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PRE FACE

The technical efforts discussed in this report have been performed
for the Analysis and Simulation Branch (SUYA) under contract number
F19628—74—C—0169. This contractual effort consists of the design and
development of analytical routines and logical techniques necessary for
the reduction of raw digital data telemetered from rocket borne transducers
to physical parameters required for experimental evaluation. The techniques
to be developed will be applied to the analysis of PCM, PDM and FM data
transmitted from (1) liv photometers , (2) EUV monochromators , (3) solar EUV
scanning monochromators and (4) Laser monitor probes among others.

The analysis and mathematical techniques described in this report
represent only certain phases of the research being conducted in the given
areas.

The authors want to thank the Contract Monitor, Mr. Robert Mclnerney,
Analysis and Simulation Section (SUYA), AFGL Computation Branch, Air Force
Geophysics Laboratory ; Mr. Frank Gibson, Atmospheric Optics Branch, Optical
Physics Division, AFGL; Mr. Robert O’Neil, Radiation Effects Branch (OPR),
Optical Physics Division, AFGL; and Mr. Lawrence Weeks, Atmospheric Structures
Branch (LKB), Aeronomy Division, APGL, whose expertise and technical guidance
were of great assistance in the preparation of this report.
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1.0 INTRODUCTION

This report describes a number of numerical and processing procedures
that were developed to aid Air Force Geophysics Laboratory (AFGL) researchers
in the analysis and interpretation of experimental data. The research areas
for which these techniques were developed include: The determination of the
number densities of atmospheric constituents by the technique of absorption
spectroscopy , balloon—borne nephelometer measurements of atmospheric aerosol
properties, and the study of induced atmospheric optical emissions by rocket—
borne electron accelerators.

The processing systems discussed in this report are comprised of a number
of program modules which have been documented and submitted separately. Copies
of these programs and the intermediate data bases can be obtained by contacting
the Analysis and Simulation Branch (SUYA) of Air Force Geophysics Laboratory.

I
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2.0 A PROCESSING SYSTEM FOR RESPONSE DATA FROM
PRECESSING SOLAR RADIATION DETECTORS

Rocket measurements of the number densities of ozone (0 ) and molecular
oxygen (0

2
) are being performed in the upper atmosphere by t~e technique of

absorption spectroscopy. These measurements are made aboard sounding rockets
by several solar radiation detectors , (or “sensors”), each sensitive to a
particular wavelength of radiation. The radiation intensity as measured by
these sensors is constantly telemetered to the earth as the rocket passes
through the earth ’s atmosphere. Absorption profiles of each wavelength are
obtained by methods to be described. These profiles are used to deduce the
number densities of the atmospheric constituents of interest.

Certain wavelengths of solar radiation are absorbed only by particular
atmospheric constituents. This is because at these wavelengths the absorption
cross sections for these species are much higher than for others. (The absorp-
tion cross section of a material is a measure of the )probability of absorption
of radiation). For example , at the wavelengths 2600A and 2750A the absorption
cross section for ozone is much higher than for molecular oxygen and the other
major atmospheric constituents. Similarly at the wavelength 1216A (corresponding
to the Lyman—a line of hydrogen in the solar spectrum) only molecular oxygen is
a significant absorber.

This experiment exploits this phenomenon by measuring the altitude profile
of the radiation intensities at these wavelengths. The number densities of the
principle absorbers are then inferred as follows. If l(X ,Z) is the intensity
of wavelength A radiation at altitude Z, and if A corresponds to a wavelength
for which the absorption cross section ~( A ) ,  is significant for only one atmos-
pheric species, then the altitude profile of the number density of this species
is given by:

n(Z) = 
5~~~~a

(X) jj~ 
Log I(A ,Z)

where x is the solar zenith angle. The solar radiation detectors employed in
this experiment are sensitive only to these wavelengths. The radiation intensi-
ties of these wavelengths are measured at many altitudes and the intensity pro-
file so determined is used in the equation above to obtain the number density of
the particular atmospheric species.

The data so obtained must undergo extensive processing before it is of any
use to the researcher. The data must be corrected for the precessing of the
rocket, random background radiation , errors incurred in the data transmission ,
etc. The purpose of this processing is to reduce the sensor readings to a data
file consisting of radiation intensity (for each wavelength), rocket spin rate
and solar aspect angle at each altitude of the rocket flight (there will be
approximately five (5) such data points per second. Typical rocket flights
produce about 300 seconds of data). The data are then used by the researcher

8.
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in various atmospheric studies. The processing undergone by these data are
described in the following sections.

2.1 Preliminary Data Reduction

The experiment packages carried aboard these sounding rockets usually
employ two telemetry links to the ground recording stations. One link
telemeters the output of the solar aspect sensor, and the other transmits
the outputs of the various photon detectors. The latter makes use of the
FM/FM type modulation , which permits the simultaneous transmission of the
outputs of several transducers. Usually eight of these “telemetry
channels” are reserved for the outputs of the photon detectors. The
detectors are arranged in pairs mounted 1800 apart in the payload. The
outputs of both detectors af a pair are wired in parallel and telemetered
through a single channel. This “time—multiplexing” of the sensors halves
the number of telemetry channels required for the photon detectors. Since
the outputs are weak at low altitudes, these outputs are further amplified
by a factor of ten and telemetered on another channel.

The resulting experiment data consist of the time varying solar aspect
sensor output , and the eight time varying detector outputs , and are re—
corded on magnetic tape in analog form at the launch site. Later they are
digitized by the AFGL Decoimnutation Branch, using either the Astrodata or
the Honeywell 11—316 A/D systems. The processing system described in this
section begins with these dIgital tapes. Since the format of these tapes
is not directly compatible with the CDC 6600, modular routines were written
to read , unpack and convert the data to a format which can be used by the
FORTRAN programs which comprise this processing system.

2.1.1 Raw Data Display

The flow of the initial data reduction is illustrated in Figure 2.1.
Verification of the experimental data is done first by obtaining plots and
printouts of the digitized data tapes (dig ital counts vs. elapsed time for
each sensor). The researcher is given a set of these listingo and
plots for a preliminary review. The plots can be compared with analog
strip charts, recorded at launch time, and it can be ascertained whether
or not the digitization was done properly. The researcher may identify
possible sensor malfunctions , telemetry noise and background levels. His
analysis of the data may result in processing the data with filtering or
sraoothing routines, or completely ignoring any work effort for a particular
sensor.

