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ABSTRACT

In February 1979 three Nike Tomahawk rockets were launched in Red Lake,
Ontario, one previous to, and two during, the total eclipse of the sun, for
the purpose of studying the atmosphere and it's interaction with solar
radiation. On board werc experiments from both the University of Illinois
and the University of Bern, Switzerland. This paper describes the method and
preliminary results of three of thes cxperiments that were used to measure
solar radiation in the X-ray, Lyman-a, and visible parts of the spectrum.
The instrumentation designed for this investigation is described in detail,
along with post-flight data processing techniques. The retrieved data have
been processed to some extent to verify that a valid representation of the
solar radiation has been obtained.

The Lyman-o experiment yiclded very good results, and preliminary data
have been included in this report. The visiblc radiation experiment served
as support for the other experiments and also functioned well. Due to a
high level of energetic partictes during the eclipse, the X-ray data were
contaminated and are not presented. However, satellite observations
indicate no appreciable level of X-rays from the sun during the time of

the eclipse.
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1, INTRODUCTION

This report describes experiments prepared for rockets launched ir
Canada, near Red Lake, during, and before, the total solar eclip.e of
26 February 1979, Of major interest is solar radiation in the UV and X-ray
parts of the spectrum, both as they relate to the source (the sun) and to
their interaction with the atmosphere.

These experiments were part of an integrated payload also containing
experiments for ion composition, electron density and energetic particles,
with the broad cobjective of studying the chemical modelling of the lower
ionosphere (which, here, because of the pre-determined rocket apogee, is
defined to extend up to 135 km altitude). Thus the solar radiation
experiments serve to give, to the modelling, the necessary input rates due
to Lyman-a (121.6 nm) and hard X-rays fas rcpresented by the wavelength
range of 0.2 to 0.8 nm).

The importance of solar ecliipses in the study of the ionosphere is
further discussed in Chapter 2.

The experiment to measure solar X-rays in the wavelength range 0.2 to
0.8 nm is described in Chanter 2. Though this experimont performed well in
the rocket flights, an unexpectedly high flux of energetic particles
contaminated the data. Fortunately, other (satel.ite) data show that the sun
itself was not active and therefore that hard X-rays could not have been a
significant ionization source.

The Lyman-a experiment, described in Chapter 4, did perform well, and
valuable data were obtained. In addition to the measurement of (energy)
flux at this wavelength, used for calculation of ionization rates, these
data are used in studving scattered Lyman-a, in observing the brightness of
the solar chromosphere (as a function of radial distance), and in determining
rocket aspect (when used in conjunction with the spin magnetometer).

A sensor for visible radiation was also included in the payload,
primarily as a check of the trajectory data and of the calculations of
eclipse circumstances. This experiment, described in Chapter 5, also
performed well.

The integration of these experiments into the payloads for Nike Tomahawk

rockets is described in Chapter 6.
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The algorithms and progri. .5 for computer-processing the data from the

Lyman-a experiments are givern in Chapter 7.

The eclipse circumstances of the rockets, calculated from the trajectory
data, are presented in Chapter 8, together with a preliminary evaluation of
the performance of the experiments.

Chapter 9 contains a summary of this report and some suggestions for

additional data processing and analy:is,



2. SOIAR ECLIPSES AND THE IONOSPHERE

A solar eclipse provides an opportunity to study the interaction of

solar radiation with the ionosphere as well as the sun as a source of ionizing
radiation. Since an eclipse provides a predictable obscuration of the solar
disk, changas in the electrical composition of the ionosphere during an
eclipse can be related to the ionizing radiation coming from the sun,

Rocket investigations are suitable for this type of study because the solar
radiation can be measured simultaneously with the el.ctrical properties of
interest at various levels of the atmosphere. This chapter will discuss

work that has already been done in this area and results of previous rocket
experiments,

2.1 Electron Density

During an eclipse, electron density measurements are made principally
in the 7., £, and F regions of the ionosphere. In the F region (above about
250 km) the eclipse effect is difficult to identify because of the generally
less regular behavior and longer time constants associated with this region.

