations were completely dbminated by scattered
ultraviolet light 1is of course a crucial one. The relative values
for the measured flukes given in Table 7 for the carbon lines are
completely different from what would be expected for lineé in a
Lyman series. If the stations were sensitive to ultraviolet, the
explanation is simply that the data are meaningless.. If, on the
other hand, it can be shown that the measured fluxes represeﬁt'”
x-rays, it would be a satisfying confirmation of the experimental
method, but the unexpected flux levels would be unexplained.

The continuous monitoring of the count rate in each station
as the payloads reentered the'atmoéphére provided an excellent
measurement of the atmospheric absorption as a function of altitude
for most of the stations. In the following three sections these
absorption data are analyzed in.detail to determine, as definitely
as possibie,4if the fluxes were contaminated by scatfgred ultra-
violet light: '

Athospheric Absorption Data

To arrive at the curvesvof‘the observed transmission as a
" function of altitude, the count rate data shown in Figs. 16 and 17
were first normalized to give the ratio of I/Ib as a function of
time, Using the trajectory obtained from the radar tracking, a

curve of transmission vé altitude for each of the stearate stations
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ﬁas plotted. These curves are shown in Figs. 24 and 25. The same
curves for the KAP stations on the August 8 flight are shown in
‘Fig. 26.. The.curves’fof the KAP stations were included to il-
lustrate the general, qualitative agreement between these stations
and the stearate stations in spite of thé scatter in the points
introduced by the much lower count rates in the KAP stations. Shown
in Fig. 27 is the absorption cfoss section of air for the wavelength
. region .10-100 A. This curve was calculated for a standard dry
atmosphere of nitrogen, oxygen, and argon as defined in reference
(17) ﬁsing the recently measured mass gbsorption coefficienté of
Henke (8). The wavelengths of the different spectrometers of this
experiment are shown by éfrows.' .

The first question was whethér or not the measured  fluxes were
completely dominated . by scattered ultraviolet. This question can
be answered by simply comparing the transmission curves with the
absorption coefficient data shown in Fig. 27.

- -Since the absorption coefficients for stations 200, 300, and
700 are not very.different, their transmiésion curves shouid be
similar, The curves for these three stations on both flights are
very nearly the same. Referring again to Fig. 27, there is & very
large drop in the absorption coefficient of air at 31 i because of .
the K edge of nitrogen. Station 100 lies above the edge, and sfation
200 lies below the edge. If the fluxes measured by these two stations
were in fact x-rays of the two expected waveléngths, there should

be a considerable difference in the altitude at which they were
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sbsorbed. If, on the other hand, these stations were measuring
mostly scattered ultraviolet photons this difference in absorption
coefficients would be completely masked. The data in Figs. 24 and 25
show that for both flights the flux measured by station 100 penetrated
to lower altitudes than that of station 200. On both flights the
 altitude of unit optical depth (I == 0.37 I,) is 20 kilameters lower
for station 100 than for station 200.

The absorption coefficients for the wavelengfhs corresponding to
stations 400, 500, and 600 are intermediate bétween those for
stations 100 and 200. The absorption curves for these stations are
shown in Fig. 26, and even though the_stat;stical uncertainties are
large for these stations the data are good enough to show that these
curves lie between the curves for station 100 and those for
station 200.

Thus the absorption data show the general features that would be~
predicted from the shape of the absorption coefficient curve. If
ﬂhe X-ray flﬁx in the different stations had been complétely masked
by scattered ultraviolet photons even these general features of the
absorption data would have been obscured. It 1s clear that x-rays of
the proper wavelength comprised at least a sizable fraction of‘the

measured fluxes.

Comparison with a Standard Atmosphere

In an attempt to provide a quantitative check of the data, the

measured transmission curves were campared with transmission curves
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Fig. 24 .-Observed atmospheric attenuation of the x-ray
fluxes measured by the stearate stations, August 8, 1966.
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‘Fig. 25.-Observed atmospheric attenuation of the x-ray
fluxes measured by the stearate stations,- August 11, 1966.
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Fig. 26,-Observed atmospheric attenuation of the x-ray
fluxes measured by the KAP stations, August 11, 1966.

A2



€1t

% TRANSMISSION

FLIGHT NUMBER ! AUGUST 8, 1966

100

90

a0

30

501

1 | ]

STATION 400 ,~

o
2478 A.

1

| T °

)

¥

7

l -

] |

STATION 500

2091 A

| /o

|

l N

]

Ml

|

l i I |

STATION 600
19.83 A

80

L
120

|
160

80

~ALTITUDE (km)

120

160

80




: Fig. 27 -Calculated mass absorption coefficient of air
for the wavelength region 10 to 100 A.
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calculated for a "standard” atmosphere, assuming that the absorption
coefficients given in Fig, 27.were correct. The transmission at

any altitude h is given by

T(h,\) = expl-w(}) m(n)] , (4]
where p(A) = mass absorption coefficient of air at a
- wavelength A,
[« =]
and : o :
m(h) = j p(h')ah' = integrated density (gm/cm”) above

h an altitude h along the line of sight.

Since ﬁo measurement of atmospheric density was made in this ekpefi-
ment, it was necessary to assume a model atmosphere (p vs h) to
calculate the transmission curves. Unfortunately the atmosphefic
density in the altitude region from 90 to 150 kilometers is quite
variable. It depends on the latitude, the time of year, the time
of day, and'ﬁhe genéral level of solar activity. Even after »
considerable effort to establish the best model atmosphere for the
days. of theée“measufements it was clear that the uncertainties in
assumed densities were so large that no very precise conclusions.‘
about the experimental data could be drawn. The comparisohs were
not sufficiently accurate to exclude the possibility that for any

" one of the stations some fraction of the flux, perhaps as much as
one fourth, was ﬁltraviolet photons. The effects of a contamination
of this'ampunt could not be separated from possible variations in
atmospheric depsities. "An approximafe absorption coefficignt was .

determined for each station, but the accuracy was no better than a
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factor of two. It was also clear that there was a large difference
in the aBsorption coefficients of stations 100 and 200, but
whethef thé difference was a factor of 10 as shown in Fig. 27 or
only a factor of 3 or I could not be determined. |
‘ However,‘the‘édmpariéon of the experimental.absofption curves

with the calculated results aid provide additional assurance that
‘the spectrometers were measuring x-rays with approximately Ehe:
correct absorption coefficiénts. The calculated curves showed

the same very strong absorption over a narrow altitude region as
the experimental curves, and the altitudes at which maximum
absorption occurred for the different stations agreed reasonably
well with what would be expected, with one exception: it was

clear that the flux measured in station,600 on the second flight
was absorbed at much too high an altitude. Even with the poor
statistics for this station there was no dpubt that a large
‘fractiqn of the counts was due to photons having an absorption;
coefficient considerably highér'than that for 19.8% K_x-rays. The
data from all the other stations seemed to be qualitatively consist-
ent and the observed absorption curves corresponded to an actual
atmosphere that was not unreasonable ﬁhen compared to a "standard"
atmoéphere'and its expected variatiqns.

