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SUMMARY

The objective of the program reported here is to assess and
evaluate in terms of nuclear explosion-induced sky backgrounds, optical/
infrared radiation data from DNA-sponsored measurements on the
disturbed auroral ionosphere. Six individual topics, involving obser-
vations of emission near 4.3um and assessments of energy input that
resulted in emissions at 2. 8um and in the spectral band 4-22um, are

considered.

Altitude profiles of radiation density in the 4. 2-4.3um band at low
elevation angles when the ionosphere is bombarded by charged particles,
which are unique to HAES-ICECAP rocket A18,219-1 (1974), are pre-
sented and partially evaluated in Section I. Substantial layering
(altitude irregularity) of the radiant flux in the disturbed region is
observed. Section II reviews potential sources of the largely-unexpected
prompt fluorescence-associated component of the atmosphere's radiation
in this wavelength band, and suggest further field investigations to deter-
mine its origin. The internal consistency of these 4. 3um radiance and

instrument-pointing data is evaluated critically.

Section III assesses the performance of a photometer designed to
measure in the wavelength band over which photographic cameras using
panchromatic film are sensitive. This Film Response Photometer
provides a link between the infrared radiant intensities resulting from
excitation by naturally-occurring energetic charged particles and those
from particles and photons output by nuclear explosions. A similar
evaluation of a dual channel differential photometer intended to measure
column-concentrations of the NO* precursor species NZD is in Section IV.
The former instrument is found to behave about as expected, and the latter

requires modification if it is to perform effectively.

Procedures for determining pointing of the high resolution infrared
(4-22um) spectrometer HIRIS II on rocket IC630.02-1A (01 Apr 76) against
the dynamically-excited auroral ionosphere are presented in Section V.
Section VI, with Appendixes I and II, lists auroral characterization and
aircraft positioning data for the eight ICECAP 1976 missions of NKC-135
A/C 55-3120 in which spatial variations of the upper atmosphere's

radiance at wavelengths near 2. 8um were measured.
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PREFACE

The High Altitude Effects Simulation (HAES) Program sponsored
by the Defense Nuclear Agency since the early 1970 time period,
comprises several groupings of separate, but interrelated technical
activities, e.g., ICECAP (Infrared Chemistry Experiments —
Coordinated Auroral Program). Each of the latter have the common
objective of providing information ascertained as essential for the
development and validation of predictive computer codes designed for
use with high priority DoD radar, communications, and optical

defensive systems.

Since the inception of the HAES Program, significant achieve-
ments and results have been described in reports published by DNA,
participating service laboratories, and supportive organizations. In
order to provide greater visibility for such information and enhance
its timely applications, significant reports published since early
calendar 1974 shall be identified with an assigned HAES serial number
and the appropriate activity acronym (e.g., ICECAP) as part of the
title. A complete and current bibliography of all HAES reports issued
prior to and subsequent to HAES Report No. 1 dated 5 February 1974
entitled, '""Rocket Launch of an SWIR Spectrometer into an Aurora
(ICECAP 72)," AFCRL Environmental Research Paper No. 466, is
maintained and available on request at DASIAC, DoD Nuclear Information
and Analysis Center, 816 State Street, Santa Barbara, California 93102,
Telephone: (805) 965-0551.

This report, which is the final report on Contract DNA001-77-C-
0208 and No. 69 in the HAES series, covers PhotoMetrics' activities
in accessing and evaluating field data on infrared backgrounds in the
period 01 Mar - 15 Oct 1977. It makes frequent reference to procedures
developed for accessing data from sounding rockets and flights of instru-
mented aircraft at high latitudes, preliminary results, and comparison
material on ICECAP investigations other than those reported here,
contained in our previous HAES reports 4, 27, and 59 (Ref's 1, 2, and 3).




In addition it applies information recently derived from simulations of

the effects of nuclear explosions in exciting atmospheric radiations that
was presented at the HAES Infrared Data Review held in Falmouth, MA
13 - 15 Jun 77 (Ref 4). Considered in the report are data from the
following HAES-ICECAP sources -

Multi~instrumented rocket A18.205-1, 27 Mar 73
Multi-instrumented rocket A18.219-1, 25 Feb 74
Multi-instrumented rocket IC519.07-1B, 22 Mar 75

Interferometric spectrometer-carrying rocket
IC630.02-1A(HIRISII), 01 Apr 76

USAF NKC-135A 55-3120 (Air Force Geophysics
Laboratory's IR-Optical Flying Laboratory)
aircraft missions between 22 Feb and 28 Mar 76,
performed under program heading ICECAP 76.

This work was under the direction of I. L. Kofsky, to whom
questions about it should be addressed. D.A. Gentile contributed to
the photoreproduction and artwork, and Mrs. C.A. Rice was respon-
sible for typing the manuscript. Supporting information was provided
by many of the staff of the Air Force Geophysics Laboratory's OPR
branch, in particular J. Kennealy and P. Doyle, and by T.C. Degges
of Visidyne, Inc. Tbhe flight logs in Appendix II were prepared by
J. Reed of Visidyne. The authors gratefully acknowledge the support
and encouragement of A. T. Stair, Jr., and J.C. Ulwick of AFGL
and of C. A. Blank of the Defense Nuclear Agency.
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SECTION I

4.3um RADIATION PROFILES AT LOW ELEVATION ANGLES

INTRODUCTION

This Section presents and provides a preliminary interpretation
of altitude profiles of radiance of the auroral particle-excited iono-
sphere in the 4. 21 - 4.305um full-width-to-half-maximum-response
(FWHM) wavelength band, measured at elevation angles ~ S by
the sidelooking filter radiometer on ICECAP multi-instrumented rocket
A18. 219-1 (launched from Poker Research Range on 25 Feb 74). The
data from this rocket probe constitute the only available coherent set
characterizing the disturbed atmosphere's '"4, 3um' radiance distribu-

tion at these low elevation angles and long radiating path lengths.

Spectral response of the radiometer and the spectrum of the
optically-grey-to-thick (001-000) band of COZ' which dominates the
signal (refer to the discussion in Ref 5), are in Fig 18 of Section II.
The radiometer's field of view is about 6° circular (its angular sensi-
tivity is that plotted in the left-hand diagram of Fig 20 of Ref 3).
Rocket spin rate is 2.0 revolutions/sec. A major adjustment in the :
angles at which the instruments point within the radiating volume is
derived in the following subsections, and other corrections that were
applied to the 4. 3um data are described in the text. The effect of this
change in elevation angles on interpretation of data from the 2,42 - 4.311um

(FWHM) sidelooking radiometer cn the same rocket is briefly noted.

A preliminary review of some of these A18.219-1 data, with one
comparison of altitude profiles measured on upleg and downleg (where
the radiance levels are substantially higher), appears in Ref 3, p 104 £f,
An evaluation of the increases in the sidelooking 4. 3um-band radio-
meter signals closely associated with auroral excitation, which do not

impact significantly the radiance profiles presented in this Section,

is the subject of Section II of this report.
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Figure 1. Elevation-azimuth plot for the side-looking photo-
meters and radiometers after stabilization of

Al18.219-1.
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INSTRUMENT ELEVATION AND AZIMUTH - GENERAL

We establish first the directions in which the set of sidelooking
radiometers and photometers on A18.219-1- was pointing. The
original data on rocket orientation, as noted in our previous report
(Ref 3), were inconsistent with the expected projection on the instru-
ments' fields of view of the auroral arc's known geometry. A 60°
offset in the readings from the rocket's gyro system was tentatively
identified by the rocket housekeeping group, which places geomagnetic
N at 89° on the geographic-azimuth scales (as for example in Fig 34 of
Ref 3). Our preliminary reduction of A18,219-1 data assumed that the
elevation angles reported by the rocket group needed no such correction.
While errors in the instruments' elevation angle have only secondary
effect on our findings about aurora-associated emission near 2.8um
(Sections I and II of Ref 3), accurate pointing is needed to understand
the spatial distribution of excitation of the incoming charged particles,
ranges to and thus altitudes of emitting regions, 2.8um-band back-
grounds at the lower rocket altitudes, and particularly, the dependence
on elevation angle of the disturbed atmosphere's radiance in the 4. 3um-

filter band. (Elevation-azimuthis henceforth abbreviated as ef-az. )

Ef -az data in the aspect report (Ref 6), however, indicate that

any phase shift applied to the azimuth scale must be applied also to

the elevation scale. Specifically, the information on zenith angle of
the rocket's long axis and its azimuth with respect to true N, whose
accuracy is not in question, fixes the azimuths of maximum and
minimum elevation of the sidelooking instruments. As an example,
near 85 km on upleg the tilt of the rocket axis from vertical is 51° at

geographic azimuth 231°, and therefore the instruments (which point

80° from the spinning rocket's axis) will have a minimum e/ of 4%0

where their az is 231°, and a maximum of e? of 15%o near 51° az;

refer to Fig 1. The telemetered el -az data show that both scales must be
shifted together to maintain these minimum and maximum elevations

at the expected azimuth angles. A corrected version of Ref 3's Fig 33




(Fig 1) shows the instruments' pointing after stabilization is achieved,
for the 90° azimuth shift that we determine here. Shifting the el -az
scales together results in an almost complete reversal of the high and

low elevation angles.