The most regular of the ionospheric iayers, the EZ-layer (at about
110 km), exhibits a clearly defined eclipse effect. The electron density
is found to decrease ygradually as the visible disk of the sun is obscured,
but even in total eclipses of the maximum possible duration (approximately
7 minutes) the electron density never decreases to less than one third of
its normal value [Smith et al., 1965].

Originally it was thought that ionizing radiation from the sun is
entirely absent during totality and that the time constants of the processes
by which the electrons are removed are such that the electron dencity does
not fully decay to zero. .. has since been realized that the solar corona,
which due to its size is not fully obscurred during a total eclipse, is a
significant source of radiation so that even during totality therec is a L
certain amount of ionizing radiation reaching the atmosphere causing
reduced (but still present) electron concentrations.

This theory has been supported by previous cclipse rocket investiga-
tions. Pariicularly during the eclipse of 7 March 1970 at Wallops Island,
Virginia where Accardo et al. [1972] measured the residual flux of totality

in the bands 0.2-0.8, 0.8-2.0, and 4.4-5.0 nm to be 5, 7, and 16 percent of




the flux from the uneclipsed sun., Also Smith [1972] measured the Lyman-a
radiatior (1216 R) from the solar chromosphere and corona during the
totality of an eclipse to be 0.15 percent of the flux from the unobscured sun.

In the D region (nominally 60-90 km) electron densities have also been
observed to decrease substantially below their normal value during an
eclipse, [Omith et al., 1965; Mechtly et al., 1969; Mechtly et al., 1972].
This, as yet, has been not satisfactorily explained, partly due to the
complex cheristry of the water-cluster ions in this region. This is the
region of part’-ular interest in the experiments for the eclipse of
26 February 1979,

2,2 Ioniaing Rud.tion

As the major source of ionization in the earth's atmosphere, the
radiation generated by the sun covers a wide spectrum of energics including
the more important f{-rays and extreme ultra-violet radiations. The solar
spectrum inclules numerous emmission lines eminating from the chromospheric
and coronal regions of the sun, as well as scme continuum radiation.

The present study is concerned with solar radiation which can penetrate
to the lowest part of the ionosphere, the D region. The important ionizing
radiation of the 2 region are the hard X-rays (0.25 to 0.8 nm), the intense
Lyman-a line emission (121.6 nm), and the energetic charged particles that
make up the galactic cusnic rays [Whitten and Poppoff, 1971].

Measurements of solar radiation du:;ing an eclipse prove valuable in
three ways. The first is that radiation measurements can provide information
about the vadiation source; second, the concentration profiles of the
constituents of the neutral atmosphere can be derived using absorption
spectroscopy methods; and third, insight is gained into the mechanisms of
radiation-ionospheric interactions by observing the variation in electron
density caused by the obscuration of the solar radiation source.

2.2.1 Solar radiation source. Previous eclipse flights have provided
valuable information about the sun as a source *f Lyman-a radiation. It has
been confirmed that most of the solar Lyman-a radiation eminates from the
chromosphere, which has been shown to extend approximately 4000 km above
the surface of the photosphere (the visible sphere) [Weecks and Smith, 1971].
The eclipse is thus of smaller magnitude for Lyman-a that it is in the

visible spectirm. This is illustrated in Figure 2.1 in which the crosses
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give the Lyman-a flux as a percentage of the obscured sun as observed by

Nike Apache 14.274 during the eclipse of 12 November 1966. The solid curves
show the calculated percentage of the disk visible as derived from the
0

trajectory of the payload for different disc sizes. The curve labeled a
refers to the size of “he solar disc as it appears in the visible spectrum,
while the curves for a = 0.005, a = 0.01, and a = 0.02 refer to discs larger
by 0.5, 1, and 2 percent, respectively., It is seen in Figure 2.1 that the
chromosphere has a diameter approximately 0.5 percent larger than that of
the visible disc.

During the eclipse of 7 March 1970 further Lyman-u measurements were
made with the aid of Nike Apache 14.437. It was found that the brightness
of the chromospheric Lyman-o decreases exponentially over a range of
0.005-0.03 solar radii from the photospheric limb, with a scale height of
3835 + 70 km [Smith, 1972). Figure 2.2 shows this measured variation
expressed relative to the brightness of the first 1 percent of the disc
exposed, which was found to be approximately 14 percent greater than the
average brightness of the entire Lyman-a disc indicating limb brightening
of the chromosphere in Lyman-a.