Test of the Data for
Internal Consistency

Since it is clear that the data were not strongly influenced

by scattéred ultfaviolet light, the above conclusions are encouraging,
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but not‘completely satisfactory. It was not possible to,obtaip any
better data oh the actual density of the atmosphere on the days of
the shot, but it was possible to make a much more sensitive test

of the internal consistency of the absorption data. If the x-rays
.in each staﬁion were of~the appropriate wévelength, and the absorp-
tion coefficients of Fig..27.are correct, then the apparent atmosphere
defined‘by the absorption curveé for each station should be exgctly

the same. Equation [41] can be rewritten as

1 1 T
m(h) = oy in [m] .

Using thé’experimental transmission curves and assuming that the
absbrption coefficients of Fig. 27 #ere correct, the'fuﬁct10n m(h)
was calculated for each individual station. At any altitude h, the
quanfity m(h) is the mass/unit area of air that would produce the
observed value of T(h;k) for x-rays having an absorption coefficient
w(A). The function ﬁ(h) calculated for a particular station cor-
responds to the apparent atmsophere as seen by that station., ' Using
the data for each of the four stearate stations for both flights,

a total of eight curves of m(h) were célculated. A compafison of
these different cﬁrves provides a very éccﬁrate indication of the
internal consistency of the data. If the fluxes in each station
were entirely x-fays of the. appropriate wavelength and the aésumed
absorption coefficients are correct,then all the curves of m(h) vs h
would be exactly the same. If any station wgé contaﬁinated with

ultraviolet photons having an absorption coefficient significantly
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different from the assumed value, the shape of the curve for that
station would be altered by an amount depending on the degree of
céntamination and the wavelength of the contaminant. The
calculated curves are shown in Figs.}28 and 29.

Two things are immediately obvious from these'figures.‘ First,
the curves for stations 200, 300, and 700 for both flights are in
excellent agreement. The curves for station 700 on the August 8
flight and station 300 for the August 11 flight lie slightly above
the others but the difference is small. [Similar curves for the
KAf stations (40O, 500, and 600) were calculated for the August 8
flight. .Thg statistics are poorer for these KAP stations, but tﬁe.
results are in qualitative ééreement with’stations 200, 300, and
700.] The second very obvious feature of the cﬁrves is that on
..both flights the curves for station 100 are different from those
for the other stations, and the amount of difference is almost
exactly the same for both flights. This difference is clearly shown
by this type of comparison although it was not readily apparent
when the absorption curves were compared to curves calculated for a
standard atmosphere,

Consider first the data for stafions 200, 300, and 700.' It
mighf be argued that these stations could still have been contaminated
with ultraviolet 1ight and that the agreement between the curves
was the result of each station having the same fraction of contam- |
inant with the same average absorption‘coefficient} It is extremely

unlikely that this was true, The count rates in these six stations
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Fig. 28.-The apparent integrated atmospheric density as -
‘determined from the atmospheric absorption data of August 8, 1966.°
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Fig. 29.-The apparent integrated atmospheric density

'as determined from the atmospheric absorption data of

‘August 11, 1966.
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ranged from a low of 530 counts/sec to a high of over

12,000 counts/sec. The relative sensitivity of the various stations
to scattered light ﬁould'almost certainly be different, aﬁd the
chances would be very small of every oné of the six stations having
the same fréction‘of its total count rate caused by scattered
ultravio;et light,

It is ﬁseful for the moméht to assume that the data from
stations 200, 300, and 70O are correct. ‘It is then possible to
compare the shapes of these curves with the curve for stafion 100,
The vélues m(h) calculated-fbr station 100 depend on only two
quanﬁities: the measured values of the transmission at a particular
altitude gnd the assumed value of the absorption coefficient of
air., Experimental uncertaintiés in the measured transmission can-
not possibiy agcount for the large difference. The inconsistency
mist in some way be associated with the assumed absorption coefficient.
The data for station'loo correspond to ah apparent atmbsphere tﬁat
is more dense than was indicated by the other three stations; If
the other stations are correct, then the true absorption coefficient
for the flux measured by station 100 is significantly highér than
the value given in Fig. 27 for 33,74 A X-rays.

Two possible explanations for the higher absorption were
considered., First it was assumed that incident flux as measured by
station 100 consisted of a mixture of 33.74 A x-rays and some
fraction of’ultraviolef photons having a much'higher absorption

coefficient. In the second case it was aséumed that the measured
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, flux was entirely 33 7h y x=-rays and the discrepancy was caused
‘by an error in the cross-section data given in Fig. 27. Since

the transmission through an absorbing medium is distinctly
 different for a monochromatic flux and for a flux nade up of a
mixture of components with widely varying absorption coefficients,
the shape of the m(h) curve for station 100 depends upon which of
the above explanations is correct.

If the station 100 flux was a mixture of x-rays of about.33 A
wavelength and some unknown amount of photons having a considerably
higher sbsorption coefficient, then the net absorption coefficient
would be the weighted average taken over the actual spectral distri-
bution of the composite beam, This average absorption coefficient
would be higher than the coefficient for 33 i X-rays alone, and |
would lead to an gpparently denser atmosphere. However, as such a
flux traverses an absorbing medium the spectral distribution changes,
since the softer components are absorbed out faster than the more
penetrating components. When passing through the atmosphere the
average absonntion coefficient of the flux reaching a particular
altitude is continnouely decreasing Vith'altitude,A The'simple example
of a two-component beam illnstrates ciearly this effect.:

Suppose that the incident flux of intensity I0 consisted of
a fraction Kl of 33 7k i x-rays with an absorption coefficient in
alr of u_, and a fraction K_ of photons having an absorption

1 2

coefficient ué, where ué is much larger than ul. Let M(h) be the

true integrated atmospheric density and ml(h) be the apparent
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atmospheric density as first calculated for station'loo éhd'shown