CORRECTION OF EL-AZ

We applied three procedures for determining quantitatively the
offset in the elevation-azimuth scales, results from which were in very

good agreement.

Our first efforts were directed toward comparing visible-radiance

distributions resulting from the geometry of the rocket and arc to those

from the 1973 multi rocket probe (A18.205-1). Launch azimuths of the !
two rockets were nearly the same and zenith angles of their long axes

were within 2%0 after stabilization, and an arc lay to the N on upleg of (
each trajectory. Therefore the sidelooking A18.219-1 instruments on i

upleg pointed at the arc at elevation angles not substantially different
from those of A18.205-1 (compare, for example, Fig 1 with Fig 23 of
Ref 2), although since the ranges to the excited air volumes are not the
same the intercept altitudes of the fields of view would be expected to
differ.

In the 1973 measurements the azimuth angles east and west of the
geomagnetic meridian at which the arc limb enhancements maximized
differ from one another by only 10° to 15°(even after the rocket had
penetrated the ard; typical angles were 73°E and 63°w (see Fig 2 of
Ref 3). In the 1974 measurements, on the other hand, this azimuth

difference is ~50° even after a 60° shift was applied to the azimuth
scales (see Fig 34 of Ref 3). That is to say, from Al8. 219-1 the
angular positions of the van Rhijn-like enhancements are offset relative
to magnetic N. The argument that the maxima should be symmetric i
about the meridian does not locate the meridian with good resolution, ]
since the azimuth angles at which the limb brightnesses peak depend on

the arc's E-W alignment and excitation uniformity as well as on
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the elevation angles at which the instruments view the emitting volume.
Considering the apparent E-W uniformity of the arc on rocket upleg,

however, it does indicate that the azimuth must be shifted by more than
60° to make the data consistent with the known viewing geometry. (An

85° shift would restore symmetry to the limb peak azimuths., )

A second, potentially more accurate method of assessing the offset
is to fit the elevation angle dependence of the 4. 3um atmospheric radiance
to that expected from a simplified layer-thickness model, such as we
adopted in evaluating the 1973 multi's 5. 3um radiometer data (Fig 21 of
Ref 3). The rocket spin-correlated cyclical radiance variation observed
at 5.3um (Fig 23 of Ref 3) is a result of a convolution of the radiometer's
(broad) field of view with the altitude profile of earth limb radiance. A
plot of this background intensity against the (path length-proportional)
cosecant of the radiometer axis' elevation angle (Fig 21 Ref 3) showed
thatata fixed rocketaltitude, the 5. 3um signal increases about linearly

with effective path length through the atmosphere.

Although the atmosphere is not optically thin to radiation in the
4.3um band at the lower rocket altitudes and elevation angles, roughly-
similar cyclical background variations correlated with the path lengths
might be expected. (A simple manifestation of this effect is that the
maximum radiance, in the absence of any azimuthal dependences
induced by localized dosing that increases '"anisotropically' the vibra-
tional temperature of the CO2 molecules responsible for most of the
4. 3um radiation, would be located at the minimum elevation angle.)

The ef -az scans from 111 and 1023 km (Fig 2) illustrate such van Rhijn-
like cyclical radiance distributions, with greater fractional modulation
at the higher rocket altitude where fewer of the rotational lines from
distant CO2 molecules in the field of view are reabsorbed. (The ratio
(peak - trough)/(peak + trough) is a factor 2 higher at the higher altitude. )

To implement this approach, we plotted the radiances from ef -az

scans at three rocket altitudes on downleg against the cosecant of the
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radiometer axis' elevation angle, for shifts between 0° and 120° in the
azimuth scale (Fig's 3a-c). The plots fail to close because of the
increase in the atmosphere's radiance over the ~0. 65 km altitude
decrease during the 1/2-sec spin cycle; this increase is 6% near 103 km,
for example. An azimuth shift of 87° + 5° best reproduces the expected
dependence on elevation angle (recall that we have assumed no azimuthal

dependence).

The 4. 3um radiance varies about linearly with atmospheric path
length at the higher instrument elevation angles and rocket altitudes in
Fig 3; conversely, at 103 km the curve '"bows over' as more rotational
lines become optically thick. This behavior is in qualitative agreement

with the known transport of CO2 radiation near 4. 3um in this altitude

range (Ref 5). It is further shown in a summary of plots for rocket
altitudes between 98 and 116 km (Fig 4), which apply an 85o offset in
the azimuth-dependent change in elevation angles. As the altitude of
observation decreases the path length dependence becomes less linear,

and the onset of the ""bow'' moves to higher elevation angles.

A third, and most compelling, piece of evidence about the instru-
ment pointing is provided by a narrow (~5° FWHM) feature which
appears in ef -az scans of both channels of the NZD differential photo-
meter (Section IV) during most of the upleg and downleg segments of
Al8.219-1's trajectory. We have determined that the excess signal,
which is located near 295° azimuth on the uncorrected plots, is caused
by the -1.6 magnitude star Sirius (@ Canus Majoris) passing through
the 5° field of view of the photometer. The general appearance of its
field-convolved angular distribution of radiance is shown in Fig 29 of
Section IV. Both the celestial coordinates of and irradiance from
Sirius verify this identification, as we show from an assessment of the
photometer data from a region of downleg near 190 km rocket altitude,

where the auroral signal is low.

Narrative text continues on page 22.
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An average of ten spins from the wider band channel of the photo-

meter is shown in Fig 5 for (uncorrected) geographic azimuths near

295°. The position of the peak is at 295} + 3°, and its FWHM above a

150 R background is 5° %_-O. Peak intensity produced by the source

is equivalent to 0. 2 kR above the local background.

3a8* 30/ 297 293 pr 235"
UNCORRECTED GEOGRAPHIC AZIMUTH

Figure 5. Radiance distribution in wideband channel of the 5199 & differential
photometer, averaged over 10 spin cycles of A18.219-1 near

;ggokréxszg:itude in the range of (uncorrected) geographic azimuths

The celestial coordinates of Sirius epoch 1974 were:

6 hr 44 min right ascension (as measured from
the equinox eastwards in the plane of the
equator,

-16°40' 46" declination (measured perpendicular
to the equator, positive to the N).

We calculated the hour angle and declination of Sirius relative to the
rocket's position at 190 km downleg (144° longitude, 66° N latitude at
0742:50 UT). These coordinates, converted to geographic azimuth

and elevation angle above local horizontal at the rocket's altitude, are:

204, 9° geographic azimuth, 5. 1° elevation.
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Thus the correction in geographic azimuth is 204. 9°-295.5%=
- 90. 6° from that indicated in the housekeeping data, that is, all
original azimuths are moved eastward by 1/4 revolution. The eleva-
tion at the narrow peak, when both azimuth and elevation scales are
shifted together (as is required on the basis of the rocket-axis aspect
data discussed earlier) is 5. 3° at the corrected azimuth of 205°. This
is in satisfactory agreement with the elevation of Sirius, particularly
when it is considered that the star does not necessarily pass exactly

across a diameter of the radiometer's circular field.

The response of the wider channel of the 5199 & photometer to a
point source producing the spectral irradiance of Sirius results in an
equivalent radiance output of 0.19 kR; compare the approximately
0.2 kR in Fig5, Since the weak air fluorescence-chemiluminescence
averaged over the wider band near 5200 & produces an irradiance at
the photocathode only comparable to that from Sirius, the star is
readily detectable in this photometer's signal. It is also detectable,
with lower signal/background, in the ef-az scans of the narrow-band
channel of the differential photometer. On the other hand no indication
of this feature appears in either the 3914 & or 5577 & photometer data,
since its equivalent radiance at these wavelengths would be only about
0.1 - 0.2 kR; the narrow source would be unresolvable over the typically

10 to 40 kR auroral levels near the same azimuth.