2.2.2 Absorption profiles. The measurement of the absorption profile
of a certain wavelength of solar radiation is one method of determining
concentration profiles of specific neutral constituents of the atmosphere.
This technique requires a knowledge of the absorption cross section of the
species in question over a frequency range inclusive of the pass-band of the
radiation detector. An effective absorption cross section of the species
can be derived by taking the weighted mean of the absorption cross section
over the spectral width of the detector. When applying this technique one
must be certain that the absorption of the species in question is indeed
being measured and not some mixture of constituents with similar absorption
properties. Measurements of Lyman-a and 260 nm absorption profiles have
provided data for molecular oxygen and ozone concentrations, respectively
(Evans and Smith, 1975]. Concentration profiles obtained during rclipse
conditions provide information about the transport phenomena oi the neutral
species under investigation.

In addition to deriving concentration profiles, absorption profiles

are also useful in studying scattered Lyman-a radiation.
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2.2.3 Ionization of the D-regior. As already has been noted the

three main sources of ionization of the DP-region (at about 80 km) are

Lyman-a radiation, hard X-rays, and galactic cosmic rays. The very energetic
galactic cosmic rays and solar X-rays ionize all atmospheric constituents,
whereas the Lyman-a radiation can ionize only those constituents having
ionization potentials lower than 10 eV.

The relative importance of the three major sources of I-region
ionization was determined during the eclipse of 7 march 1970 by Acecardo et al.
[1972]. It was {ound that at 80 km, during totality, the ionization of a
trace constituent, nitric oxide, by Lyman-a produced 4 x 10~2 ion-pairs

= Sl Sl
cm S [ l, the ionization by X-rays (0.2 to 0.8 nm) produce 1.1 x 10 © ion-

pairs cm y s_l, and the ionization by galactic cosmic rays produced

0.4 x 1072 ion-pairs m™> s-l, thus giving a total, for these three sources
5.5 107" ion-pairs cm™” s'. These data indicate that ionization of NO

by Lyman-a radiation is the major source of ionization at the altitudes of
the D-region. This is because the intense Lyman-a line of the solar spectrum
aligns with a transmission window in the absorption cross section of
molecular oxygen (a majer constituent of the atmosphere) allowing penetration
of Lyman-a into the D-region, whereas the other ionizing radiations are
absorbed at higher altitudes. Therefore, Lyman-a radiation is of major
interest for interpretation of the changes in electrical properties of the

D-region that occur during an eclipse.




3. SOLAR X-RAYS (0.2 to 0.8 nm)

Each of the three payloads carried a Geiger counter sensitive to

radiation in the range of 0.2 to 0.8 nm (1.5 to 6.2 keV). The operation
of the Geiger counter and associated counter circuit will be discussed,
followed by the calibration procedures and calibration records for the
X-ray experiment.

Unit optical depths are 72 and 95 km for the wavelengths 0.2 and 0.8 nm,
respectively. The band of X-rays selected for investigation is represent-
ative of these unit optical depths and is a source of ionization in the
D-region. The band of X-rays is convenient for measurement by a Geiger
counter with a thin window of beryllium.

Although this band of X-rays is relatively broad, the actual spectral
energy distribution can be recovered by assuming a black body temperature
for the source. This can be obtained from the absorption profile of the
radiation, although not during the eclipse itself. The method is discussed
in Aceardo et al. [1972].

3.1 The Geiger Counter and Bias Circuit

A geiger counter is an extremely sensitive device used for the detection
of ionizing radiation, either corpuscular or electromagnetic. The high
sensitivity of the Geiger counter is due to the fact that an individual
photon or energetic particle can trigger a discharge from the Geiger
counter tube. Thus any types of particles which can release charge within
a Geiger counter can be detected, including X-rays which produce ionization
by secondary processes [Price, 1964].

Geiger counters generally consist of a chamber containing a conducting
cylindrical surface which surrounds a wire along its axis of symmetry.