2.1.2 Pulse Identification and Reduce

Most of the sensor signatures recorded in experiments of this type are
in the form of a series of pulses which rise above non—event periods called
background. In this experiment the pulses occur once every rotation of
the rocket, the peak occurring when the sensor is closest to the sun , and
the background when the sun is outside the sensor’s field of view. The

9.
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REDUCE program is used to reduce the amount of data to be handled to a
more practical level, by extracting the pulses. In some applications
the shapes of the pulses are important so that all the points comprising
each pulse are saved along with the corresponding pulse start and stop
times. In all cases the points which define a pulse outline are dif-
ferentiated from background or noise. This is accomplished by choosing
an appropriate “bias” level, slightly above the background level, points
above which are considered to be part of a pulse.

The logic for pulse identification requires the accurate definition
of several parameters. Extensive analysis of the plots and listings of
the raw digitized data from several sections of the flight is necessary
to assure the universality of these parameters. The choice of these para-
meters , particularly the bias level, often is made in conjunction with the
running of the SNAPSHOT program , described below. The parameters to be
defined are: The background level , the bias level, the minimum number of
points in a pulse (NMIN) and the maximum number of points in a pulse
(NMAX). In some cases the file must be processed defining these para-
meters differently for different segments of the data.

The logic assumes that the first data samples interrogated are
background samples. Consequently, an appropriate elapsed time must be
chosen for initial processing. The module has the option of averaging
all samples between pulses to define the background , to include the last
N samples as a running average background , (where N is determined by the
Sample rate), or using a constant background , determined by the user.

Since a certain amount of jitter or noise must be anticipated , another
parameter included is the number of counts a sample must exceed before
being considered the possible beginning of a pulse (NMIN). Minimizing
this threshold is essential if the pulses do not rise far above the back-
ground or if the pulse width is a desired result. Once the sample count

• exceeds the bias , NMIN consecutive samples must exceed the bias. If the
sample count drops below the bias before NMIN counts have been found ,
the search begins again. This check eliminates spurious noise spikes
which can exceed the bias value, but which usually are not of sufficient
width to fulfill the NMIN consecutive samples criterion.

If the criterion is satisfied , consecutive samples are considered to
be part of the pulse until NMIN consecutive samples are below the threshold
value. If the total number of samples defined to be part of the pulse
exceed NMAX, the pulse is not saved and the data are interrogated but not
saved until the sample counts fall below the bias value. This check eli-
minates areas with extensive noise. If the pulse width is a variable, the
value of NMAX must be greater than the number of samples in the widest
pulse.

Once a pulse has been identified , the average preceding background
level, number of samples in the background , number of samples in the pulse,
start and stop times of the pulse and an array containing the samples in

11.
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the pulse are returned to the calling module. This module is successively
called for each pulse in the sensor data until a reduced data file is created.
One such data file is created for each telemetry channel (including aspect).
Sometimes several of these files are retained on a single reel of magnetic
tape.

2.1.3 SNAPSHOT Fit

The SNAPSHOT program provides an independent check on the choice of
the above parameters. This program displays, one pulse per frame, the
points in a pulse, noting the bias and background levels. The data are
plotted on an expanded scale, where it is easy to determine if these
levels have been defined correctly . An example of a SNAPSHOT plot is
given in Figure 2.2.

Once a pulse has been identified , it is then necessary to determine
the peak voltage in it. This is done later by the SENSAR program by
fitting a parabola to the points in the pulse. The maximum value of the
parabola is taken as the peak voltage for that pulse. Not all the points
are used in the fit , but only a certain number above and below the center
of the pulse. This number is also determined with the assistance of the
SNAPSHOT program. This program displays, one pulse per frame, the points
in a pulse, and the parabola fitted to those points. The peak voltage is
also noted.

This routine can be used to examine data from tapes created on either
the Astrodata or Honeywell systems. Thus the rate of digitization, the
peak fit , and the bias and background level voltages can be examined in
one intermediate processing step.

2.2 Asp~ect Determination

• The sensitivity of the radiation detectors used in these experiments
varies with the angle of incidence of the radiation impinging upon them.
The detector sensitivities are maximum at normal incidence, and decrease
monotonically as the angle becomes more oblique. The sensitivity is de-
pendent upon many factors such as the detector type and geometry , the
thickness and composition of the window, etc., and usually is different
for each individual instrument.

This phenomenon would be ol no consequence here if the photon detectors
were pointed continuously at the sun, as is possible in some satellite and
large rocket applications. However, the precessional motion of small
sounding rockets, such as the Nike Apache used in this type of experiment ,
can cause off—axis measurements as high as 20°. For this reason the ex-
periment payloads are equipped with solar aspect sensors, the data from
which are used to determine the angular sensitivities of the detectors,
and to correct for conditions of normal incidence.

The solar aspect sensor is a device which determines the angle between
the spin axis of the rocket and the rocket—sun line. The detector consists

12. 
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of a diamond—shaped aperture mounted parallel to the spin axis of the
rocket, and a photo—detector located a fixed distance behind the detector
aperture. As the rocket spins, pulses are emitted from the photo—detector .

- I The time intervals between these pulses are used to determine the angular
distance between the rocket and the sun. The geometry of the detector
aperture and the corresponding signals from the photo—detector are shown
in Figure 2.3. The flow diagram of the processing required to determine
the aspect angles from the aspect sensor data is given in Figure 2.4. The
individual processing steps are described below.

2.2.1 Calculation of Raw Aspect Angles

Figure 2.5 illustrates a section of the pulse train telemetered from
the aspect sensor. This train is comprised of groups of two or three
closely spaced pulses (depending on the sign of the aspect angle), one
group being generated for each rotation of the rocket. To reduce the
amount of data to be handled , this aspect sensor data is first processed
through the reduction program described in the previous section.

Both the rocket spin rate and the solar aspect angle are calculated
at the mid—times of each pulse group. First , 4, the number of radians of
rotation of the rocket between the leading edges of the first and last
pulses of a group is calculated by the following equations:

4 = (A/B )~

A = TC
i
— T L

1

B [½TG. 1 
+ TB . + TG

i 
+ TB 1+1

where:

TG
1 

= The time interval between the leading edge of the first
pulse and the trailing edge of the last pulse in the i—th
pulse group, (i.e. the time duration of the i—th group).

TBi The time interval between the trailing edge of the last
pulse in group i-.l and the leading edge of the first pulse
in group i, (i.e. the time duration between the i—i to the
i—th pulse groups).

TLi The time duration of the last pulse in group 1.

therefore:

A = The time interval between the leading edges of the fit-s t
and last pulses of the i—th group.

B The rotational period of the rocket at the center of group 1.

14.
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The data from this detector are represented in digital form, usually
10,000 points per second. Originally, the time intervals of each pulse
was calculated by dividing the number of points in the pulse (obtained by
REDUCE) by the number of points per second. At a digitization rate of
10,000 samples per second this could result in errors in time as high as
0.2 microseconds with a corresponding error of about .3° in the aspect
angle. In the processing of the data from the two most recent flights
(AlO.504—l and AlO.507—l) this error was reduced by linear interpolation of
the points in the sides of the peak down to the bias level. The jitter in
the aspect angle was consequently reduced to about .10 .