The net result of this investigation is that the first-reported
azimuth and elevation scales must be shifted together by 90° + 1° in
azimuth. Thus we have located geomagnetic N at 119° (90° + 29°) on
the original geographic azimuth scales for assessing the CO2 radiance
data. Since the radiometer/photometer elevations change only slowly
with azimuth (Fig 1), small errors in this azimuth shift have only
second-order effect on calculations of ranges to or altitudes of emitting
regions. For example a 5° error in azimuth at either the maximum
or minimum instrument elevation angles of 15%0 and 4%0 results in an

error of only 0. 1° in elevation; near 135° geographic azimuth, where
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the elevation angle is changing most rapidly, an uncertainty of 5% of
azimuth produces the maximum elevation error of about 0.5°. Thus
the plots in Fig 4 are complementary to the altitude profiles in Fig 6
for the series of azimuths-elevations, in that they represent the
dependence of 4. 3um radiance on elevation angle at a series of altitudes

above the radiance peak.

EFFECT OF THE ELEVATION ANGLE CORRECTION ON
INTERPRETATICN OF 2.8um RADIANCE DISTRIBUTIONS

The large shift in instrument elevation angles makes the data
from the sidelooking 2.8um radiometer self-consistent at downleg
rocket altitudes below 86 km. With the corrected elevations, the
2.42-3.11 FWHM background radiances fit a van Rhijn-like enhance-
ment, contrary to our previous assessment (p 98 of Ref 3). Although
the measured increases are too high to be explained fully by OH
Av =1-band radiation, they could be caused by either leakage of thermal
radiation originating from still lower altitudes — a chronic problem
with the infrared radiometers — or by the earth-limb features observed
from AFGL/DNA's Sept 77 "Spire'' spectrometer-carrying rocket
IC733.03-1 (which included strong emission near 2.4um, Ref 7). Thus
enhanced limb radiation overlying the features associated with auroral
particle-excited air fluorescence, which becomes self-consistent when
the instrument's pointing angles are corrected, provides an attractive
alternative interpretation of the apparent decorrelation of sidelooking
2.8um signal from this fluorescence below 86 km (as shown in Fig 49b
of Ref 3). (Previous assessments have considered the effect to be
caused by a ''cloud'" of engine exhaust coming into the sidelooking instru-
ment fields as the rocket starts to tip over; this putative cloud has
major impact on the interpretation of zenith radiance 'near 2.8um,
p404 of Ref 4.)




RADIATION PROFILES

Altitude profiles of the atmosphere's radiance in the 4. 21 - 4. 305um
wavelength band, plotted at 30° azimuth intervals between 130 and 82 km
on downleg of A18.219-1's trajectory, are in Fig's 6a-£. The pointing
angles, which refer to the radiometer's optic axis, apply the 90° azimuth
shift and accompanying elevation shift derived above. The angular field
of the instrument is shown in Fig 20 of Ref 3, and its spectral sensitivity
in Fig 18 of this report. 4. 3uin-band radiances measured by the
rocket's near vertical-viewing fixed-filter and wavelength-sweeping .
(circular variable filter) radiometers (Ref 4, p427 and Ref 8) are
shown for comparison in Fig 7. We interpret the low elevation-angle

radiance distributions here only to the extent necessary to verify the

accuracy of the data from the side-viewing 4. 3um radiometer.

Above 130 km on downleg the signal lies in what appears to be
instrument noise. Below 85 km the radiometer's elevation angle at a
given azimuth changes rapidly as the rocket's long axis moves through
the vertical and then tilts downward, as shown on p433 and p500 of
Ref 4. On upleg the data exhibit narrow noise spikes of the type in
Fig's 30a and 31a of Ref 3 that disappear by 92 km, after which there
remains some excess radiance at geomagnetic azimuths between 240°
and 30° (that is, in the northwest quadrant from the rocket 300).

Near 110 km this small excess evolves rapidly into an off-scale peak
centered at 285° with skirts of 60° azimuthal extent, of the type in

Fig 27b of Ref 3, evidence of which persists to ~160 km. As the
radiance excess between 92 and 110 km is inconsistent with an increase
from van Rhijn effect, it is probably related to the artifact that produces
the strong signal over sensibly the same azimuth-angle range at higher
altitudes. To provide a partial comparison between upleg and downleg
4. 3um-band profiles, we have plotted the upleg radiances from the
uncontaminated azimuths 120° and 210° in Fig's 6f and i. (A more
informative comparison can be made by applying the other radiance data
from between 30° and 240° azimuth, correcting the 240°~ 30° data set,

and filtering the narrow noise spikes present below 92 km altitude. )

Narrative text continues on page 33,
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Our earlier characterization of the auroral ionosphere for the
25 Feb 1974 flight (Appendix VII of Ref 2, and Section II of Ref 3; refer
in particular to the all-sky views from PKR and FYU, Fig 55 of Ref 3)
shows a complex system of arcs, with particle precipitation both south
and north of the rocket during the downleg data period of Fig 6 (342 -
380 sec). The northward vector component of the rocket's velocity
was about  km/sec, and its trajectory lay very close to the 13°-
inclined geomagnetic field lines. The most intense arc (in the pro-
jection from PKR), whose field lines recrossed the rocket when it was
at 180 km on downleg, had a phase velocity of ~1 km/sec N; when the
rocket was at 100 km (360 sec) the S ""edge' of this brightest auroral
region lay ~75 km N of the radiometer. A second broad arc had in-
tensified further to the N by this time (Fig 42 of Ref 3). The arc to
the S of the rocket was weak along the PKR-FYU meridian and bright
towards the W, as is described in more detail in Section II where the
immediate and earlier dosing of the atmosphere is further reviewed.
A semi-quantitative plot from the meridian scanning photometer (p417
of Ref 4) depicts with moderate resolution the predosing of the air in
the vicinity of the rocket. As both Fig 6f-i and 7 show, the 4.3um
levels near peak radiance are at least a factor 2 higher on downleg than
on upleg (a2 matter discussed in the presentation starting on p 304 of
Ref 4).

The restricted range of altitudes and azimuths in which fluor-
escence-related increases in 4. 3um-band radiance (whose implications
are discussed in Section II) are observed, is indicated in Fig 6.

The data from the sidelooking 4. 3um radiometer otherwise show no
obvious correlation with the instantaneous energy deposition by charged
particles that produce the optical aurora, example profiles of which are
in Fig 8. 4. 3um-band profiles for the lowest, second highest, and one
intermediate elevation angle in Fig 8 indicate that the altitude at which
radiance is a maximum decreases by about 1 km between 15° and 5% e’
in the predosed auroral atmosphere. Over this range of elevation

angles the column concentration of CO2 molecules in the radiometer's
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field of view changes by about a factor 23, applying '"density'' profile
model F in Ref 9. The downleg altitude profiles in Fig 6 and 8 also

show two subsidiary layers at all azimuths-elevations, which are

discussed in the next subsection.

The two data points near 923 km (circled on Fig 6) lie ~23 MR
above the interpolated profiles at all azimuths. The radiance increase
(Fig 9) starts at 371. 88 sec and persists for closely two rocket spin
cycles (1.03 sec) before decreasing to near its previous level over the
same azimuth range as its increase, R (0.015 sec). An increase
of substantially greater absolute magnitude appears simultaneously in
the data from the 2.8um segment of A18.219-1's dual radiometer.
Since similar level shifts are present in the telemetry from both radio-
meters at fixed intervals throughout the flight, we ascribe them to a
calibration signal additively superposed on that produced by the scene
radiances. Specifically, these 1 sec-duration step increases occur
regularly at 34. 3 sec intervals beginning at 97.48 sec, and average
2 MR above the local 4. 3um radiance. (Radiometers and photometers
on earlier multi-ingstrumented rockets were document as fitted with
internal light-emitting diodes which were periodically activated to
provide an inflight measure of relative system responsivity, p 37 of
Ref 10; the excess signals from A18.219-1 are in all probability due to
this source.) Taking into account the height of the step increase in
Fig 9 and the next az-ef scan (Spin 734), we have reduced the 4. 3um
altitude profile readings by 2.2 MR between 371.88 and 372.91 sec
(93 and 92 km in Fig 6).