"in Figs. 28 and 29.° Then' at any altitude the‘inténsity is given by

CI=KT, exp[-u-f&(hi]f KéIo eXia[-LaM(h)] _. (u2]

As M(h) gets larger (at lower altitudes) the first term becomes
large. compared to the second. -In the limit of very large M(h) -

the second term can be neglected and the transmission. is

T(h) = K_ expl- M(h)] . ‘ (43]
=% 1
- . L Kl
Therefore = M(h) = :E ‘n TRy
N , .
since | ml(h) ™ OV
: Thérefore |
o m (n) - M(n) = %_ tn 2 = constant. | S
| 1 K o o

As the'depth of penetration into the atmosphere increases, the

numerical difference between the apparent integrated atmospheric

~ density and the true integrated density approaches a éonstahﬁ.
Consider now the second possibility: that the measured flux

‘was esseﬁtiélly monochromatic but the value chosen for the absorp-

‘tion coefficient was in error;' If ut is the correct ébsdrpfion

coefficient

n

then‘ ) M(h):-.--gl;ni.-(Fy S '[1;5]
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o ' _ 1 1
ml(h) by
.Therefore | (BT = T"I = constant. » | [u7]

In thig case‘the ratio éf the apparent density to the true density
is a constant,

Given in Tablés 8 and 9 are the quantities [ml(h) - M(h)] and
Lml(h)/M(h)] for various altitudes for the two flights. In each case
the true integrated density M(h).is taken as the best fit to the
data for stations 200, 300, and 70O,

- 'TABLE 8

COMPARISON OF ATMOSPHERIC DENSITIES FOR AUGUST 8 FLIGHT

Altituge (kn) m () - (e m, (n) (1) b (n) = M(R)
(g/cm ) (g/cm”)
150 5.8 x 107 6.0 1.1 £0.1 x 107
140 7.0x100 5.5 1.1+ 0.2 x 107
130 | 9.6 x 1070 3 0.9¢ 0.3 x 107
120 1 x 107 3.3 0.9 % 0.5 x 107
110 20 x 107 3.0 0.0%1,0x 107
100 b3 x 107 3.0 0.3 * 2.0 x 107

The results in Table 8 indicate that for the first flight
. both of the possible explanations are partly true. .. At lower
altitudes it is clearly the ratio that approaches a constant value,

not the numerical difference between the curves. At higher altitudes
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TABLE 9

COMPARISON OF ATMOSPHERIC DENSITIES FOR AUGUST 11 FLIGHT

Altitude (km (h) - M(h) (h) M(n) sm. (h) - M(h)
) ml(g/cm?) E o , —m%g/cm?)
140 bk x 107 3.4 0.3 + 0.2 x 10
30  6.2x1w0° . 3.2 0.2 + 0.3 x 107
120 9.0 x 107 3.0 - 0.0 + 0.4 x 107
110 1 x 107 3.1 0.2 t 0.7 x 107
100 32 x 107 5.1 0.7+ 1.5 x 107

this ratio is larger, indicating that there was certainly a small
part of the flux that had been absorbed very high in the atmosphere.
Below 110 kilometers.the remaining flux was essentially monochro-
matic but with an absorption coefficient that was a factor of three
larger than that given for station 100 in Fig. 27. For the -second
flight the flux wae almost completely monochromatic and again had
an gbsorption coefficient three times larger than was expected.
Assuming an absorption coefficient three times as lerge as
was initially used lowers the curve of ml(h) by a constant factor
of three. The last columh in the above tables gives the difference
bm (n) - M(h). For the lower altitudes this is a small difference
between large numbers and is therefore unreliasble. For the higher
altitudes on the fifst flight this is a fairly accurate number and
5

appears to be a constant equal to.about 1 X 10°°. Referring to

equation [44] this gives -
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%5 g =1x10".
11
For ' ul =3 ¥ 105
K, = exp(-0.03] = 0.96.

Since Klzis the fraction of the flux that was ﬁ-rays, even for this
flight the contamination was a very small effect.

Based on the above analysis (that assumes a monochrématic flux
for stations 200, 300, and 700) the flux measured by station 100 on
both flights was essentlally monochromatic. The diségreement between
the data for station 100 and stations 200, 300, and 700 is apparently
due to an error in the assumed absorption coefficients. Although
in the above discussion it was assumed that the absorptioh coefficients
used for stations 200, 300, and 700 were éorrect, and any érror was
in the coefficient assumed for station 100, the analysis actuélly
indicates only that the difference in ébsorpfion‘coefficients betwegA’
100 and the other stations was considerably less than is shown in
Fig. 27. By itself,'the comparison between the data for the different
. stations gives no information about the absolute accuracy of.any of
the absorption coefficients. It merely indicates that the relative
values of the assumed coefficients are not consistent Qith the data.

It is useful at this time to summarize~briefly the main points
of the above discussion of the atmospheric absorption daté. The
data from the KAP stations on thé first flight appear to be reliable
- and to show a reasonable pattern of flux levels. The data from the

stearate stations are very difficult to 1hterpret in terms of line
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intensities. The possibility that these data were unreliable
because of strong contamination by scattered ultraviolet light héd
to be considered. An examination of the depfh of penetration into
the atmosphere of the flux for each station showed clearly the
qualitative pattern thatlvould be expectéd from the shape of the
absorption coefficient curve of air. This alone was a strong
indication that contamination of the measured flux by scattered
ultraviolet light was not an overriding effect. Comparison of

. the transmission curves with curves calculated for a "standard"
atmosfhere supported this general conclusion. With the excepfion
of station 600 on the second flight, all of the stations showed
maximum absorption at approximately the correct altitude. However,
bthe uncertainties in the assumed atmospheric densities were too
great to give any precise answer to tﬁe question of exactly what
wavelength x-rays were being measured.

To make a more sensitive check on the Internal consistency
of the data, the transmission curves were used to calculate, for each
of the eight stearate sta@ions and the three KAP stations of the
first flight, the apparent atmospheric density as a function of
altitude. The agreement between stations 200, 300, and 700 and,
within the accuracy of the data, stations 400, 500, and 600 were
excellent, ,The-fesults'suggested that there might have been a
small ultraviolet contamination of station 300 on one fligﬁt and
station 700 gn_yhe other. The data for station 100 were clearly

inconsistent with the other stearate stations, and the nature and

amount of the disagreement was almost exactly the same for both
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flights, Assuming that the data for the other stearate stations
were correct, the cause of this disagreement was shown to cor-
respond most closely to an error in the assumed absorption

coefficient of air for the x-rays measured by station 100.