A cylindrical geometry is commonly used because it facilitates parameters
that are easily controlled to meet design requirements. The chamber is
filled with an inert gas, usually helium, argon, or neon. A :-mall
percentage of a polyatomic gas is also added for quenching purposes.
Quenching is the process of terminating an electrical discharge within the
tube, which will be explained later in this section. Any polyatomic gas
molecule will produce the quenching action although each polyatomic gas
has certain advantages and disadvantages which must be considered when

choosing a gas fill for a Geiger counter [Korff, 1947].
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The Geiger counters used in the present experiment are contained in a
stainless steel cylindrical chamber which also serves as the outer conductor,
The chamber has a wall thickness of 0.5 mm, radius of 12.5 mm, length of
76 mm, a central wire of radius 0.005 mm, and is filled with neon at 0.5 Atm
with 1% isobutane added as the quenching agent.

For operation of the Geiger counter a large potential is applied between
the outer conductor which is referred to as the cathode and the central wire
which is called the anode or, sometimes, the collector electrode. This
potential sets up an electric field defined by the geometry of the electrodes,
with magnitude given by (3.1),

v
r loglotrl/rz)

es]
1

(3.1)

where £ is the electric field strength, V is the applied voltage between the

cathode and the anode, r is the point of observation, and . and 7  are the

radii of the wire and the cylinder respectively. Using equ;tion (5.1), the
aforementioned dimensions of the Geiger tube, and an applied voltage of

950 V (the voltage used in the experiment), the electric field intensity is
found to vary monotonically from 79.2 kV el at the wire surface to 317 kV cm L
at the cylinder wall. At only 1 mm away from the wire surface the field
strength drops to 3.77 kV em™? indicating a rapid increase in the electric
field when approaching the central wire. Keeping this in mind, an explanation
of the discharge operation of the tube will follow.

Assume that an ionizing event has taken place within the volume of the
Geiger tube, i.e., one or more charged particles, or photons, or neutral
particles have by some process produced ionization within the electric field
inside the Geiger tube. Once this ionizing event has taken place the
electric field will cause the positive ions to move toward the cylinder
wall and the negative ions and the electrons to move toward the central
wire. As the electrons approach the wire, they enter the region of rapidly
increasing electric field and are therefore accelerated to high velocities.
These electrons will cause the release of more electrons upon collision
with any atoms in their path. The additional electrons released along with
the original electrons will continue moving toward the wire causing even

more electrons to be released along the way giving an avalanche effect.
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Since the charge collected on the wire depends on the final number of
electrons arriving there, a response due to one single electron is greatly
amplified in this manner.

While this process is taking place the positive ions, moving much slower
due to their greater mass, drift toward the cylinder wall. Ideally, when the
positive ions reach the cylinder wall they are neutralized terminating the
discharge process and the counter tube is ready to detect another ionization
event. In reality the process of neutralizing the positive ions may result
in the release of electrons which will move inward and initiate new
avalanches and cause the discharge process to repeat itself, resulting in
a multiple discharge or a continuous, self-sustaining discharge. To prevent
the undesirable release of electrons upon neutralization of the positive ions
is the function of the quenching gas. The quenching gas will inhibit the
release of electrons thus removing the conditions for reinitiation of the
discharge process.

The Geiger tube does not immediately recover from the discharge, in that
the positive ions form a nearly cylindrical sheath around the central wire
which disrupts the electric field and prevents the initiation of new
avalanches near the anode. This situation continues until the ion sheath
has migrated out of the high electric field region near the wire. The time
interval during which the tube is completely insensitive to incoming radia-
tion is called the "dead time', followed by the ''recovery time' which is the
time required for the pulse size to regain its original amplitude. Another
time interval that is commonly defined is the "resolving time" which is the
time after a count for which the entire measuring system is insensitive to
incoming pulses. The resolving time is always greater or equal to the dead
time.

Figure 3.1 illustrates these time intervals for a Geiger counter
operating at a high counting rate.* The resolving time of a Geiger counter
presents an upper bound on the counting rate, but if the resolving time, T,
is known, a corrected counting rate NO can be approximated for any measured
rate N by using (3.2) [0'Kelley, 1962].