A18.219-1's 4.3um filter radiometer was a refurbishment of the
5. 3um radiometer recovered from the 1973 multi payload (A18.205-1).
The response characteristic for the latter instrument had a sharp
change in slope near 2.71 telemetry volts (Ref 10). The data printout
lists both received TM voltages and the 4. 3um radiances they are
assigned by computer in the ground-reconstruction process. It shows

that the 1974 version's break point was at 2. 78 TM volts, 5.9 MR,
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above which the slope of the characteristic decreases by a factor 9
(Fig 10). The radiometer's input-output response characteristic -
scene radiance (converted to amplified photocurrent) to this same
TM voltage — appears to lie above that used in the reconstruction
below the break point (at least), as is evidenced by the presence of
sections of radiance lying very close to 5.9 MR. The seven circles
in Fig 10 were located by interpolating in Spin 723 (1003 km) between
radiances transferred above the minimum of the low-sensitivity
segment of the characteristic and those below the maximum of the
high-sensitivity segment, which reproduce as ''flat" over two ~80°-
azimuth ranges. (That is, we faired together 4. 3um radiances
between 4-5 and 6-9 MR regions, whose reproduction is self-consist-

ent; and plotted the interpolated radiances against TM voltage.) The

effect of this imperfection in theinstrument's data transfer characteristicis

to reduce 5-6 MR radiances by ~-§ MR (see Fig 10). Self-consistency

of the reconstructed 4. 3um-band data in other radiance ranges, to which

this interpolation-correction procedure cannot be applied, does not of

course imply that no further systematic error is present.

149pas000q Inans puSeE senus sRoSE STSSY YENTY YEBNAEIRSY 28U A STTA - EDRANY- D BEY) JaNES BRY 4= IUREA SOvREEEBE £l seawaadl FRCL SRND prany 05u Y (SUSY Lo
PR e

Figure 10. Transfer characteristics of A18.219-1's sidelooking
4. 3um radiometer as determined from the data print-
out in the time period 365.4 to 368.5 sec, and inter-
polated from Spin 723 where the radiances lie on both
sides of the break point.
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LAYERING OF THE RADIANCE PROFILES

The altitude profiles indicate layering of the radiation density
both above and below the main peak near 96 km. If these irregularities
are interpreted as enhancements, the upper one maximizes at 109 + 3 km
at all azimuths, and the less well-resolved lower subsidiary peak at
883 + 3 km. This radiance structure is not correlated with prompt air
fluorescence in the radiometer's field of view, as the representative

comparison profiles in Fig 8 show.

Fig 11 is a plot of the upper layer's '""excess' 4. 3um radiances
above a manually interpolated baseline (dashed lines in Fig 6a for
example) as a function of pointing azimuth. The enhancement is
discernible above the small fluctuations in radiance in the altitude
range at least 111 to 106 km at all azimuth angles. It is highest toward
the SW (near 2100) where the elevation angle reaches its minimum and
the interpolated sky radiance is a maximum. In Fig 12 are plotted profiles
of the fractional increase above this interpolated intensity. The variabi-
lity of these fractional changes indicates that they are probably not due to
a slow change in sensitivity of the radiometer system; for example, at the
peak the fraction varies between 0. 35 and 0. 65. In addition the increases
are not consistent with a constant additive signal such as is observed at
92-93 km (starting 371.9 sec, Fig 7).

The layering of radiant flux occurs both in altitude regions at which
the mean free path of the atmosphere for (most) 4. 3um CO2 radiation is
less than a scale height, and where much of this radiation can escape the
atmosphere (above the principal maximum in the radiance profile). The
upper enhancement layer appears at interpolated-profile radiances from
1.5 to 3.0 MR, and peaks at the same altitude for all azimuths within the
resolution of the data. In the lower, optically thick region the peak (again
interpreted as an enhancement) is at an interpolated radiance of 5.2
~0.2 MR, near 881 km rocket altitude at all azimuths-elevations (as

best as can be determined).
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Fi gure. 11.

”Azir"nuth éependence of excess 4. 3um signal above an

interpolated altitude profile between 106 and 111 km

rocket altitude (see text), A18.219-1 downleg.
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The upleg altitude profiles (Fig's 6f,i) give some hint of a high
altitude (~106 km) layering similar to that observed in the downleg pro-
files. Estimated peak excess above an interpolated radiance profile is
0.3 MR above 23 MR, a ratio substantially less than those in the more
heavily predosed air volumes shown in Fig 12. We are at present in-
vestigating the upleg 4. 3um-radiance data at other azimuths for further

evidence of irregularities.

The extent to which this layering of radiation density could be an
effect of error in transfer-telemetry of data from the rocket radiometer
can be in part determined from the characteristics in Fig 10. The warp
in the altitude profiles above the principal peak near 96 km lies at levels
too far below the break point to be ascribed to this source. The lower
layer might be interpreted as a local maximum lying below the break
point, or a minimum above it; see in particular Fig 8. Thus the departure
from smoothness of the profile below 96 km could be caused either by the
aforementioned ~ 3 MR offset in the instrument's transfer characteristic
below 5.9 MR, or by a defect in reproduction of radiances between ~6
and 9 MR.

Profiles to which are applied the interpolation-derived '"correction'
between ~5-6 MR from Fig 10 are included as dotted lines in Fig 8.
Such an adjustment in effect removes the lower layering while deepening
the profile irregularity above the main 4. 3um radiance maximum. The
argument that the lower layer is an artifact is strengthened by the
observation that the inflection in the profile always occurs in the same
radiance range near the break point. However this radiance is in any
case virtually constant with elevation angle near 89 km because the
atmosphere has become optically thick to radiation in the 4. 3um filter
band. (Refer to the plot in Fig 4; the ''spread'" at 88.8 km starting
altitude is caused by the fluorescence-related signal discussed in
Section II.)
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Viewing in the zenith from above the main peak, the irregularity
in radiation flux would have a lower signal/background ratio or "contrast. !
This could explain why it has not been detected in previous rocket
experiments (and why it does not show clearly, if at all, in the data
from the near zenith-viewing filter radiometer and circular variable
filter spectrometer on A18.219-1,Fig 7). We have included for
reference the kinetic temperature profile for the late winter sub-polar
atmosphere (from Table 18a of Ref 11} the vibrational temperature of
the COZ molecules is known to be out of equilibrium with this local
temperature at altitudes where aurora-producing particles deposit
their energy. The upper layering may be an effect of adding two
sources of pumping of the upper state(s) of 4.2 - 4. 3um CO emission,
auroral-collisional (through N* and reabsorption of photons, Ref 5)
and by absorption of pr1nc1pa.11y thermal atmospheric radiation. The
lower amplitude of any irregularity in the more weakly-predosed upleg

region is supportive of this hypothesis.
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SECTION II

CORRELATED 4. 3um FEATURE NEAR GEOMAGNETIC WEST

NEAR-PROMPT 4. 3um EMISSION

Elevation-azimuth scans in the 4. 3um band on downleg of
A18.219-1 show a weak feature at ~290° geographic azimuth that
correlates with a narrow peak seen by the visible aurora-monitoring
3914 & and 5577 & photometers. This largely-unexpected excess
emission, which was given preliminary notice in Ref 3 (p102ff), is

further evaluated and interpreted in this Section.

The feature initially appears on the 4. 3um signal as a small en-
hancement detectable in scans below approximately 102 km rocket
altitude. Figure 13 shows the data from the spin starting at 102 km
from the 4.3um radiometer,along with the radiances measured at 2. 8um,
5577 3, and 3914 &. Figure 14 is a detail of the region near 290°
(260° geomagnetic) at 4. 3um and 3914 3, along with plots of the angular
responses of the two instruments. This feature at 4. 3um is not assoc-

iated with the change in the radiometer's transfer characteristic at
radiant intensities near 5.9 MR (explained in Section I).

Figure 15 compares the 4, 3um radiance distributions at several
downleg altitudes down to 92. 3 km with the 3914 R distributions. The
peak at 4. 3um aligns very closely with that at 3914 . However, the
4.3um peak at the lower altitudes - not discussed in our preliminary

review - has broadened considerably.