- Final Flux Values
A In the opinion of the author these results from the atmos-
pheric absorption are sufficiently conclusive to eliminate the
.possibility that scattered ultraviolet photons contributed more
" than a few percent error té the measured flux values,fér any station
except number 600 on the second flight.

As was mentioned earlier, the elimination of scattered ultra-
violet light as the explanation for the apparently anomalous results
from the stearate stations leaves open the question of what signif-
icance the measured flux values have, And added to this question
is now the discrepancy in absorption coefficients between station 100
and the other stations. This discrepancy was present‘énd essentially
identical in the data from both flights. In the next section the -
results of this experiment are compared with earlier measurements,
and other effects that could explain the observed results are discussed.

As a conclusion to this section; the following table‘giyes
the final flux values after the small corrections indicated by the
absorption data were made for stations 100 and 700 on the first
flight and station 300 on the second flight. Stations 200 and 300
are still designated in the table as the Lyman-B and -y lines
of C VI, since it was for these wavelengths that the spectrometers

were focused, The flux values given in the table for these two
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TABLE 10

CORRECTED FLUX VALUES

Station ' Emission Incident Flux Above the Earth's

Atmosphere (photons/cm?-sec)
August 8, 1966 August 11, 1966

100 | Lyman-o 80 «x 106 58 x 106
200 ¢ VI |Iyman-8 70 x 10° . 23 x 100
300 Lyman-y ¥ x 10° 50 x 10°
700 Continuum 25 x 100 | 15 x 10°
400 Lyman-o - 2.8 x 106 —_——
500 N VII {Lyman-B8 - 1.1 X 102 .
600 | Lyman-y 0.5 x 10° R

e s
—

stations afe not believed to correspond to the actual intensities
. of the two lines. The data for station 600 on the second flight are
omitted because they were shown to be contaminated by -scattered

.ultraviolet light.
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IV. CONCLUSIONS

The Results from the KAP Stations

The flux values given in Table 10 for stations 400, 500, and
- 600, which‘used'KAP crystals, are believed to be reliable measure-
ments of the intensity of the solar x-ray emission at the wave-'
lengths for which spectrometers were focused. As was discussed
in the introduction, the intensity of the Lyman-y line (station 600)
was expected to be very low. - The observed intensity for ﬁhis
- station was only a factor of two smaller than the intensity measured
for the Lyman-B line. This suggests very strongly that most of
the flux measured by this station was in fact due to continuum
radiation. - Assuming this to be true gives a value for the
contimmm intensity at 19.85 & of 5 x 107 erg/cmgsseCai."The
effective width of the spectrometer window was taken és‘O.l-K.
When this value of the continuum is subtracted from the intensities
of stétions 500 and 600, the resulting numbers are 22 xAlO5 aﬁd
6 x 1054photons/cm?-sec;for the N VII Lyman-o and -B lines
respectively.}

In the KAP scan of the solar spectrum by Blake, et al. (9),

the N VII Lyman-o line was seen clearly and the intensity was given

155



>

as 5 x 10 photons/cm?-sec. Since the measurement of reference (9)
was made in 1963 at a time of extremely low solar activity, the
factor of‘four difference between it and the present measurement is
certainly consistent with pbssible variations in solar activity.
Unfortunateiy, there was a fairly high background counting rate
present in the data of reference (9). At 24.78 R the background
was approximétely one third as 1arge as the signal from the N VII
Lyman-o line. A Lyman-B line with the séme relative intensity

as was measured in tbe present‘experiment would.have had a signal-
.to-ndisé ratio of less than one, In fact, the data of (9)
indicated the possible presence of a weak line at the Lyman-f
wavelength, 'Thus the results of the present experiment seem to be
in relatively good agreement with the results of (9). It is

also interésting that the results of the present experiment suggest
that approximately one half of the background present in the data
of (9) was probably x-ray continuum,

To deduce information about the solar corona from the
measured ratio of the N VII Lyman-¢ and -B lines 1t is necessary to
assume ﬁ model to describe the corona. The subject of coronal
models has been considered for many years. Interest in the emission
spectra frémvhigh temperature plasmas has been further stimulated
in recent years by the greatly expanded research effort directed
" toward producing and maintaining such plasmas in the laboratory..
The literature in this fiéld is extensive and it is impossible to

discuss heré, in any but the most cursory manner, the details .of
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this very complex problem.

It is sufficient for the present purpose to describe very
briefly some of the general features that are included in calecula-
tions of coronal models. The temperature of the corona is of the
order of oné million degrees (3). At this temperature the coronal.
gas is a highly ionized plasma, and the heavy ions present in the
corona interact with a high témperaturé distributioﬁ of free
electrons. Calculations of the emission spectrum must include free;
free and free-bound electron transitions as well as .the transitions
between béund statgs that produce line emissioh. The relative

intensities of emission lines from a particular ionic species

- depend upon the popdlétion densities of the excited states of the

ion, 'Under conditions of true thermodynamic equilibrium the

‘relative population densities can be calculated using the Saha-

Boltzman equation (18).
‘However, the conditions for thermodynamic equilibrium are not

satisfied for the temperatures and densities of the corona (19).

. To arrive at the relative population densities, it is necessary to

consider all the physical processes that can fill or empty a
pafticular excited level and to solve the resulting set of coupled
rate equationms, one for each excited level, The problem cannot
be treated in complete generality since the set of equations to be
solved is infinite when all excited le;els are considered. It is

usually sufficient to assume that above some particular excited

level the population densities agree with the Saha-Boltzman values (20).
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Only those excited states with energies less than this "cut-off"
energy must be considered individually. The additional assumption
is usually made that the distribution of ions among the different
states of ionization and excited levels is constant in time. The
problem then is to calculate the steady Qtate distribution. The
free elect;ons are always poﬁsidered to be in equilibrium among
themselves and to have a Boltzman velocity distribution charac-
terized by a specific temperature.

Even with these assumptions, the problem is tremendously
difficult. Depending on the density and temperature, gertain‘other
simplifying assumptions are justified (21). If the plasma is
transparent, the électrons and ions can be treated as independent
of the radiation field. 1In this case all excitations of ions are
caused by inelastic collisions, almost entirely with electrons. 1In
the temperature and density regime where)collisionmtimes are long
compared to radiative transition times, collisional de~excitation
can be ignored (19). The equilibrium conditions are determined by
the balancing of collisiqnal excitations by radiative de-excitations.
In the limit ofi;ery low densities, when time between collisions
is very long, all ionic species can be considered to be in their
ground state (22). A collisional excitation is followed immediately
by a radiative return to the ground state. The last condition
is frequently assumed for the corona.