The spin rate of the rocket in revolutions per second (RPS) is
simply:

RPS = 1/B

The solar aspect angle, a, is calculated for the i—th pulse group using
the following formula:

tana = (cos4 — sin4cot4 ) tan ci

where the constants 4 and a are the maximum values of 4 and a respectively.

Usually a is taken as 70 0 and the maximum calculated value of 4 (out of •

all the pulse groups) is used for the constant 4
~
, (usually about 60°). This

requires that 4 first be calculated for each group, 4 determined , and then a
can be calculated at each group. 0

2.2.2 Smoothing and Editing

The aspect angles calculated are not yet suitable for use in the
determination of the angular response of the detectors. Rocket vibration
and other effects cause noise in the telemetry system which transmits the
aspect sensor data. Consequently there will be noise points in the cal-
culated aspect data file , which are eliminated by use of the ASPSMED
program. Furthermore, since the maximum accuracy of the aspect data will
be to about .10 , it is necessary to smooth the data. Usually a five point
smooth is sufficient. However, it is important that only the aspect angles
for the region where the angle is varying slowly be smoothed. During the
“tumbling region” of the rocket flight the angle is varying too quickly
for a smooth to be accurate. The data in these regions are left alone.

2.2.3 Aspect Fit

The aspect angles calculated for the two most recent flights varied in
time in a manner inconsistant with what would be expected in a typical
rocket flight. For example, there were inflection points in the curve near
0° aspect (see Figure 2.6). ~nomo1ies were attributed to experimental
errors such as improper mounting of the aspect sensor. A smooth curve
was obtained by fitting portions of the data to the theoretical curve des-
cribed below.

18.
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For a rocket flying above the earth’s atmosphere, (where the effects
of drag may be ignored), the time—dependent aspect angle is given by:

sinct(t) =½ (sina — sina ) sin(wt + 4) +½ (sinct + sina )
max mm max mm

where the constants ci and ci are the maximum and minimum aspect angles,max mm
w is the precessional period and 4 is the phase. The high altitude aspect
angles are fit to this curve and these fitted points replace that portion
of the data base. The above curve is obtained by dotting a constant vector
(rocket—sun line) with a vector which precesses with constant frequency
(rocket spin axis).

2.2.4 Aspect Angle Data Base

All the data bases in Figure 2.4 are stored in the following format.
For each precession of the rocket a seven word record is written to tape.
These words are described below:

Word #1 — Hour

2 — Minute Time of Day

3 — Second

4 — Elapsed time from launch (sec.).

5 — Altitude (kilometers).

6 — Aspect angle (degrees).

7 — Spin rate (RPS) .

The intermediate data bases are stored on permanent file, the final
data base is stored on magnetic tape and later archived for possible future
use.

2.3 Sensor Corrections

At this point in the processing, the sensor peaks have been extracted
from the raw data base, and the time dependent solar aspect angle has been
calculated. Now it is necessary to determine the intensity profile for
each sensor (sensor voltage as a function of altitude), and to correct
these profiles for aspect modulation. These corrected sensor profiles are
used by the researcher in the determination of the densities of atmospheric
constituents.

Since there is no attenuation of solar radiation at altitudes above
the earth ’ s atmosphere , the radiation intensity is constan t at high al titudes.
However , the periodic variation of the sensor look angle , arising due to
the precession of the rocket, causes the sensor intensity profile in this
region to vary periodically , r eachin g a maximum when th e look angle is
closes t t o no rmal incidence , and a minimum when the look angle is highest.
To correct the intensity profile for this e f fec t , it is necessary to
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determine the response of the detector, i.e. the amount of intensity
deterioration as a function of look angle. This results in a correction
factor vs. look angle curve for each sensor. These curves are applied
to the sensor voltages and final data base of the corrected sensor
voltages is created. The flow of this phase of the processing is illus-
trated in Figure 2.7, and described below.

2.3.1 Uncorrected Voltage Data Base

When analog data is digitized, voltages are -represented as “digital
counts”. The lowest and highest digital counts refer to the lowest and
highest analog voltages, respectively. For the data in this experiment,
the telemetry voltages range from 0 to 5V, and the corresponding digital
representations are —1638 counts and +1638 counts, respectively. To
convert the digital data to volts, one simply multiplies each point by
5V/3276. The peak voltage in each pulse is determined by fitting a
quadratic to the points in the pulse, and then solving this quadratic
for the maximum voltage and corresponding time. The number of points to
be used in the quadratic fit is determined earlier when running the
SNAPSHOT program.

After  the peak voltages have been determined there will be one data
point for each rotation of the rocket. These data are merged with the
solar aspect angles to create, for each telemetry channel, a file con-
taining time , altitude, vehicle spin rate, sensor voltage and aspect
angle. Since spin rate, aspect angles and sensor peak voltages are not
available at precisely the same times, a Lagrangian interpolation scheme
is used to estimate the aspect angle and spin rate at the times when the
sensor voltage is at a peak. For each rotation of the rocket a nine
word record is written to tape. The contents of these words are described
below:

Word #1 = Hour

2 = Minute Time of Day.

3 = Second

4 = Elapsed t ime from launch (sec.).

5 Altitude (km) .

6 = Aspect angle (deg) .

7 Spin rate (RI ’S).

8 — Sensor output (volts).

9 = Sensor ID (1 or 2 corresponding to one
of the two time — multiplexed sensors
on this channel).

This data base is retained as a system permanent f i le during the proces-
sing, and later is copied to a magnetic tape for archiving.
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2.3.2 Determination of Detector Response

The next step in the processing is to determine the sensor voltage
profile which would result if the sensor were pointed continuously at the
sun , that is , if there were no precession of the rocket. The sensor look
angle, B , is defined as the angular deviation of the sensor from normal
incidence. Mathematically:

B ~a—MA~

where a is the aspect of the rocket, and MA is the mount angle of the par-
ticular sensor under consideration. The absolute value is taken because
the detector response is independent of the sign of the look angle.

The mount angles are provided by measurements made on the sensors
before flight. However, these measured angles are not precise due to
experimental errors and flexing of the experiment payload during flight.
Consequently the mount angles used may be slightly different from those
measured.

The correction factor , cf(B), for a given detector is defined as:

cf(B) = 
1 (0)

~~ 
(B)

where 1 (0) is the intensity of the radiation above the earth’s atmosphere,
as measured by the detector when it is normal to the radiation, and I (B)
is the intensity measured when the detector is at look angle B. cf(BY
is a monotonically increasing function of B, and is independent of altitude.
The correction factor is used to correct an intensity measurement (at any
altitude), by a detector at an angle B from normal incidence to what would
have been measured had the detector been situated normal to the incoming
radiation. During this phase of the processing, the sensor output data
are combined with the calculated solar aspect angles to obtain an estimate
of cf(B) for each radiation detector used in the experiment. Later these
will be used to correct the detector outputs for aspect modulation.