CORRELATION WITH ALL-SKY AND MERIDIAN SCANNING
PHOTOMETER DATA

The excess emission appears near 260° geomagnetic azimuth,
or 10° south of geomagnetic west. The strong, narrow enhancement
in the 3914 R data can be explained qualitatively from the all-sky
camera photographs taken from Fort Yukon and Ester Dome (Fig 16
and Ref 3, pl10) in combination with the meridian-plane radiance

distribution measured by the scanning photometer at Poker Flat.
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Detail of region near 260° geomagnetic azimuth for
Spin 721 on downleg of A18.219-1 showing the
correlation between 3914 A and the 4. 3um "bump."

Also shown are the angular response functions of the
two instruments.
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Figure 15. Comparison betgreen 3914 R and 4. 3um radiances for the

region near 260 geomagnetic azimuth at various
altitudes on downleg of A18. 219-1.
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When the rocket was at 100 km altitude (360 sec after launch)
on downleg, it is 40° north of the zenith as viewed from Poker
Flat and about 45° south of the zenith as viewed from Fort Yukon. The
Poker Flat meridian scanning photometer (Fig 16) shows an intense
region with three peaks running from about 45° north of its zenith to
85° north, with the peaks centered at 60°, 700, and 80° north. There
is also a weak arc (as viewed by the MSP) which is centered at 30o
north of the zenith. These features are consistent with the all-sky
views. The position of the rocket is also shown in the all-sky photo-
graph at about 75 km south of the center of the first of three northern
arcs and about 30 km north of the center of the arc to the south of it.
Looking again at Fig 13, when the geomagnetic azimuth of the rocket
photometers is to the north, the photometer elevation is approximately
150, while when it is to the south the elevation is 5°. Projecting the
look angles into the near.vertical planes containing the two arcs under
discussion yields intercepts at 118 km altitude for the first arc to the
north and 102 km altitude in the arc to the south when the rocket is
at 100 km altitude downleg). The projection into the two additional arcs
to the north is at much higher altitudes. This explains why the visible
radiances toward the south appear much more intense than those to
the north in Fig 13, since the intercept of the photometer field on the near-
vertical plane to the north is well above the altitude of peak emission
rates. Similar azimu.thal scans taken at lower altitudes show the
intensity to the north rising rapidly as the photometer intersection
moves closer to the altitude of peak emission, while the intensity to
the south decreases slowly as it moves below the altitude of peak

emission.

The sharp feature at the western edge of the southern scan (260°
geomagnetic) in the 3914 & and 5577 & channels of Fig 13 is explained
primarily by the usual east-west enhancement seen as fields line up with
the direction of the arc to the south. This enhancement is higher to
the west due to the bright region which is observable in the all-sky
photograph (Fig 16) to the southwest,and also because the elevation
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Figure 16.

Fort Yukon all-sky camera photograph at 368 seconds
after launch of A18. 219-1 with the position of the rocket
(@) indicated. Also shown is the Poker Flat meridian
scanning photometer data at 362 seconds, with the rocket
position noted {(scan from Ref 3's Reference 11).
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angle is lower to the west. The general east-west characteristic
enhancement agrees with enhancements seen in earlier flights (Ref 3,

Fig 15) of sidelooking narrow-angle photometers.

CORRELATION WITH 5199 & PHOTOMETER DATA

Fig 17 shows a scan from the wider 5199 R channel takenat 118 km
downleg compared with a scan from the 4. 3um channel taken at 94 km.
It can be seen that the broadened emission feature in the 4. 3um channel
centered around geomagnetic west correlates in angle extremely well
with a broad feature on the 5199 3 channel at the higher altitude. The
3914 & and 5577 & radiances do not demonstrate this broad feature. The
intensity observed in the narrow (10 a )5199 R channel near 118 km is
approximately 0.17 kR above background. Since the 3914 R channel
shows little change over much of the feature at this altitude, we can
assume that the excess above background is primarily due to NZD
emission, as discussed in Section IV, This is consistent with the apparent
higher altitude production of NZD, since 3914 & would be seen to peak
at much lower altitude. Indeed, 3914 R does show a slight indication of
a broad feature in this angular region at the lower altitude, upon which

the, sharp feature is superimposed.

DISCUSSION OF SOURCES OF 4. 3um EMISSIONS

The bulk of the signal observed in the 4. 3um channel is almost
certainly due to radiation by CO2 excited by resonance transfer from
vibrationally excited nitrogen, as discussed in Section I. However,
the enhancement at 260° azimuth above the smoothly varying background
at the higher altitudes (102 km) is quite sharply defined in azimuth,
having an angular spread comparable to the angular response of the
photometer. This would indicate, at least for the region viewed ata
rocket altitude of 102 km, that the reaction causing the observed
radiation must be realtively '"prompt'" in order to maintain its strong

correlation with the 3914 R fluorescence emission.
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The broadened feature at the lower altitudes in the 4. 3um channel
may perhaps be explained as due to rather lengthy predosing by exciting
particles that have the apparent angular extent exhibited by the higher F
altitude NZD as seen in the 5200 & channel. This predosing,perhaps with
some diffusive broadening, would start the reaction chain that leads te the

4.3um emission feature which peaks near 94 km rocket altitude,

There are at least three potential candidate reactions to explain
the prompt sharp 4. 3um feature at the higher altitude. These are (Ref 3)
radiation from excited NO+ , radiation from the excited isotopic molecule
N14N1 5, and direct production of excited CO2 by electrons. Fig 18
illustrates the emission spectra related to these various possible
contributors. The figure also shows the passband of the radiometer. It
can be seen that there is some sensitivity to all three emissions, with
the lowest sensitivity to the equally populated model of NO' and to

the N14N15 (1,0) band radiation.

From Fig 14, the signal seen in the 4. 3um channel at 260° geo-

magnetic west has an excess of approximately 140 kR over the expected
level assuming an effect due to elevation angle only. It is possible to
make some estimates for the efficiency for producing 4. 3um radiation
through each of the three production channels indicated by making

certain simplifying assumptions.

If we assume the prompt feature is due to radiation from NO+,
by referring to Fig 18 we can calculate the detection efficiency by
examining the overlap of the instrument spectral response with the
No*t spectral characteristics. The instrument function overlaps about
407, of the spectral energy of the NO+ emission if the (1, 0) model is
used and only about 15% of the emission if the (v = 0 -10) equal popula-
tion model is used. Applying these factors yields corrected values of
0.35 MR and 0.95 MR respectively for the two models. The intensity
in the 3914 %peak at this time is approximately 70 kR. This yields
approximately 5 photons at 4. 3um per 3914 . photon, assuming the
(1,0) model and approximately 14 photons per 3914 | photon assuming
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the (v = 10) equal population model. This yields effective fluorescent-
chemiluminescent efficiencies of about 0.2% and 0. 5% respectively
(quenching is believed to be a factor at auroral particle-deposition
altitudes), using a ~0.4% 3914 R fluorescent efficiency (SectionV of Ref 3).
If we assume that the observed prompt component is due to radia-
tion in the (1, 0) band of N'*N!°, the convolution of the instrument
response with the vibration-rotation spectrum yields a detection
efficiency of approximately 30%. This, in turn, gives an N14N15
fluorescence(-vibraluminescence or -chemiluminescence) efficiency of
approximately 0.25% for the volume viewed from 102 km rocket altitude
under the auroral dosing conditions of A18.219-1 downleg. (Refer to
pp 105-106 of Ref 3 for futher discussion of the N14Nl'5 molecule's
radiative properties.) We will forego a discussion of a prompt CO2

component because of its uncertain mode of production.