*To actually "see'" an output resembling Figure 3.1 would require a
storage oscilliscope because each pulse is triggered at a different time.
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.1 Illustration of pulse shapes in a typical Geiger
tube operating at a high counting rate. The dead
time and recovery times are determined by the
Geiger tube characteristics, but the resolving
time depends on the electronic recording system
[O'Kelley, 1962].
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Since the Geiger counters for this experiment are used to detect X-rays
which have a relatively high photoelectric absorption cross section, a thin
beryllium window is mounted in the side of the cylinder to admit the X-rays
into the Geiger tube. Most of X-rays incident upon the window will enter
the tube because of the relatively low photoelectric absorption cross section
of beryllium and the thinness of the window. The window and gas fill
combination determines the band of wavelengths for which the counter is
sensitive. The efficiency of the tube in the low energy vegion decreases
) because of absorption in the window and in the high energy region because
$ of the decrease in the photoelectric absorption cross section of the gas
fill. With the present beryllium window and neon gas fill, the counter is
theoretically sensitive to X-rays in the range of 1.5 to 6.2 keV. However,
during the eclipse it became evident the the counter is also sensitive to
electrons with energies greater than 40 keV.

3.2 Electronie Circuits

The block diagram in Figure 3.2 shows the structure of the X-ray
electronics. The resolving time, as described in the previous section, is
determined by the duration of a positive going pulse from the output of the
; monostable multivibrator during which the circuit will not respond to any
signal coming from the X-ray tube. The dead time of the detector is
approximately 130 microseconds while the resolving time of the circuit is
set to approximately 190 microseconds giving an extra margin tc allow for
any changes in the performance of the counter during the flight as well as

variations in operating characteristics from one counter to another.

The 950 V bias necessary for the operation of the counter in the Geiger
region is derived from the +30 V power bus using a 3 watt regulated DC-to-DC
converter module manufactured by Technetic, Inc. Figure 3.3 gives the
details of the biasing circuit. The series combination of R4 and C4 serves
as a smoothing filter for the DC-to-DC converter output. The signal from
the detector tube will have a 950 V DC component which is removed from the
active differentiator input by the capacitor CS' The resistance R2 isolates
the power supply from the central wire, thus allowing the anode voltage to

drop upon the collection of electrons following a discharge in the Geiger
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counter. R, also serves as a protective device in that the 1 MO resistor

will limit the current to 1 mA if the counter should go into continuous
discharge or if the high voltage portions of the circuit should be

accidentially short circuited during testing. Similarly R, will provide

1
current limiting if the capacitor C3 fails in such a way that it acts as a
short circuit. Neglecting R1 because it is relatively large compared with
R, and R4 and neglecting C4 because it is relatively large compared with C3

and the input capacitance C,, the time constant of the bias circuit is

given by,
CZCS
TB = RC = (Rz * R4)(R2 L R4) W = 75 us
where the values for R,, R4. C,, and C3 are taken from Figure 3.3. Therefore

the response time of the bias circuit is less than the 190 us resolving time
of the counter circuit and will not slow down the count rate.

The sensitivity of the active differentiator is such that pulses of
amplitude greater than the threshold of the pulse height discriminator will
be produced for two consecutive particles coming into the detector not
closer than one system dead-time apart. Thus a photon or an energetic
particle entering a not fully recovered Geiger counter will produce a smaller
than normal output pulse, as shown in Figure 3.1, but will be detected by
the edge sensing characteristics of the differentiation circuit and will
also trisger the monostable multivibrator via the pulse height discriminator
given that the particle enters the tube at least 190 us ‘ater than the
previous photon or energetic particle.

The pulse height discriminator performs a twofold function in that it
provides the proper logic levels for the multivibrator input and also
provides some degree of noise immunity by only reacting to inputs greater
or equal to a predetermined threshold voltage. Figure 3.4 gives the circuit
details for the pulse-height discriminator. The threshold voltage VT is
selected by choosing the proper value for R3 in the following equation,

. 22200

T R3

V

- 0.2
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To transmit a series of pulses such as those coming from the multi-
vibrator output would require a very large dynamic range. In order to
present this information on the FM/FM telemetry system of the payload the
following scheme is used, which decreases the dynamic range requirements
of the telemetry ¢ .nnel while retaining the information density of the
detector output.