It is necessary to determine the voltage which would be output by each
sensor when it is at high altitudes , (where there Is no atmospheric attenua-
tion), and normal to the incoming solar radiation. The actual voltages
measured at these altitudes oscillates between a high and low value, as
the look angle oscillates due to the precession of the rocket, the peak
voltage at each precession cycle being observed when B = 0. A few of
the peak voltages measured at high altitudes when B ~ 0 are averaged and
saved along with the corresponding times. A quadratic equation (call it
V (t)) is fit to these points . This quadratic is the approximation to the
voltage which would be measured if the detector was always normal to the
radiation. For most detectors V (t) would be simply a constan t, but a

23.
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quadratic is used because the l45OA radiation is still slightly attenuated
at the highest altitudes attained by the rocket.

The next step is to form the ratio V (t)/V(t), at tim s corresponding
to high altitudes, where V(t) is the measured voltage at time t. This
ratio will be close to unity near 00 look angle and will become larger
as the look angle increases. This reflects the fact that a larger cor—
rection is required as the angle between the experiment sensor and the
solar radiation increases. These ratios are calculated only at high
altitudes where only the ook angle affects the measured voltage.

These ratios are plotted against mount angle (Figure 2.8). Since
the rocket has precessed several times during the times over which these
ratios were calculated , there will be several ratios for each value
of the look angle. The variance of these ratios will depend on the ac-
curacy of the mount angle used. Usually the above procedure is repeated
using several mount angles, and the mount angle which results in the
least amount of scatter in the ratio plots is used. A polynomial is
fit to these ratios , and this constitutes the approximation to the furic—
tion cf(B).

The SENSAR program is used for both merging the sensor voltage with
the aspect angles, and the determination of the correction factor. The
SENAC program, described below combines these to create the final corrected
voltages for each experiment sensor.

2.3.3 Application of Correction Factors

Now that the correction factor polynomial has been determined , and
the sensor voltage data base created , it is a simple matter to apply the
correction factor to the measured voltages to obtain the corrected sensor
profiles. Each sensor reading is multiplied by the appropriate correction
f actor to give the final corrected voltage. Since the polynomial approxi-
mation is used , all voltages with the same look angle will be multiplied
by the same ratio .

The aspect and sensor deterioration corrected voltages are plotted
against elapsed time. Figure 2.9 is an example of a corrected voltage
plot . If the corrections are applicable, the corrected voltage profile
should be a horizontal line at times when the rocket is above the earth ’s
atmosphere. The only variations from this horizontal line should be

• minor j i t t e r  attributable to sensor sensitivity. The corrected voltages
for each of the two sensors are punched on data cards and further sub-
divided into ascent and descent sections of the flight.

24.
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3.0 DETERMINATION OF ATMOSPHERIC AEROSOL SCATTERING
• PROPERTIES FROM BALLOON-BORNE NEPHELOMETER DATA

Experimental studies have revealed the existence of optical scattering pro—
pertles in the atmosphere. Experiments by Gibson (Ref. 1), involving balloon—
borne nephelometers, have been undertaken to study these properties. The optical
scatt er ing properties are usually determined trom measurements of the extinction
coef fic ient and the angular volume scattering func t ion ~(4 ) ,  where 4 is the
scattering angle. The wavelength , polarization , and angular dependence of the
scattered light are dependent upon optical and physic ~l properties of air mole-
cules and aerosol properties contained in the volume element. These properties
include: particle size, distribution , refractive index and particle shape.
They are proportional to molecular and aerosol number densities.

The determination of the angular volume scattering function, B(s), as a
function of altitude is accomplished by experiments involving balloon—borne
nephelometers. The instrument measures B(S) in absolute quantities at five
scattering angles for wavelengths in the visible spectrum . The polarization
of the scattered light is analyzed at selected angles and wavelengths .

Theoretically, if the instrument response to energy reception is linear and
B(S) the only remaining variable, then the response can be expressed as

W( 9 ) =

where K is the calibration factor for a photometer at scattering angle 4~ and
spectral filter of wavelength X . After determination of K,~3X (45) is calculated
as a function of altitude from the measured analog signal voltages from the
nephelometer.

On the balloon—borne nephelometer , five photometers are mounted . The photo-
meters measure scattered light from a defined volume of atmosphere at l5O~ , 100°,
500 , 300 , and ~~~ Adjacent to the aperture of each photometer is an eight—
position filter wheel, which is rotated stepwise so as to provide a sampling
of several spectral frequencies. Some filters have linear polarizers for certain
photometers. These allow analysis of the perpendicular and parallel polarization
of the scattered light .

Understand ing of the purpose of the experiment , the form of the data , the
intermediate stages in the processing stream , the anticipated results, and the
formats of data representation leads to successful and accurate processing of
the experimental data. The phases in the processing system are described in
the following sections. The flow diagram for this system is given in Figure 3.1.

1. F. 1.1. Gibson, “h: SLtu Photometric Observations of Angular Scattering
from Atmospheric Aerosols,” Applied Optics, Vol. 15, P. 2520,
October 1976.
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3.1 Data Reduction

3.1.1 Prelimip~~y

Many of the initial phases of the data processing are identical in
function , if not detail , for the various types of balloon—borne experiments.
The verification of the digital tapes and listing of the digitized counts
are common to all experiments.

In this experiment, the analog signal voltages from the instruments
are telemetered to a ground receiving station, where they are recorded on
magnetic tape for computerized data reduction. A Honeywell H316 A/D System,
installed at the Air Force Geophysics Laboratory Decommutation Center is
used to convert the analog data to a standard digital format for analysis
on a large scale digital computer. The format of these digital tapes is
not directly compatible with the AFGL CDC 6600. Modular routines are used

• to unpack and convert the data to a format acceptable to the FORTRAN pro—
grams comprising this processing system.

Accompanying each digital tape is an analog to digital work request.
It defines the contents and format of the digital tape to be processed .
Each form contains the balloon flight identification , the type of digitiza-
tion, time duration and channel source of each file. In the balloon—borne
nephelometer experiment , the resulting data are from five photometers and
one altimeter channel. The data samples are usually multiplexed during
digitization , necessitating special processing before data reduction.