CONCLUSION

The salient points of this discussion of the particle excitation-
correlated 4. 3um features are the indication of a prompt component
in several scans below 102 km and the very distinct correlation of a
broadened feature at lower (94 km) rocket altitude, whose shape and
relationship to 3914 R -fluorescence are shown in Fig 15, witha
similar broad feature in the 5199 & photometer channels at higher
(118 km) rocket altitude. This would appear to couple the N°D pro-
duction with whatever mechanism(s) produce the lower altitude 4. 3um
feature. A more exhaustive assessment of the predosing west of the
radiometer, with improved estimates of the range to the field lines
and thus the altitude above the descending rocket, would better define
the source. of this 4. 3um radiation. The procedure for determining
the spatial distribution of predosing is that described for the HIRIS
spectrometer, in Section V (in addition, altitudes near the meridian

can be determined from spectroscopic ratios, as noted in Section VI).
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Future rocket investigations should include instruments - narrow-
wavelength radiometers and/or spectrometers — to obtain high resolution
spectral information between 4um and 5um in low-elevation angle scans
(refer to Fig 18). Such instruments would in principle reach useful
fluorescence-associated signa.l/CO2 background ratios over broader
azimuth ranges in the auroral particle-excited ionosphere. It would be
cost-effective to point radiometers at several elevation angles from
the same sounding rocket, better to assess the altitude distribution,
and thus the quenching, of this component of the ''4. 3um'' emission.
Because of the apparent connection to [NZD],a 5199 & differential
photometer should be among those aligned with the infrared spectro-
radiometers' field. In addition directly-quantitative all-sky photography

would improve measurment of the off-meridian predosing.
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SECTION III

FILM RESPONSE PHOTOMETER, IC519.07-1B

FUNCTION

A photoelectric photometer designed (by AFGL/OPR staff) to have
wavelength response matching that of calibrated photographic cameras
that recorded the spatial radiance distributions of the persistent sky-
glows excited by the Fishbowl (1962) high-altitude nuclear explosions,
was coaligned with the sidelooking radiometers and photometers on
ICECAP "multi'" rocket IC519.07-1B. The purpose of this film response
photometer (henceforth referred to as FRP) is to link the infrared
emissions from auroral particle-stimulated air measured from the
rocket to this existing body of optical photometry data, so as to allow the
infrared sky backgrounds excited by nuclear particles to be scaled to the
known visible backgrounds. An FRP,viewing in the zenith, will also be
used in the forthcoming HAES-program measurements from an aircraft
of the spatial and spectral distribution of radiation near 2.8pm from
the auroral ionosphere. The purpose of this preliminary review of the
sidelooking FRP data from the rocket flight is to evaluate and verify
the performance of this 'transferring' instrument in terms of the
radiances measured by visible aurora-sensitive photometers that viewed

the same volumes of particle-excited air.

INSTRUMENT CHARACTERISTICS

Fig 19 shows the relative spectral sensitivity of the FRP as
realized and the design-goal characteristic for a combination of film
and lens typical of that used in Fishbowl Project 8A.1 and 8A.2's
cameras. The film is Eastman Kodak Tri-X Pan, and the lens is
representative of the fast, short focus types effective for late-time
photography of afterglows that cover wide angles of sky (for example
the Nikkor 55mm f/1.2 as used with full-frame 35mm format). Since

no correction was attempted for the wavelength dependence of Rayleigh
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and Mie scattering of bomblight by the intervening lower atmosphere,
which is in any case variable with elevation angle and meteorological
conditions, The FRP's results apply best to the photography from
KC-135 aircraft flying at ~35 kft. From this altitude the effects of
outscattering are important only for narrow-angle radiating sources

lying at low elevation angles.

The ordinate in Fig 19 is the relative output current from the
photometer per unit monochromatic scene radiance (in photon units,
for example Rayleighs per R ) at the wavelengths indicated on the
abscissa. This characterization differs somewhat from that applied to
photographic film, whose spectral sensitivity is expressed as the
inverse of the monochromatic fluence that produces a given optical
density after standard development, (erg/cm2 for D = 0.1 above fog, or
for some fixed total density)'l. There are, in addition, further
differences between the response of the logarithmically-integrating

photographic film and that of its simulating photoelectric detector.

ANTICIPATED RESPONSE OF THE FRP

Fig 19 also shows the approximate relative intensities of the
brightest auroral features in the FRP's spectral range, viewing the
excited volume from below. The OI green line is emitted from some-
what higher altitudes, and the strongly-quenched OI red doublet
originates at considerably higher altitude than the N2 and NZ fluorescence
bands; this effect is the basis for assessing the energy distribution of
the incoming charged particles (Ref 12). Very roughly speaking, the
column emission in the photographic-visible excited by auroral
electrons having the typical characteristic energy 2-10 keV is about
half in OI 5577 & chemiluminescence-fluorescence photons and one
quarter in impact-excited N; 3914 R First Negative band photons,
with all the other spectral features contributing the remaining one-
quarter of the quanta over this wavelength range. The 5577 R radiation

lags the instantaneous energy deposition by ~ 1/2 sec, the actual time
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dependence of emission varying in a complex way with altitude and time
integral of ionization rate. In addition there is a weak persistent chemi-
luminescent continuum from the NO + O reaction which results from

predosing rather than the immediate local particle bombardment (SectionIV).

This partial auroral spectrum leads to the expectation that the
FRP's signal when the rocket is below most of the excited region would
by and large follow that from the 5577 A and 3914 & photometers, in
particular under intense auroral bombardment and at low zenith angles
(for which the path length through the continuum-emitting layer is not
excessively long). The correlation with 5577 R emission would be
better at higher rocket altitudes, nd the 6300 - 6364 & doublet provides
an increasingly important contribution at very high rocket altitudes and
large fluxesof soft electrons. We apply this rough model of the FRP's

response to average aurora in our review of its performance.

ROCKET TRAJECTORY AND ORIENTATION

The location of the relatively diffuse auroral emission viewed by
the rocket instruments is shown on the plot of the trajectory of
IC519.07-1B (launched 0748:70, 12 Mar 75), Fig 20. A stable arc
system formed near the PKR zenith before launch, and its central field
line (indicated by + in Fig 20) remained south of the rocket during the
measurement period; see the All-sky camera views in Fig 57 of Ref 3.
The rocket was attitude-stabilized to only a few degrees, as the plot
of the sidelooking instruments' altitude dependence of elevation angle
shows (right side of Fig 22), so that in the magnetic meridian (for
example) elevation varied between -0. 5%nd+3.9° over the flight.
Therefore the altitude at which the fields-of-view of the FRP and its
coaligned photometers and radiometers intercept the excited volume at
a given look azimuth varies cyclically with the rocket's altitude. The
rocket's spin rate was 1.4 rev's/sec, and the plane of its trajectory

lay very close to the geometric meridian.
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Erratic noise of about 100 Hz mean frequency is superposed on
the FRP and 3914 x-photometer data after about 115 km on upleg,

extending to ~140 km on downleg and reappearing sporadically there-

after. This noise hampered this analysis only at low photometer signal ‘

levels, where it precluded determination of zero offsets due todark current.

COMPARISON TO N;

RADIANCE

Fig 21 compares the radiance distributions measured by the FRP

FIRST NEGATIVE (0,0) BAND FLUORESCENT

(high gain telemetry record)and the 39142 sidelooking photometer, over
a 540° azimuth scan at one upleg rocket altitude below most of the
aurorally-excited emission (93.4 km). In this presentation the signals
from the two photometers appear well correlated, with even features
extending only ~10° in azimuth reproduced in both scans; on the other
hand the peak-to-valley ratio of the 3914 | signal is higher, and the
structure in the east limb is somewhat different. The familiar limb
peaks from van Rhijn-type increase of column emission length are
present at elevation angles as low as 3% and as high as 20°, with |
maximum 3914 & brightness above 80 km (the altitude at which the :
rocket becomes near-stabilized) reaching 141 kR (west limb) and 76 kR
(east limb). Altitude profiles of maximum brightness and its azimuth
angle at these peaks are in Fig 22. Both brightness maxima move
toward geomagnetic south as the rocket moves farther north of the
diffuse arc, as was observed from the 1973 multi rocket, which crossed
a stable arc (Fig 3 of Ref 3 ); in contrast the limb peaks of the 1974 i
arc, when it lies N of the multi rocket on upleg, move closer together :
(Fig 37 of Ref 3).

A scatter plot (Fig 23) of peak intensities (all backgrounds
included) indicates high correlation between the N; fluorescence and
FRP-gensitivity spectrum in these arc limbs. An unweighted least

squares fit of all the FRP limb-peak data points to the limb radiances
in the 3914 & band results in a photon ratio FRP/3914 R of 4.4, with an

extrapolated offset of 78 relative units (RU) FRP at zero auroral
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bombardment, or -18 kR 3914 R at 0 RU FRP. (This offset is a quanti-
tative expression of the peak-to-valley ratio difference noted in the
previous paragraph.) Taking the FRP's bandwidth as 1500 h:{ (see Fig 19);
the mean continuum nightglow intensity as 1 Rayleigh/% over its sensi-
tivity range (which is conservative for high latitudes, where [NO] can

be enhanced); and a mean van Rhijn gain factor of 6 for the elevation
angles at which the data are taken, we find that the continuum makes a
contribution of 9 kR-equivalent to this latter offset. While this figure

does not quantitatively explain the zero-offset, it does suggest that the

airglow continuum is at least partially responsible for it.