The population densities of the first and second excited.

states of N VII are related to the measured intensities of the

b
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Lyman-o and -B lines by

n(2) ~ Ia/(hvaAa)
and
-n(3) = IB/(hvﬁ%) P)

where Ap is the appropriate transition probability of hydrbgen

scaled up by zb'. The ratio of the population densities is then

n(2) _ chhvBAS_
n(3) IBhv A
. a2

= R(2,3) ..

Taking ia/IB = 4 gives R(2,3) = 0.43 for this experiment. There are
no other measurments of this particular ratio for the solar spectrum
with which to compare the above result. The cérrésponding'ratio
for-0 VIII was calculated from the measurements of Blake, etlal..(9),
and was found to be 0.75. The results from measurements of the
intenSity of the O VIII Lyman-o and -B emission from é laboratory
plasma (23) gave a value of R(2,3) = 0.38, ' |
When'fhese numbers are coﬁpafed to theoretical éalculations,
théy indicate a large underpopulation of the firstpexcited state
of the hydrogen-like atoms. McWhirter and Hearn (20) have made
exﬁengivevcalculations of the equilibrium population densiﬁies for
hydrogenic atoms in high témperéture piasmas. These calculations
assume a Saha distribution for all excited states.ébove the QOﬁh
level, a Boltzman'electron distribution, and a transparent plésmé.
According to this model, the value of R(2,3) for N VII should be

6oK

1.6 at a temperature of 1.6 x 10 . The result of the present
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experiment is much too small to agree with this model. The value
of 0.38 determined from the O VIII Lyman-¢ and -PB emission from
a laboratory plasma (23) was interpreted as evidence of a departure
from an equilibrium condition. |

. In a recent paper Elwert (24) included the effects of
dielectronic recombination (25).and new estimates of elemental
abundances in a calculatibn_of the line intensities in the solar
spectrum, The intensity of the N VII Lyman-o line was computed to

3 3

be 4 x 10 erg/cm?-sec, compared to 1.8 x 10~ erg/cn?-sec .

measured in this experiment. This difference again corresponds to
a smaller population density of the first excited state than

calculations predict.

The Results from the Stearate Stations

_ Unliké the nitrogen data, the results obtained with the
stegrate stations do not give reasonaple line intensities of the
Lyman series from C VI, However, when these results are compared
to other measurements made in the same wavelength region a very
éuriousApattefn becomes clear.

Earlier reference has been made to the two rocket flights
made in 1963 that carried scanning crystél spectrometers (9). On
each of the two.flights there was one spectrometer that scanned
the wavelénéth region froh about 2§ i toward ‘longer wavelengths.
In one case an OHS crystalAwas used and in the other instrument a
séap £ilm crystq; was used.. On the first flight the counting rate

was high enough in the long wavelength spectrometer to saturate
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the counting circuits., Scattered ultraviolet light was blamed for

the high counting rate. On the second flight the. counting rate for

the long wavelength spectroﬁeter was below the saturation level

but still quite high, and no spparent line structure could be
distinguished. Again it was assumed that scattered ﬁltraviolet
light wés responsible fér the high count rates and lack of liﬁe
structure. In May, 1966, a scanning séectrometer uéing an OHM
crystal was flown aboard an Aercbee rocket from white Sands, New
Mexico, by Dr. Werner Neupert of Goddard Space Flight Cenfer. The
complete results of this expefiment have not been published, but
Dr., Neupert has kindly allowed the author to examine the preliminary
results and refer to them in this paper. These results are also
quite puzzling. In the wavelength region from 25-43 i the spectrum

appears almost completely flat, with a single small "bump" near

.28 k. Above 43.6 A (the carbon absorption edge) numerous lines

were distinguishable and several Qf these lines have been iden-
tified b& Dr. Neupert. In November, 1966, the Naval Research
Laboratory flew a rocket package containing three scanning spec-
trometers, one of which scanned'the wavelength region above‘25 )y
ﬁith‘a lead stearate soap film crystal. The resuits'of this
experiment are also unpublished, but the general nature of the
results_wefe described to the author by A. E. Unzicker, J. Meekins,
and G. Fritz of the Naval Reseéréh Laboratory. It is with their
generous peﬁmission that the very preliminary results of this

experiment are described. The most significant result was the
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absence of any clear indication of line structure in fhe wavelength
region covered by this cfystal scan. The count rate was appreciable
at about 25 A and increased as the crystal was scanned toward .
longer wavelengths. |

The four experiménts described above are the -only attempts,
known to the author, to measﬁre'the solar spectrum at wavelengths
longer than 25 R with scanning crystal spectrometers. In each
case the results failed to show any clear evidence of line structure
ﬁetwgén 25 and 43 A, and in three of the four cases the count;rates
were significantly higher than expected,

The results of the present experiment agree qualitatively
with this pattern: no evidence of line structure, flux levels
that were generally higher than expected, and an increase in the
flux level from 26 & to 33 i, Although these results were quite
unexpected when the experiment was performgd, it now seems clear that
they are at least qualitatively consistent with the results from
every attempt to measure the solar spectrum between 26 and 34 i
with scanning spectrometers,

" The failure to give clear evidence of any line structure in the
solar spectrum and the generally high flux values are apparently
common to the results from both scanning énd fixed station spectrom-

“eters designed by different experimental groups. Probably the
most significant resuit from the stearate stations of this experi-
ment is that these data are the first crystal spectrometer

measurements in this wavelength region for which it can be definitely
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shown, from the experimental data, that scattered, long wavelength
ulfraviolet light did not contribute to the observed‘fluxes. If
this consistent failure to observe the expected line structure in
the solar spectrum is due té some fault of the experimental
technique, then the difficulty is more subtle than the problem of
scattered ultraviolet light.

It is also interesting to compare the results of the number
100 stations of the present experiment to other measu;ements of
the intensity of the C VI Lyman-o line made with curved crystal
spectrometers, The rocket packages flown in 1964 by Argo, Bergey,'
Henke, and Montgomery (10) were referred to briefly in the intro-
duction. Three packages were flown, and each package contained
eight nonscanning, curved crystal spectrometers. One of the
stearate spectrometeré in each package was focused for the C VI
. Lyman-o line at 33.74 A. The intensities measured on'the three
flights for this line were 46, 58, and 65 x lO6 photons/gm?-gec.
These are iﬁ excellent agreemenﬁ ﬁith the values of 80 and
58 x 106 photoné/cm?-sec measured in_thé present experiment.
Also, in November, 1966, three rockets carrying packages identical
to'thqse flown in 1964 were launched from southern Brazil on the
day of the total eclipse (26). One launch was mede before the
eclipse began and the measured intensity of the C VI Lyman-o line
was 43 x 106 photons/cm?-sec. Thus the measurements of the
intensity of the C VI Lyman-o line made with six different curved

stearate crystal spectrémeters over a time interval of two years
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all agree within an accuracy better than the éxpected experi-
mental uncertainty.