All digitized data tapes can be analyzed by program FMH3I6, which de—
multiplexes the data on the input tape and creates an output tape. The
output tape is formatted to be acceptable as input to the analysis pro-
grams. FMH316 produces a summarized listing of the digitized counts versus
elapsed time from launch and the time of occurrence. Usually, only selected
portions of the data are listed . This printout (see Figure 3.2), in conjunc-
tion with an analog strip chart, is used to determine the minimum high
calibrate and the maximum low calibrate for the conversion of the digital
data to telemetry (TM) voltages.

3.1.2 Pulse Identification and Reduce

Figure 3.3 illustrates a section of the stripchart used to display
the analog data telemetered from the experiment package. The five traces
at the top of this chart correspond to the outputs of the five photometers,
and the last trace corresponds to the output of the altimeter . These six
voltages are digitized and multiplexed together on a single reel of mag-
netic tape. Usually a digitization rate of 180 samples per second is used ,
which yields a rate of 30 samples per second for each of the six instruments.
The method by which these traces are generated is described below.

An eight—position filter wheel is mounted in front of the entrance slit
of each photometer . The filter wheel is rotated stepwise so as to provide a
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sampling rate of 3 seconds/filter. The midtime of each sampling interval
is indicated by a —1.25 volt pulse , and the average of the voltage f or a
short time before and after this pulse constitutes the datum at that time.
The start of a filter wheel scan is indicated by a 5 volt synchronization
pulse. Thus the outputs of the photometer channels consist of a series
of pulses, every three seconds; a 5 volt pulse followed by eight —1.25
volt pulses, with the voltages in between pulses being proportional to
the photometer reading at one of the eight filter positions.

Program REDUCE1 searches for experimental scans having eight pulses
occurring sequentially. The start of a scan is identified first. The
start occurs when an area has been found containing several data greater
than a specific value, PULHI , determined during the preliminary data review.
The average, as a 5 volt indicator, is then computed. Eight areas must
follow having few data lower than a certain value, PULLO, and the average,
as a —1.25 volt indicator , is computed. The midpoint of each pulse from
the —1.25 volt indicator must be determined. The four points on either
side of the indicator, corresponding to when the signal is dropping or
rising, are ignored. Twenty points per indicator , ten preceding and ten
fol lowing the indicator , con t ribute to the data base. Scans are eliminated
if their pulses do not conform to the above criteria, or there are not eight
—1.25 volt pulses in succession. When a data scan is found to be in error,
it is so noted in the listing. The bad scan listing usually will reveal
problem areas in the f l igh t .

A file is created consisting of the time, average HI calibration ,
average LO calibration , and the twenty points for each f i l te r  in a scan .

3.1.3 Data Conversion and Di!play

The next phase in the processing system is the conversion of the data
on the digital tapes to telemetry volts. This is a simple linear conversion
using the high and low calibrates, determined above. The range of the TM
voltages in this experiment is from —1.25 to 5 volts, corresponding to the
peaks of the synchronization pulses described earlier. The data on the
digital tape range from —2048 to 2048 “digital counts ” . The average minimum
and max imum dig ital counts (determined earlier by REDUCE1) correspond to
—1.25 and 5 TM volts, respectively. The intermediate voltages are determined
linearly, using these numbers as calibrates.

This conversion is accomplished by program PLTT. It also reads the
reduced data file and averages the 20 data points saved for each pulse.
After the average voltage in each pulse is deter~ Lned , there will be only
one data point for each pulse to be saved. There are eight pulses for each
rotation of the eight—position filter wheel in each photometer.

The data base consists of voltages vs. elapsed time. For each rotation of
the filter wheel, a record is written containing the eight sets of data , i.e. the
average of the 20 points associated with each pulse. This data base is written

_ _ _ _ _ _ _ _ _ _ _ _- 
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to a system permanent f i le , using the random access routines , for convenience
in further processing .

PLTT also allows the user to display the data voltages, as a function
of elapsed time , on the interactive graphics console screen for a preliminary
view. The user is then able to ascertain whether data reduction has been
successfully accomplished . In addition , Calcomp plots of voltages vs. elapsed
time of each pulse for each photometer can be generated . The identification
of the experiment events (pulses) also associates the event with an elapsed
time from launch. Plots and listings of this association usually are suffi-
cient for pulse identification verification purposes.

3.1.4 Altitude Determination

The balloon’s altitude is used as a common frame of reference. Later
ascent and descent portions of the experiment results are often compared for
self—consistency. The altitude of the experiment package is determined both
by transponder tracking systems and by an on—board altimeter . The altimeter
data is telemetered to the ground , where it is recorded along with the instru-
ment data. Program REDUCE2 is used to unpack and demultiplex this data.

The altitude parameter is determined from reduced altimeter data with
elapsed time from launch as the independent variable. Since the altimeter
data is recorded as digital counts, it first has to be converted to tele-
metry voltages, using a linear calibration. The range of this voltage is
from 0 to 5 volts. Program RF is used to create a permanent file containing
altimeter data in TM volts with elapsed time from launch. Later, when the
altimeter has been calibrated , these TM voltages are converted to altitude
in kilometers, using a linear calibration supplied by the researcher.

3.1.5 ~~~j~g~pund Corrections

The first of the eight filters on each filter wheel is opaque to the
radiation impinging on the photometer . The signal measured when this filter
is in position is the background signal (due to noise, randomly scattered
radiation, etc.) to be subtracted from the signal measured when the remaining
six filters are in position. Thus the background signal for each photometer
Is sampled once every rotation of the filter wheel.

Consequently the first datum in each eight—filter scan represents the
background signal by which the following seven data are augmented . Program •

RWRT performs this correction and creates a data file with six background—
corrected data points per filter scan. (The data from one of the filters is
not used by this processing system.) This data file is created using the
random access routines in order to facilitate the remaining processing. F
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3.2 Conversion of Telemetry Voltages to the Measured Parameters

3.2.1 Gain Change Corrections

Several mid—flight gain changes were made, enabling signals to be re-
ceived over several orders of magnitude below those observed at ground level.
As the experiment package ascends through a less dense atmosphere, the sen—
sitivity of the instruments on board mus t be increased to compensate for
the reduced signal received. These gain changes are made remotely, by the
researcher on the ground , while monitoring the telemetered signals. Con-
sequently , the outputs of the photometers, rather than being monotonically
decreasing with increasing altitude , exhibit jumps in the signals at the
times at which the gain changes were made (see Figure 3.4). Before these
data are of any use, they must be corrected for these gain changes.

These gain changes increase or decrease the instrument sensitivity by
a constant factor. To correct the data, one must determine the times of the
gain changes and the factors by which the instrument sensitivities were
changed. Then the data in between gain changes is adjusted by the gain
change factors in the appropriate regions to yield a data base in which
all the voltages are with respect to the ground level observation.