Since the data taken when the rocket was below 100 km altitude
(which correspond to higher intercept altitude on the arc) constitute
the majority of the readings and lie at generally higher radiances, they
dominate placement of the least-squares fit line. We therefore also
treat separately the higher-altitude data (not underlined in Fig 23), since
1) the relative contribution to the FRP signal from 5577 a photons
decreases more steeply below 100 km (Ref 12) and 2) the contribution
from the nightglow continuum should decrease very rapidly above 100 km.
For these data points the slope is 5.0 (RU/kR 3914 &) and the FRP = 0

intercept ~11 kR. This higher slope is expected on the basis of the
+
2
The smaller intercept value is at least in part due to the great reduction

decreasing relative excitation of N fluorescence previously noted.

in NO + O continuum radiance when the sensor is above 100 km.

Fig 24 is a scatter plot of FRP-3914 R intensities over three
complete 360° spin cycles, at the representative rocket altitudes 97,
110, and 139 km. Samples were taken at 10° azimuth intervals, and
where the data were noisy they were averaged over about 5° in azimuth.
The unweighted least squares fit of FRP to 3914 & radiance more closely
approaches the origin than the fits in Fig's 23 and 26, the offset being
-5 kR taking all data points. The slope using all data points is 5. 2, signi- j
ficantly higher than that derived from all the isolated auroral limb radi-

ances (seethe comparison line on Fig 24). As expected this slope is
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markedly higher when the rocket isat139km. Furthermore the intercept
drops to < -2 kR 3914 3., which is large in comparisontowhat would be
expected from any OI red-line (metastable) emission remaining in the
instrument field. At the lowest fluorescent intensities measurable (@t
very high rocket altitudes) above the aforementioned noise, ~2 kR, the
FRP signal is too erratic to establish the contribution of its phototube's

dark current to these offsets.

EFFECT OF OI GREEN LINE EMISSION

To assess the relative contribution tothe FRP signal from 5577 )4
and 3914 & auroral photons, we compiled altitude profiles of FRP/3914 8
and 5577 /3914 R ratios (Fig 25) and a scatter plot of 5577 & - 3914 &
radiances (Fig 26), for the arc limb maxima. (The data are the peak
readings, unadjusted for 'background" below the isolated maximum orfor
offsets of the type in Fig's 23 and 24). The 5577 /3914 & ratio, as
viewed by the rocket's sidelooking photometers (see our earlier
comments on their actual elevation angles andarc-intercept altitudes),
remains sensibly constant at 1.3 up to ~105 km where it begins to
increase slowly. The slope of the least-squares fit of 5577 R to 3914 &
radiance is somewhat less (1.22, Fig 26) because the 5577 2 signal is
zero-shifted upward about 83 kilorayleighs. The radiance ratio FRP/
3914 R, however,shows a greater relative increase with rocket altitude
(compare the 3 x 5577 R/3914 xprofile drawn in Fig 25), which starts
at 95 km. This larger relative increase is expected because the N;
fluorescent intensity maintains a contribution to the numerator of the
FRP/3914 & ratio.

If the FRP's response depended only on the OI green line and N;

First Negative system, its output signal would be proportional to

1(5577)S(5577) + 1(3914)S(3914) + [(4278)S(4278) + I’(FN)S(FN),
where the I's represent the relative photon intensities of the features
and the S's the sensitivity of the FRP at the indicated wavelengths. The
last term in the expression above makes a small additive correction for
the bands of the First Negative system other than (0, 0) with head at
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3914 R and the 0.34-as-intense (0,1) at 4278 R, in which are emitted
~1/6 as many photons as at 3914 2. Applying the spectral response
in Fig 19, this expression becomes

A

-5 1(5577) + 0.9 I(3914)= Z,

where A is the measured altitude~-dependent ratio 1(5577)/I(3914) (or as
we have been labeling it 5577 R7/3914 R) plotted in the center of Fig 25.
The ratio FRP/Z, at the right of Fig 25, shows a slow increase with
altitude. This observation indicates that aurora-associated emitters
whose intensities are not proportional to the FRP sensitivity-weighted
sum of OI 5577 & and N; First Negative band, are contributing
relatively more photons to the film response photometer as the altitude
of energy deposition increases (or alternatively, less with decreasing
deposition altitude). Presumably these sources include metastable

radiating species, less quenched at the higher altitudes.

SUMMARY, APPLICATION TO USE OF THE FRP ON AIRCRAFT

The ratio FRP/ZinFig 25 gives an indication of the departure
of the FRP's response to actual auroral emission from its calculated
response to high altitude air's two major visible features, for the
viewing geometry of arc limbs. Fig's 23 and 24 show experimentally
significant differences between the quantity that panchromatic film

with fast wide angle lenses measures at different excitation altitudes,

3

2

First Negative Band radiance that is conventionally taken as proportional

when this quantity is referenced to the electron impact-excited N

to the column rate of production of ions by energetic charged particles.
Refer to Section V of Ref 3 for a review of the altitude dependence of
this proportionality.) The offset of the FRP signals at low and high
altitudes can at least in part be attributed to types of 'predosing."

No substantive evidence of nonlinearity of the FRP's response with
auroral "intensity' at a given altitude — due to changes in volume rate
of energy deposition, length of column viewed, or both - is resolvable

in the sidelooking photometry data that we analyzed.
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Since these results were derived from an isolated (albeit diffuse)
auroral arc viewed at low elevation angles (< 20°) from near coaltitude,
they refer, in effect, to altitude profiles of the FRP's intensity response
relative to the radiance of ''standard' auroral features. To assess the
FRP's performance when it views aurora in the zenith from below the
excited volume, as from the aircraft, the rocket data presented here
should be weighted by the altitude profile of energy deposition by the
incoming charged particles. The usual concentration of this excitation
in a height range of < 25 km in the intense aurora most useful for
measuring infrared emissions would have the effect of damping the
altitude dependences that we observe from the multi rocket. (In
addition the contribution of the continuum is small for zenith views.)
That is to say, the aircraft FRP's signal from the aurora-excited
vertical column would be expected to follow the 5577 & and 3914 &
photometer signals even more clos"‘ely than is indicated in the data in
this Section. The FRP's response for the aircraft's viewing geometry

could of course be more accurately determined by measurements on

aurora from a ground station.
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SECTION IV

NZD DIFFERENTIAL PHOTOMETER, Al8. 219-1

FUNCTION

ICECAP 1974's multi-instrumented rocket (Sections I and II; Ref 3,
Section II) carried a differential photometer whose performance in isolating
the NZD-4S forbidden doublet 5198.7-5200.5 & from nearby and overlying
fluorescent and chemiluminescent radiations is evaluated in this Section.
The radiance in this weak auroral-airglow feature measures the column
concentration of atoms in the long-lived metastable upper(zD) state, which,
since they react relatively rapidly with ambient OZ' are considered to be
the major precursor of 2.8um overtone emission from vibrationally-
excited NO molecules. A sidelooking filter radiometer boresighted with

the cdifferential photometer measured this infrared emission, as reported
in Section II of Ref 3.

Earlier measurements from multi rockets rmade by single
narrow wavelength-band photometers (Ref 1, Section I; Ref 3,Section I)
indicated concentrations of NzD in arcs below ~ 115 km at least an
order of magnitude higher than those determined from the ground and
aircraft with tilting filter photometers (Ref 1, Section V; Ref's 13, 14).
The latter results are consistent with the NZD state's known short
lifetime against collisional deactivation at these altitudes. We inter-
preted the high readings from the rocket photometers as due principally
to leakage to the photocathode of radiation at wavelengths just below
the principal passband of the interference filter incident at angles
greater than the Z%o half-angular field (Ref 1, Appendix XV). The con-
clusion that auroral fluorescence overlapping 5199 R is not the major
source of the large excess signals is supported by ICECAP meridian
scans (Ref 1, Section V) from the ground with a well-baffled tilting
filter photometer having a passband only ~25% narrower thanthat of the
fixed-filter rocket instrument. The auroral background when the

groundbased photometer's sensitivity maximum was located at 5204 2,

71




where the N;

only slightly higher than at 5185 X, where auroral fluorescence is very

First Negative (0, 3) band contributes some signal, was

weak (more on this point presently).