The one other result that has an important bearing §n the
following discussion is the disérepancy between the calcuiated |
' mass absorpfion coefficient of air and the atmospheric absorption
curves for the different étearate stations., This discrepancy was
present in the data from both fiights of this experiment and was
also present in the data obtained from the Brazil experiments (26).
This result could be explained in principle by an error in the
calculated absorption coefficient of air, shown in Fig. 27. As
was discussgd earlier, this curve was calculated for a "standard"
atmospheric composition (17) using the mass absorption coefficients
of nitrogen, oxygen, and argon recently measured by Henke (8).

It is also important to emphasize one aspect of the discussion
of Part III. It was concluded in that section that long wavelength-
ultraviolet photons did not cause any significant error in the
observed fluxes. However, it was also stafed that the exact x-ray
ﬁavelength beiﬁg measured by any of the sfations could not be |
determined from ‘the absorption data. The possibility that all of
the stearate stations were measuring x-rays of a wavelength well
- outside the calculated resolution of the spectrometers cannot be
excluded by the‘absorption data. In particular, it should be noted
that the absorption coefficient curve shown in Fig. 27 is double-~
valued, X-rays in the wavelength region.lO-Bl X nave the same

absorption coefficient as X-rays in the region 31-100 A. The
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possibilify must be~§onsidered that the spectral window of the
steérate stations was considerably broader than 1 A.

It is clear that the data from the stearate stations are
subject to a vafiety of intefpretations; depending on which set of
assumptions 6n¢ chooses to make, However, if the assumption is
" made that Fig. 27 gives'accurate values for the absorption of air,
only one conclusion can be drawn from fhe data,

It was shown in Part III that if the fluxlmeasured by any one
df statiéns 200, 300, or 700 was monochromatiec, then the flux
measured by ﬁll the steérate stations, including station 100, was
monochromatic., But if the calculated absorptioﬁ coefficient of
air is correét, then all of the statiéns could not have been
measuring monochromatic fluxes of the expected wavelength. The
‘only remaining possibility is that noné of the stations was measur-
ing monochromatic fiuxes. (The possibility that station 100 was
measﬁring a monochromatic flux but of a wave;ength different frém
33,74 A is.ﬁonsidered completely ﬁegligible.) Sincé this is the
only interpretation that 1s consistent with all of the data, an
effort was made to obtain additional laboratory informationlrelating
toAthis poééibility. Two possible sources of trouble were'con-
sidéred, and are described below.

If the natﬁral widths of the crystals were-copsiderably
bfoadef than was indicatéd by thé measurements made;with the single
Bragg sﬁectrometer, then the results might be explained. The

resolution of the flight spectrometers would have been broader than
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i A and the measured fluxes would represent an integral over a
wide spectral region. For a sufficiently broad resolution; each of
the stations 200, 300, ahd T00 Wbuld have beeh sénsitive to wave-
lengths above the nitrogen.ﬁbsorption edge. Also, the flux measured
by statibﬁ 100 coula have contained a component in the.wavelength
region shdrter than the ﬁitrogep edge. Sucﬂ a situationiwould.
certainly confuse the absorption data., There was no evidence frbm
the large amount of laboratory work done with the crystals to
indicate that the crystal half-widths were any different than had
bgen assumed in the calculations of spectrometer resolution. ’It
was considered essential, however, to confirm the earlier results
by measuring the crystal rocking curves with a double crystal
spectrometer, |

The other possibility considered was that speéuiar reflection
of longer wavelength x-rays might have resulted in a broad speculér
response. Total specular reflection is a well-known éffectlthat
occurs at small glancing angles because the indei of refraction
of x-rays is smaller in a material medium than in air, For x-ray
wavelenéths.shorter thénba few'angétroms the critical angle forl
total reflection is very small (fractions of a degree). The critical
angle increasés with wavelength and is foughly proportional to A,
If absorption in the reflecting medium is‘negligiﬁle, the critical
angle is sharply'defined: for angles le;s than ec total reflection
occurs and for angles greater than Gc reflection is negligible.

When absorption is an important effect, the situation is considerably
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' different. The step-fﬁnction curve that describes the situation

for zero absorption becomes a smoothly varying function of angle

and has an appreciable tail that extends well beyond the‘critical

angle (15). Whether or not specular reflection was a problem for

the present experiment depended on the exact shape of this extended
tail of the curve. .No precise data were available on the specular
reflection of long wavelength x-rays from lead stearate. As with
the crystal rocking curves, precise data reqﬁiré the use of a double
crystal spectrometer.

These two problems were discussed with Dr. Robert Liefeld of
New Mexico State University. He very kindly offered his assistance
and the use of his double érystal vacuum spectrometer to make the neces-

sary measurements. A lead stearate crystai that had been made at the

same time as the flight crystals was picked for examination. Rocking

curves in the (1,-1) position were measured at wavelengths of uk,7h A (CK)

and 67.8 & (BK)‘ The results were in excellent agreement with the earli-

er measurements of the crystal widths. This almost certainly eiiminated'
tﬁe possibility of unexpectedly poor crystal resolution.

The next step was,to measure thg efficiency for specular
reflection. A lead stearate crystal was used in the first position

as a monochromater, The stearate crystal in the second position was

“rotated step~wise from a glancing angle of 5 deg to a glancing angle

equal to the Bragg angle, and meésurements were made at each angle
of the reflected intensity. The results were then normalized to a

direct beam intensity of unity. The measurements were made for
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cérbon-K and boron-K radiation,

Thé carbon results are shown in Fig. 30. The diffraction
peak'is shown at 26.5 deg. The boron measurements were considerably
more difficult. A boron anode was prepared by rubbing boron nitride
powder onto the surface of the cérbon aﬁoae. To avoid any question
of confhsion_by carbon or nitrogen radiation, the x-ray tube was
operated.at 280 V, below the minimum voltage nécessary to excite
carbon-K radiation. An exéitation curve of boron was meaéured to
insure that the observed radiation was in fact the boron-K line.