An interactive graphics program, SPLOT, has been developed to facili-
tate these gain—change corrections. This program displays the voltage
versus elapsed time data on the graphics screen and permits the researcher 

—

to observe the effects of changing the gain change factors. The times of
the gain changes are determined by examining the listings of the raw data,
which were generated earlier. The researcher and analyst observe the data
profiles for each filter of each photometer and determine the gain change
factors to be used. This program creates an output file consisting of
corrected voltage versus elapsed time data for each profile. Additionally ,
hard copy (pen and ink) plots of the final data bases are also generated
by this program.

3.2.2 Conversion to the Measured Parameters

The next phase after the gain change corrections to the telemetry
voltages is converting the data to the units of the measured parameters
(photometer intensities). Each photometer is calibrated prior to flight
and postf light .  Variations in the lenses , fi l ters , etc. ,  are constants
accounted for in the instruments calibration factors. This calibration
factor is supplied by the researcher after experimental determination , and
is multiplied by the corrected voltages, to obtain the measured parameter. F

The balloon height profile is generated by connecting time to altitude
heights from the altimeter data and provided calibration. The data base
containing the volume scattering function (KM 1—SR 1), altitude (KM), and
total number of data points for each instrument or scattering angle are
generated onto a system random access file for further processing.

36.
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3.2.3 Applications

The generated volume scattering function with altitude for each instru-
ment is used to analyze the vertic~l distr ibution of atmospheric aerosol

- 
- particles. Spectral filters at 0.475 i’m , 0.515 pm , 0.660 pm and 0.745 pm

are used in this experiment. The 0.475 pm and 0.660 pm filters also have
• linear polarizers on their surface for 50°, 100°, 150° photometers.

• Program PLT generates three plots; the first exhibits the profile of
the altitude and variability in the volume scattering function (logarithmic
labeled axis) at certain filters for each photometer (see Figure 3.5). This
prof i le  illustr ates the general structure of the changes in angular scat-
tering intensity for the balloon t s ascent and descent. The altitude profile
of the polarization ratio of certain photometers and filters is produced
(see Figure 3.6). This second profile shows the particle size that offers
the greatest contribution to the scatter ing polarization . The third plot
is the altitude profile of the ratio of measured intensities at two different
angles (see Figure 3.7). This ratio is called the dissymmetry. The last
profile reveals the sensitivity of the polarization and angular scattering
parameter to the size of the particles in the measurement volume.

In many phases of the processing , individual programming efforts are
often necessary in order to handle peculiarities in some of the data. 4

However, most of the time, the processing of each photometer data is so
similar that the same programs are used for each, with perhaps slight modi-
fications in the handling of the input.
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4.0 A PROCESSING SYSTEM FOR ROCKET—BORN E ELECTRON
ACCELERATOR EXPERIMENT DATA

Rocket—borne experiments, coordinating an Electron Accelerator, and a
number of optical and infrared sensors, were performed to measure the distri-
bution of the electron energy deposition in the atmosphere , and to detect the
electro—magnetic radiations induced by the electrons.

A typical electron source, square wave modulated at 0.5 Hz, was initiated
at a rocket altitude, of about 75 EM, on payload ascent , and continued through
apogee to a descent altitude of approximately 80 KM, operating for an interval
of about 180 seconds. The electron beam, spiraling along the magnetic field
lines interacted with the air constituents and gave0rise to the luminences at
several dominant wavelengths, (e.g., 39l4A and 5577A). Tw~ ground based tele—
photometers measured the time—dependent emission rate of N

2 
first negative 39l4A

and slow decay O(1s) 5577A radiations. The 39l4A data were used for0the measure—
ment of the spatial distribution of the electron energy and the 5577A data served
to measure the short time motion of deposition and afterglow volume. All the
electron gun and the sensor data were sent to the ground stations through the
telemetry system on different channels, while the rocket was passing through
the atmosphere. - 

1
0 0

An intensity ratio of 5577A to 3914A could properly test the interaction
mechanisms and serve to determine the duration of the excited atmosphere. In
order to integrate the radiation intensity of both channels within the tele—
photometer field of view, the geometry of the payload and the beam length with
respect to the telephotometers at different stations have to be known before
calculating the luminous efficiency and telephotometer Intensity ratio . During
the course of these calculations, a 1971 Jacchia atmospheric model was utilized
and the intensity of both frequencies absorbed partially by the atmosphere were
also corrected for the effects of atmospheric extinction.

The data reduction and processing system are described in the next section.
The third section contains the data analysis required to calculate: a) The
size of the electron deposition volume along the magnetic field , b) the apparent
size and orientation of the electron excited volume as viewed from the different
optical ground stations , c) the fraction of the prompt electron beam luminescence
observed within the telephotometer field of view including the effects of the

F 
telephotometer angular response function , d) the telephotometer “look time” in
the electron beam afterglow to determine field of view effects, if any, on

the slow 0(1s) 5577A luminescent decay measurements , e) the velocity components
of the payload parallel and perpendicular to the geomagnetic field to determine
the excitation duration of a given atmospheric volume element, f) the rocket—
borne electron beam time dependent voltage , current and power characteristics
as determined from telemetered accelerator data including some monitors avail-
able only in a commutatored format and g) the luminous efficiency for production

of 4 lN 3914A emissions.
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The overall flowchart of the linking among the data reduction and/or pro-
cessing and analysis is presented in Figure 4.1.

4.1 Data Reduction

Rocket—borne experiment data are telemetered to the ground stations
through the different telemetry channels. The outputs of these experi-
men ts , for instance, the electron gun data, are transmitted by the FM/FM
carrier system which permits the simultaneous transmission of the outputs
of multiple detectors. The outputs are recorded on magnetic tape in
analog form at the site of launching, and later are digitized by the
Honeywell H—3l6 analog to digital system.

For the electron accelerator experiments, there are electron gun
(accelerator) data , and telepho tometer data involved in the calculation of
luminous efficiency and telephotometer intensity ratio. Data reduction
of both types of data are described in the following two subsections. An
additional topic, concerning the determination of the gun pulse on—off
times, is also presented in the third subsection.

4.1.1 Electron Gun Data

The electron gun data consists of the voltages and currents of each
of three guns and are telemetered through both the commutator (FM/FM/PAN)
and continuous (FM/FM) channels. All the voltages are telemetered on
commutator channels and all the currents on continuous channels. In addi-
tion , the gun 1 voltage data is also linked through a continuous channel
to serve as an additional check on the electron gun system. The commutator
has 64 sequences per frame and samples at a rate of 2.5 frames per second.
The gun voltage and current data are linked through six commutator sequences,
hence the absolute value of gun power is measured over a time slip of 37.5 ms.