As mentioned previously the monostable multivibrator will produce an
output pulse of approximately 190 us when a photon or energetic particle
enters the counter, These pulses are fed into a 4 bit binary counter with
output to a 4 bit digital-to-analog converter which will produce a lower
bandwidth signal consisting of a series of 16 step staircases as the counter
cycles through its 16 different outputs. The signal is then amplified by
the buffer amplifier to translate the staircase to a 0 to 5 V level
compatiable with the telemetry channel. Therefore, to determine an average
count rate over a certain time interval, one must determine the number of
"steps' in that interval.

3.3 Testing and Calibration

Table 3.1 of this section gives a summary of the testing and calibration
procedures for the X-ray electronics and are followed by Figures 3.5 and 3.6
vhich give the circuit details and the component layout, respectively. These
figures should be referenced while reviewing the testing and calibration
procedure. Table 3.2 gives the calibration record for the Geiger counters
flown in Nike Tomahawks 18.1020, 18.1021, and 18.1022.

Figure 3.7 is a photograph of a fully assembled X-ray deck. The Geiger

Tube can be seen in the lower left-hand corner of the picture.

SN




Table 3.1 Procedure for the testing and calibration of the X-ray electronics.

1.

o

w

Adjust the DC to DC converter to give an output of 950 V.
Place a radioactive source near the window of the counter tube and

observe the tube output at test point T, to verify proper operation of

1
the tube. The pulses should be like the ones shown in Figure 3.1 with
a maximum magnitude of approximately 1 V.

While the counter i: counting select the capacitance C, that will just

2

stop the damped oscillations at test point T Measure and record the

magnitude of the pulses. The magnitude shou?d be approximately 7 V and
to achieve rhis it is acceptable to allow a few cycles of damped
oscillations if necessary as long as they damp out in less than one
resolving time.

[solate the input to the pulse height discriminator and apply a sine
wave to determine the threshold voltage. While observing the output of
the monostable multivibrator slowly increase the sine wave amplitude
until the monostable is triggered. Measure the record and the thres-
hold voltage which would be the amplitude that just triggers the
monostable multivibrator.

Using the sine wave input to the pulse height discriminator as in step 4
adjust the amplitud: to a value greater than the threshold voltage and
monitor the outputc of the multivibrator. Adjust R6 to give a pulse
duration of approximately 190 us.

With input to pulse height disciminator as in step 5 adjust R, to produce

9
a 0 to 5 V staircase at test point Tg.
Reconnect differentiator output to the pulse height discviminator, place
test source near the Geiger tube window, and observe output at test

point T9 to insure overall proper operation of the Geiger counter.
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DOOR RELEASE MECHANISM
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Figure 3.6 Component layout for the X-ray electronics.
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Continued.
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Table 3.2 Calibration record for the X-ray electronics.

18.1020 18.1021 18.1022

SUPPLY

VOLTAGE (V) 950 950 950

TUBE

OUTPUT (V) -1.0 -0.6 -1.0

C, (pF) 6 4 5

DIFFERENTIATOR

OUTPUT 2 6.5 6.8

THRESHOLD

VOLTAGE (V) 0.23 0.26 0.22

RESOLVING

TIME (us) 194 193 194

Ry () 28K, 1% 24k]| | 270K, 5% 24.9K, §

OUTPUT

SWING (V) 0-5.0 0 - 4.8 0 -5.0

Ry (@) 1K, 5% 1K| | 18K, 5% 820, 10%
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Figure 3.7 A photograph of the X-ray deck for the payload of Nike
Tomahawk 18.1021. The larger aluminum can houses the X-

ray electronics and the smaller one contains the high-
voltage bias circuit. The Geiger counter and aperture-
defining plate are at the lower left. This deck also
carries the solar sensor, shown at the upper right.
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4, LYMAN-a RADIATION

Fach payload carries two photometers* sensitive to a narrow spectral

band of solar radiation, When flux of the proper wavelength (Lyman-a) is
incident upon one of these devices, a small current proportional to the
intensity of the radiation is produced, which is fed into an electrometer
(current-to-voltage converter). The following <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>