The very low excitation voltage and the double crystalvgeometfy
gave a low counting rate in the detector. The results that were
obtained are shown in Fig. 31. For angles between 15 deg and the
Bragg angle at 42,6 deg the counting rates were too low to be

‘ reliable., The strong similarity between the carbon and boron curves
made it possible to extrapolate the boron results to somewhat larger
angles with fair confidence.

The data of Figs, 30 and 31 were then used to calculate a
spectral response curve for two of the flight spectrometers:
station 100 and 700. The Bragg angles for these stations were
about 20 deg and 15 deg respectively. These stations were chosen
to represent theA"besth and "worst" cases. Station 100 had the
largest Bragg angle of the stearate stations and was focused on a
strong line., Both facts tend to minimize the problem of specular
reflection. Station 700 was.measuring continuum and had the smallest

Bragg angle of the four stearate étations.
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In Fig. 32 the specular reflection data are plotted as a
function of wavelength for the two glancing angles, 15 and 20 deg.
The experimental data give only the two points at hﬁ.7 and 67.8 &,
Advantage was taken of the strong similarity of the relative shapes of
the boron and carbon curves and‘the expected variation of specular
reflection with wavelength to estimate the points at 100 A. This
estimate shopld.not be wrong by more than a factor of two.

In Fig. 35 the relative transmission of the counter.windows
is plotted against wavelength for stations 100 and T0O. 'Counter
windows and ultraviolet filters having a total of 80 ug/cm? of
aluminum and 90 ug/cm? of Formvar were éssumgd; The shape of these
curves at 1ong\wave1eﬁgths is quite sensitive to the thickness of
aluminum,

From the data in Figs. 32 and 33, the spectral response of
stations 100 and 700 were calculated for the waveleﬂgth region out
to 120 k. Thé results are shown in Fig. 34, This curve is belieQed
to be quité accurate for wavelengths up to 80 A, and within a factor"
of two beyond 100 k.

To determine the relative contribution from the entire
spécﬁral region, it was necessary to integrate the curve of Fig. 3k
against an assumed solar spectrum. If f(\) is taken as the dif-
ferential flux at A, then the count rate produced by the flux in

the interval from A to A + d\ is

ac = £(A) g(A) T(A) ax,
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Fig. 30.-Specular reflection of 4k, 7k A x-rays from lead
stearate soap film analyzers.
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Fig. 51;-Specular reflection of 67.8 A x-rays from lead '
stearate soap film analyzers.
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Fig. 32.-Specular reflection efficiency from a lead .
stearate soap film analyzer as a function of x-ray wavelength. . -
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Fig. 33.-Relative counter window transmission of stations
100 and 700 as a function of x-ray wavelength,
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Fig. 34.,-Spectral x"espons'e of stations 100 and 700.
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where E(\) reflection (or diffraction) efficiency of the crystal

and T(A)

]

window and ultraviolet filter transmission.

The calculation was done numerically by replacing the dif-

ferentials by finite differences. Then

-

BN, =
flgi?iAi Fﬁg T

i i'i

£, AN

where _ Fi i g

The total count rate is .
n

C=;Fi§iTi. B  [u8)

If we express the count rate resulting from the flux in the 1 i region.

for which the spectrometer was focused as
c =F § T (9]

then'the fatio between the total count rate C and the count rate Ck

can be written as

n . n
F.§.T '
1°1 i .
=1+ =1+ A (50
DI LI &
i=1 o i=1
ifk ifk
. F.ET,
where Ai FigiTi
k k k

The average values of the ratio giTi/ngk were taken directly from
'Fig. 3k, The solar spéctrum used iﬁ the calculation was the
continuum spectrum of Elwert (27) for a temperature of 1.5 million

degrees. This spectrum gives the smallest contribution from specular
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reflection of several assumed spectra considered. Using this
spectrum and assuming a 1 i effective width for the spectrometer,

the values of A1

were calculated for stations 100 and 700. The
results are shown in Tablé 11. .

TABLE 11

RELATIVE CONTRIBUTIONS OF SPECULAR REFLECTION TO THE
OBSERVED COUNT RATE OF STATION 100 AND 700 IN
TEN ANGSTROM INTERVALS FRQM THE SPECT
REGION 30-100 A -

1
Axi(f\) Station 700 Station 100
+30-40 , 0,06 -
40-50 . 0.15 ' 0.1k
50-60 ' 0.20 ' 0.20
60-70 0.09 ' 0.10
- 70-80 0.06 0.05
80-90 0.04 o.oe'
90-100 0.03 ‘ 10.01
100-110 . 0.08 0.01
.. 110-120 ~ 0.16 ' 0.03
120-130 0.10 0.03
' Total : 0.97 0.59

The results of Table 1] are considered minimum values since

the contribution of the lines to the solar spéctrum was not included.

 If the very rough estimate is made that the lines in.each of the
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&avelength intervals contain as much flux as the continuum, then the
values of Ai in Tablell should be multiplied by twor '

The-contribution of the prbperly aiffracted continuum radiation'
at the Bragg angle is not included in the table., Its contribution
is unity as definea in equation (50]. Fér statioﬁ 100 the values
of Ai give the contribution of ﬁhe specularly reflected.radiation
relative to the contribution of the true continuum. The effect of-
the sprong Lyman-o line is not included. The totél intensity

measured by station 100 is then

=TI + 1 (1+ XA A :
I, =1, +1( 3 (511
where It = total measured intensity
Ia = intensity of the Lyman-a line
Ic = contribution of the true continuum,

The product IPZAi is the contribution of the specularly reflected

radiation. . Station 700 is not focused on a line and for this station

I =I(L+Z4). ‘ [5é]
t c i

The above calculation is admittedly only approximate, but it
seems almost'certain that the long wavglength X-rays were responsible
for a significant fraction of the observed count rates in stations E
200, 300, and 700. The effect for station 100 was less important;
but still large enough to influence the absorption data,

Of the different possible intérpreﬁations §f the stearateA

results, this explanation seems by far the most likely. If the
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numbers given in the above table are assumed to be approximately
correct, then theAresults of several experiments, including the
present measurements, can be explained. The generally observed

lack of line structure could easily be caused by the fact that

'specular reflection produces an apparent continuum that is

comparable in- intensity to all but the'stfongest lines. The -

observed spectrum is "filled in" in regions where no lines exist.