The data to be processed , both from the commutator and the continuous
channels, are provided in digital form and have to be converted to the
appropriate units. For example, the electron gun data are to be converted
to the units of volts and amperes. First the data are converted from
“digital counts” to telemetry (TM) voltages, which usually range from 0
to 5 volts. Then the data are converted to the units of the measured para-
meter, using calibration constants provided by the experimenter.

Prior to launch, a staircase potential is generated through the telem-
etry system (see Figure 4.2). Signals at 0, 1, 2, 3, 4 and 5 volts, for
1 second durations are generated for calibration purposes. Later when
the data are digitized, the voltages at each of these steps are associated
with the corresponding digital count on the tape. A linear fit is per-
formed to determine the constants to convert the digital counts to telemetry
volts.

43.
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The data processing begins with copying the original magnetic tapes
which contain the digital data, to computer center tapes. The original
tapes are then kept for backups. Since the packed data formats used on
these tapes are Incompatible with the CDC 6600, modular routines are
used to read, unpack and convert the data to a format which can be used
by the FORTRAN programs which comprise this processing system. The
commutator data is processed through the standard “Rocket Processing
Package” (RPP) to create the commutator data base. Program FMH316 is
used to process the data from the continuous channels. RPP could be
used to process the continuous data also, but the shorter and faster
FMH316 program is usually more convenient.

These two data bases are used by program GUNPWR to calculate the
total gun power, that is, the total energy deposited in the atmosphere
at each pulse of the guns. The power of each individual gun is simply
the product of the gun current (obtained from the continuous channel
data) and the gun voltage (obtained from the commutator data). The
total gun power is also computed. This computation Is made once for
each sweep of the commutator, at times corresponding to when the commu-
tator is sampling the voltage of the particular gun. This provides 2
to 3 points per gun pulse. Additionally, the gun 1 voltage data, ob-
tained from the continuous channel , is averaged over the same time
interval as when the commutator is sampling the quantity. This average
is noted in the listing for comparison purposes. A data base is created
which contains gun pulse number , time, voltage , currents and power for
each of the three guns and the total power.

The file contains one record for each sweep of the commutator. The
contents of each 15 word record are described below:

Word #1 Pulse number

#2 Elapsed time at the center of each commutator
group (see)

#3 — Continuous gun 1 voltage averaged over the time
the commutator is sampling the gun 1 voltage (KVolt)

#4 — Coimnutatored gun 1 voltage (KVolt)

#5 — Gun 1. current (Ampere)

#6 — Gun 1 power (KWatt)

#7 — Continuous gun 2 voltage averaged over the time
the commutator is sampling the gun 2 voltage (KVolt)

#8 — Conmiutatored gun 2 voltage (KVolt)

#9 — Gun 2 current (Ampere)

— 47.
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Word #10 = Gun 2 power (KWatt)

#11 Continuous gun 3 voltage averaged over the time the
commutator is sampling the gun 3 voltage (KVolt)

#12 — Counnutatored gun 3 voltage (KVolt)

#13 — Gun 3 current (Ampere)

#14 Gun 3 power (KWatt)

#15 = Total power of all three guns (KWatt)

This data base is retained as a system permanent file during the
processing, and later is used in the computation of the luminous ef—
flciency.

4.1.2 Telephotometer Data Processing

Two ground—based telephotometers re~orded the0intensities of the
Induced emissions at wavelengths of 39l4A and 5577A respectively. The
data were recorded on magnetic tape and were later digitized in the same
manner as telemetry data.

In order to verify and obtain a noise free data base, raw data
plots are generated for each telephotometer by plotting the intensity
(in digital counts) versus elapsed time. This raw data display assists
the analyst in locating the noisy data; later it can be smoothed and
edited If necessary. A lIst of the raw data is also available for the
correction and identification of the sudden change o~ time dependent
background level. Representative plots of both 5577A0and 39l4A inten-
sity data are shown in Figure 4.3. Note that the 3914A data shows the
characteristics of square wave pulses and the 5577A data of exponential
growth and decay as a function of elapsed time.

4.1.3 Determination of the Electron Gun Pulse On—Off Times

The electron gun accelerated the electrons along th~ magnetic0field
lines at an on—off frequency of 0.5 Hz. Since both 39l4A and 5577A
radiations are induced by the electrons interacting with the atmosphere,
the determination of the gun pulse on—off times is necessary for the cal-
culations of the luminous efficiency and telephotometer intensity ratio.
Both the telephotometer data and continuous (gun 1) voltage data are
used to determine the gun on—off times by setting a threshold level, above
which the gun is considered to be “on”. For example, a level of 1 TM volt ,
(corresponding to 343.5 digital counts) and of 0.150 XV, (correspond ing
to —1557 digital counts) are taken as the criteria for the data of 3914X
emissions and of the continuous (gun 1) voltage channel respectively , for
the EXCEDE:SWIR experiment data.
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Program EXTM determines the gun on—off times on the basis of the 39l4A
telephototneter data. It creates a data base of gun on—off times for use
as input to the calculation of the luminous efficiencIes. Program TIML
performs the same analysis, but using the electron gun voltage data. The
on—off times determined by EXTN are also used as input to the program
which calculates the telephotometer intensity ratios.

4.2 Data Analysis

Our part of the analysis of the data from the rocket—borne electron
accelerator experiments falls into two general categories. The first
involves the geometric relation of the payload and/or beai~’ length with
respect to the different ground stations, and the other is the determina—
tion of the characteristics of the electron induced radiations. The
analysis and calculation of the parameters of both categories are des— ti
cribed below.

The calculation of the slant range , elevation, and azimuthal angle
are done by the ONTST program using the following equations:

SL = ~[(X_XS)
2 
+ (Y—Y s) 2 

+ (Z—ZS)
2

-l fY-YS
= tan \x_xs

e = ~i
_
~ (Z_Zs)

Where SL, p, and 0 are slant range, azimuthal and elevation angle
resp~ -~~-~vely.

X, Y, Z is the location of the payload and Xs, Ys, Zs is the position
of a given station.

Next we calculate the electron beam length, the apparent beam length
and its angular extent. A fundamental parameter which has to be known
to calculate tI~e beam length (the length of the electron excited column)
is the electron practical range, which is the distance an energetic electron
will penetrate in an air—like medium. The nominal electron power for this
type of experiment is 2.5 KV—3.0 XV corresponding to a practical electron

range of 2.2 x lO~~ --2.97 x 10~~ ~~/cm
2
. It is used along with the 1971

atmospheric Jacchla model to determine the electron beam length. The use
of the atmosphere model is subject to the range of altitude of interest ,
for instance , the use of this Jacchia model is good for the altitude
range of 90 KM to 130 KM.