"A-thinner sluminum filter than wads assumed in;the‘calculation

would result in a stronger contribution from the region-90-150‘A.
For any scanning instrument using a filter that contqins carbén,

the relative contribution to the apparent continuum from the spectral
region 40-80 A increases éontinually as the scan moves from 25 R
toward the carbon absorption edge at 43.6 KA. The relative ‘trans-
ﬁissionlof the filter gets more unfavorsble as the. absorption edge
is approached. This could account for the observed”incréase in the
flux levels from 25 i toward longer- wavelengths./ Forxscahs above
43,6 A, the relative contribution from the spectral region 40-80 Iy

is very greatly reduced. This could certainly'account for the -

. sudden appearance of lines in Dr. Neupert's data for wavélengths

above 43,6 A,
- If the A, .values in Tablell are mltiplied by two to account

for lines, then the resulting sum of the Ai's for station 700 is

. equal to about two., This means that two thirds of the observed-

count rate was due to x-rays outside the resolution "window." If

the remaining one third 1s interpreted as the true continuum at 26 K:,
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-
2 erg/em -sec-4,

the resulting intensity for August 8 is 6 x 10~
This is in remarkably good agreement: with the value of
5 X lO"3 erg/cm?asec-ﬁ obtained from station 600 at 19.83 A.

3

, - 2 _ o
If the value of 6 X 10 erg/cm‘-sec-l is taken for the continuum

intensity at. 26 A,.then for the same assumed spectrum the continuum

at 33.74 A 1is 8.4 x .'1,0"3 erg/cm?-sec-ﬁ. The apparent continuum for

3

| station 100 is Ic(l + ZAi); agd.is equal to 18 x 10° erg/cm?-sec-i.
If this is subtracted from the total measured intensity of station 100
on August 8, (see equation [51]) the resulting intensity for the
Lyman-o 1line is 2.9 x lo-e'erg/cm?-sec. The corresponding number
for August 11 is 2.2 X 107 erg/cm?-sec. ‘This compares with a value
of 3.3 )(»10"2 caiculated by Elwert (24), If a beam with the spectral
distribution determined from the data in Table 11 is assuﬁed for
stations 100 and 700 then the average absorption coefficient for
these stations would have been about 5 X lO3 and 22 X 103,cm?/gm
respectively. The ratio of the station 100 to the station 700
coefficient is 4.4 compared to the value of 3.3 determined from the.
étmospheric absorption data; (The atmospheric absorption data
indicated an error of a factor of 3 in an expected ratio of 10.)

The fact thét the relative shapes of the absorption curves for
stations 100 and 700 were very similar is not surprising since the
contribution to sta#ion 700 from the region around 100 A had
approximately the same absorption coefficiént as the 26 & radiation,

"and the other component in each station was from the same region

between 40 -and 70 &, -
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'Considefiﬂg the-éssumptiOns that were made in calculating
the numbers in T&bleiJ, the excellent agreements discussed in the
abovébpafagraph‘m@st be considered as at least partly accidental.
There can be little doubt, however, that the effects of specular
reflection in the very soft:&qay'region had been seriously under-
estimated by‘thé énthor and“probabl& by other experimenters.
Summn _ . ‘ _

The stated purpose of this experimént'was fo'measure the
intensities of the first three lines of the Lyman series of C VI
and N VII., This purpose was oniy partlj satisfied. The intensities .
of the N VII Lyman-a and -B 1inesvwere_megsured,.ahdlthe Lyman-y
line was shown to be low compared.to the measured continuum at
19.83 K. TFor the carﬁon series, only the intensity of the Lyman-o
line could be determined. However, the.absorption data‘obtained
during the reentry portiop of the flights led to a very important
explanation of why the attempted measurementé of the Lyman-B“and
-7'linés ﬁere unsuccessful. The possible explanation of scattered,
‘long wavelength ultraviolet light was eliminated. The relative
shapes of atmospheric absorption curves indicated that if aﬁy of
the stations measured a monochromatic flux, then all of,thé stations
measured a monoéhromatic flux. ‘But this was ciearly incéhsistent
.with the calculated absdrption coefficient of gir. This reaséning
led to a considerétion of the préblem of specular réflecfion.

To evaluate the importance of this efféct it was necesséry to make

laboratory measurements of the specular reflection of x-rays from
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lead stearate crystals. The laboratory data indiéated that this
was certainly the most likely explanation for the carbon results
of this experiment and possibly for the uneXplained results of
several other experiments.
Shown in Table 12 are the x-ray flux values from this experi-

-ment that are considered reliab;e. In the third column are
calculated intensities. The fourth and fifth columns contain.
results from earlier measurements of the solar spectrum.

TABLE 12
SUMMARY OF EXPERIMENTAL RESULTS

Present Experiment Elwert Blake, et al. Widing
August 8  August 11 (2k4) . (9) (11)
C VI Lyman-o 2.9 x 1072 2.2 x 102 3.5 x 1072 6 x 107
(erg/cm™-sec)
-3 -3 -4
N VII Lyman-o 1.8 x 10 L x 1077 4.5 x 10
2 .
(erg/cm jsec)
: -l -h
N VII Lyman-B 5 x 10 <lL.5 x 10

(erg/cm?-seg)

Continuum at 6 x lO-3 hoox lO-'7>
26 A

2 ©oe
(erg/cm -sec-A)

Continuum at 5 X 1072
19.83 A

2 °
(erg/cm -sec-A)

A summary of the conclusions from this experiment are listed

below:
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There is a significant x-ray continuum from the sun at
19.8% A and 26 R. The intensity is about

5 * 10"3 erg/cm?-sec-ﬁ.

The nitrogen VII Lyman-y line 1s too weak to measure above
this continuum yith'an instrument having 0.l A resolution.
The N VII.Lyman-¢ to -B ratio is smaller than is predieted
by theory. This result has been observed in earlier
measurement of the solar spectrum and in measurements of
the spectrum from a laboratory plasma, A

The intensity of the N VII Lyman-o line is iess than

.predicted by theory.

The intensity of the C VI Lyman-a line agrees very well
with the theoretical prediction for T = 1.6 X 106 °K.
The most probable reason for the anomalous results obtained

from the stearate stations was the specular reflection of

‘x-rays from the 30-120 A regioh into the detector.

In any future experiments where crystals are used to make

measurements of the solar spectrum for wavelengths‘above 25 A, the
effects of specular reflection must be considered. The improve-
ments that can be obﬁained by different choices of filter materials
‘ere limited. The uee of crystals having 2d spacings more nearly
4equal(to the wavelengthe being measured would almost certainly give

a decided improvement,
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