The logarithm of the total density , p(z), f rom the Jacchia model , for
the time of the launch is fitted with piecewise polynomials, from 90 KM
to 130 KM. These polynomials are then incorporated into a subroutine that
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~1
can rapidly compute the integrated vertical column density,

The beam length at an altitude z is then computed. The beam length ,
z
1 

— z is found by solving for z
1 
in the equation:

.I~~d Z  = Psin4

where P is the practical electron range and ~ is the angle between the
magnetic field and the horizontal plane.

Next the apparent lengths and orientations of the electron beam as
viewed from the ground stations are computed. The following geometric
configuration is defined before we go on to carry out the computation.

Let a viewing device V (telephotometer or camera) be located at the
origin of a coordinate system, and let the tracking vector , R(T) , be a
vector with initial point at the origin and terminal point at the rocket.
Also, let the beam vector , B(T) , be a vector with initial_point at the
rocket and terminal point at the beam tip. Further, let N(T) be a vector
which lies along the line of sight of V and which points in the direction
of vision. Finally, let P be the plane_which passes through the rocket’s
position and_which is .aerpendicular to N(T), and denote the projection
of a vector A on P by A .

Since V sees only the projection of the beam on P, we define the ap-
parent beam length , APBL , to be B (T).

The_appareflt vertical angle, APVAN G, we define to be the angle
between K and B (T). K is the unit vector in the direction of the posi-

tive vertical. From the point of view of a photograph, APVANG is the angle
between the image of B(T) and a vector pointing up which is parallel to
the vertical edge of the photograph. Here we are assuming that the camera
is not tilted in the sense that a vertical object has an image which is
parallel to the vertical edge of the photograph.

Also, APHAN G , the apparent horizontal angle is defined so that in the
case of an untilted camera, it equals the angle between the image of the
beam and the horizontal edge of the photogra~h. To remove the ambiguity,
we precisely define it as the angle between B (T) and a vector parallel

to the bottom edge of the photograph having a positive X component.
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BIT) was determined by the beam length and magnetic field direction ,
whl’e N(T) was taken to be the line of sight of the telephotometer , which
was 1 miliradian below the payload.

The dot product was used heavily in_the computation of the necessary
projections; the projection of a vector A on a vector B is given by
A~B—  

A~B —
- B , while if P is a pla ie the projection of A and P is given by A — ~~~~~~~~ B

where B is perpendicular to the plane.

Since, to determine the luminous efficiency , it was necessary to know
how much of the beam was being observed , and due to the fact that at times
the beam exceeded the limits of the field of view, it was necessary to
compute the fraction, F, of the beam luminescence seen by the telephotometer.
To do this we had to make use of the telephotometer angular response funct ion.

The fraction F is given by

Aw(s)P s) ds 
= fB

w(s)p (s) ds
F = 

fi
P(s)ds P

where the integration is performed with respect to distance over the beam
path B. P is the practical electron range and W(S) is a weighting function
determined by the angular response function. In the center of the field
of view cone W=l, and as the “shadowy” region at edge of the cone (ap-
proximately ~30 from the centet~ is approached W decreases and becomes 0
outside the cone. The actual value of W at a point at an angle ~ from the
center line of the cone was determined directly from the smoothed angular
response function. The smoothing was done using linear segments with the
resulting profile having a trapezoidal like appearance .

In computing F, the integration was performed by making the approxima—
tion

S1+~s S1+~s

Jw(s)~~(s)ds~~w(sj+ ~!.) 
_[P(

s)ds

S1 Si

the latter integral having been computed when the beam length was determined.
In this analysis, a scale penetration function equal to unity was assumed
along the entire beam length. If a more sophisticated penetration function
had been used W would have had to have been altered to reflect it.

To examine the field of view effects on the slow 0(1S) 5577A lumi—
nescent decay we computed the “look time” for the rocket and the beam tip.
The look t ime for the rocket is the time it took for it to go from the edge
of the observed field of view to its viewed position, one miliradian above
the center of the field of view.
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The computation proceeded as follows. The entire field of view
was approximately .3°. So letting $ = cos(.3°) and solving for t = T<t0such that the cosine of the angle between N(t

0) and R(T) is ~ results inthe time T at which the rocket was at the edge of the view field. Hence,
the look time at t is t — T. Since the cosine of the angle between

i(t ) and ~ (t) is

N (t ) .R( t )

I~i(t 0) i F ~(t) I

T was found by solving

N( t ) R (t)  = 8~ N(t)I R(t)i.

F 

The equation was solved iteratively by using the bisection method.
The look time for the beam tip was computed in an analogous way.

To determine the excitation duration of a given atmospheric volume
element, it was necessary to compute the velocity components of the rocket
both parallel and perpendicular to the magnetic field.

If I is parallel to the magnetic field then

V (T) = ~~~~ .1x dt gives the

component of velocity in the X direction. The perpendicular component
is given by

V~ (T) = . Y

lvi

These formulas were used in the computation.

The total power emitted by the electron accelerator was determined by
transforming the digitized telemetry data into volts and amperes, and this
was then combined with the telephotometer ground based measurements and
the values of F to determine what fraction of the electron beam power was
radiated in the N~ first negative.
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This parameter c is defined as the induced luminous e f f ic iency

(TM volts) x 1R 1 2 2.32x10 14
a =

TM volts is equal to the 3914A signal level of the telephotometer, P is

the total power, T = e ° 451 cscO is the atmospheric transmission , and 0
the elevation angle. Note that the constan t 0.451 is the wavelength
dependent extinction coefficient and will vary for the different wave-
length of interest. Thn value of c for the N~ iN in 39l4A emission vs.al t i tude is shown in Figure 4.4.

Finally, program INRATIO calculates the intensity ratio of 5577A to
77A3914A emissions, 

~ ~~~~~~~~~~ 

This is done by using the following equation:

~~~~ 
R55~ 7 (TM Volts 5577) x 10.6 x e 0.451 csc0

3914 3914 
— 

(TM Volts 3914) x 12.2 x e °~
’88 csc0

where R is in the unit of photon/ sec and 0 is the elevation angle. The
constants 10.6 and 12.2 are used to convert TM volts to t 1 e act ual para-
meter being measured . The altitudinal variation of the telephotometer
intensity ratio is computed and plotted .

4.3  Modular Design

Th e data reduction and p rocessing system for the rocket borne elec—
tron accelerator experiments was designed under certain specific demands.
From time to time , the expe’-imental design, apparatus, and the data
acquisition fo rma t , etc.  will be varied and suited for different scien-
tific goals.

This processing system was developed using a general modular design ,
in an ticipation of changing research requirements. Modifications to the
experiment design and required data analysis will be made in the enlight—
ment of information obtained from earlier flights. This system was written
with the knowledge that changes will be made, and the modular techniques
chosen makes the system more flexible and amenable to ongoing changes in
research requirements.

— - - — - — - - —- 
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