The differential photometer design is intended to subtract out
the in-band contamination by determining its relative intensity over a
narrow and a wider wavelength interval. The instrument would
compensate adequately for the contribution of photons to the signals
arriving from off-axis angles if the out-of-band responses of each ofits
channels were proportional to their respective bandwidths for all
spatial distributions of auroral radiance. (Each channel has the
same optical system as the photometer illustrated in Appendix XV
of Ref 1; the off-axis transmission is not calculable a priori, and in
any case the spurious photocurrents would be expected to depend on
the specific spatial distribution.) To evaluate the performance of
the differential photometer when viewing aurora at low elevation
angles, we have made this preliminary review of the NZD intensity
data from the instrument coaligned with the other sidelooking photo-

meters and radiometers on sounding rocket A18.219-1.

SPECTRAL SENSITIVITY OF THE PHOTOMETER AND DISTRIBUTION
OF THE SOURCE

Fig 27 shows the transmission of the differential photometer's
narrow-band (10 & FWHM) and wider-band (261 & FWHM) interference
filters, measured at normal incidence; the relative intensity in the
N2D-%5 forbidden doublet (corrected from Fig 17 of Ref 1); and the
relative spectral intensity in the N; (0, 3) band at 300 K rotational
temperature convolved with a 1 ) triangular scanning slit (also from
Ref 1). This temperature implies a mean emission altitude at
1163 km (CIRA 72 model atmosphere), which is representative of
IBC-II auroral conditions; in any case, the intensity distribution in the
lines of the R branch overlapping the filter passbands does not change
rapidly enough with ambient temperature to impact detectably this
present evaluation. (For peak energy deposition at 1163 km, the
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characteristic energy of '"Maxwellian''-distributed incoming electrons
would be 3.0 keV, Ref 12.) The response of each channel to mono-
chromatic radiation at normal incidence is directly proportional to

the filter transmissions in Fig 27, as sensitivity of the channels' RCA
4516's cathode decreases only by about 0. 1%/R between 5180 & and
5230 & . Since the photometer's illumination cone angles are finite

(5o full), the two wavelengths at which transmission is a maximum each
shift about -1 & , but there is no significant broadening of the res ponse
characteristics shown in Fig 27 (refer to the discussion in Section IV
and Appendix XV of Ref 1).

Other air fluorescence features, along with chemiluminescence
in the airglow continuum originating between ~90 - 100 km, also con-
tribute to the photocurrents. Nominal vertical column intensities
of the molecular bands lying within + 100 R of 5199 R are listed in
Table 1, and Fig 28 (from Ref 15) shows a synthetic spectrum of
this wavelength region with about the same resolution as that of the
narrow-band channel of the differential photometer. In addition
chemiluminescence adds about 2 R/2 in this interval, viewing in the
zenith from below ~90 km altitude (compare Section III; Ref 15
reports substantially greater apparent continuum intensity viewing
at 16°-47° elevation, which may be caused by stray light in the spectro-

meter).

Auroral fluorescence is weak on the immediate short-wavelength
side of the response bands. On the long-wavelength side is the afore-
mentioned (0, 3) band of the N; First Negative System, whose photon
intensity is 1/72 that of the (0,0) band (Ref 16); and the multiheaded
Av = 2 electronic bands of the O; First Negative System, whose relative
intensities are subject to the uncertainties shown in Table 1.

Auroral spectra on which the synthetic spectrum in Fig 28 is based

(Ref 17) indicate that this sequence makes only a small contribution

in the wider channel, and a negligible contribution in the narrow
channel (note that the spectral intensity near 5200 R in Fig 28 has




Table 1. Air Fluorescence Bands Near 5199 R*

Band Nominal
Spectral Head Shaded IBCIII
Feature to R
N, V-K (4,17) 5090 Red 230" "
Ny IN (1, 4) 5150 Blue 280
N; (M) (7, 1) 5174 Red 80
N, 2P (2,9) 5179 Blue 30
N; IN (0, 3) 5228. 3 Blue 780
N, V-K (5, 18) 5226 Red 170"
o’; IN (7, 5) 5234 Blue' <100, 400*t
o:;_ IN (6,4) 5241 Blue' <100, 200%"
o’; IN (5,3) 5251 Blue' <100, 600*"
0} IN (4,2) 5259 Blue " 200,<200""
o; IN (3, 1) 5275 Blue' 1400, 700"
o; IN (2,0) 5296 Bluet 1800, 700*+
N, 2P (1,8) 5309 Blue 30

-, .- o .- —----

*
From Ref's 15 and 17 except as indicated, V-K=Vegard-Kaplan band;
IN = First Negative; M=Meinel; 1P, 2P= First, Second Positive.
Refer to text for estimate of continuum-chemiluminescence intensity.
:'”':Column intensity viewing in the zenith when N+ IN (0,0)=% kR; only
approximately represents sidelooking column %adiance.

“**Quenched at altitudes below ~120 km, therefore contributes relatively
less to photometer signal.

*Complex (and diffuse), heads extend ~40 & to blue from first head listed.
++Laboratory value from Ref 18, see text. The high values for the (3, 1)

and (2,0) transitions in Ref 15 may include the (4, 2), (5, 3), (6,4), and
(7, 5) transitions incompletely resolved in the auroral spectra.
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been increased by convolution with the scanning slit). The laboratory

data on 02 bombarded by kilovolt electrons (Ref 18), on the other hand,

+
2

which would result in a greater contribution of this sequence to the

show more O Av = 2 band emission toward shorter wavelengths,

photocurrents.

PROCEDURE FOR EVALUATION OF FLIGHT DATA

The relationship of the readings from the two channels to in-
stantaneous auroral column intensity measured by a boresighted 3914 R-
photometer is indicated qualitatively in the upleg azimuth-elevation
scans in Fig's 29a and b. An isolated, narrow arc with peak 5577 ]
radiance ~ 175 kR as viewed from PKR is ~50 km N of the rocket
during this data period; refer to Ref 3's All-Sky images (Fig 55) and
plot of trajectory and latitudinal extent of the arc (Fig 32). The ordinate
scale in the near-meridian altitude profiles (Fig 30) is the rocket's .,
altitude, which is about 11 km below the intercept of its photometers'
fields of view on the isolated arc form. The elevation-azimuth scan
when the rocket is at 85 km (Fig 29a) includes the airglow chemi-
luminescence (with a van Rhijn factor that varies between 4 and 10),
little of which is expected to be present in the scan from 100 km
altitude. Fig's 29and 30 show that the wider-band channel's signals
correlate more closely with the fluorescence directly excited by the
aurora-producing particles,as would be expected from their lower

content of NZD-4S radiation.

We selected for this assessment four representative viewing
geometries, pointing toward and away from the arc - geomagnetic
N and S - from rocket altitudes above and below the main airglow-
chemiluminescence layer — 85 km and 100 km. The radiance data
points, which are averages over ~10° in azimuth averaged from two
successive spin cycles, are listed in Table 2. No correction for the
'""background' levels has been attempted, as these should in principle

drop out of the subtracted data, and in any case the baseline radiances
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from the narrow-band channel have been manually

smoothed in transferring them to these plots. The
arrow points to the feature identified in Section I as
due to the star Sirius in the instrument's field of view.
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are expected to be a real physical effect of buildup of [NZD] in the
auroral ionosphere (Ref 13). We make the assumption that each
channel's calibration in terms of NzD-4S radiant intensity, in which
units the data have been presented by the photometer group, refers to
its response to a doublet (only) whose lines have the 1.53:1 ratio and
location on the sensitivity band shown in Fig 27. (The aforementioned
shift in effective filter transmission, while introducing quantitatively
substantial changes in the narrow channel's signal levels, was found

in auxiliary calculations not to change qualitatively the conclusions of

this evaluation.)

The radiation flux reaching each photocathode may thus be related
to its datum point by the equation

(Transmission to NZD-4S) X (Actual NZD-4S radiant intensity) +

T (Transmission to background feature) X (Radiant intensity of
background feature)

= (Transmission to NZD-4S)><(Radiant intensity datum).

The background flux is the sum of products of spectral intensity of
fluorescence bands (and continuum) and filter transmission. Applying
the filter curves in Fig 27, we find that the weighted transmissions to
the doublet are 0.39 and 0. 75, and the area integrals (transmission
summed over wavelength) are 4.8 A and 20.3 2;, respectively for

the narrow-band and wider-band channels of the differential photo-

meter.

The two auroral "NZD" data points in a row of Table 2 in two
2. 4
D-'S

radiant intensity and the intensity of one background contaminant

linear equations of the above form allow for solution for the N

feature. Intensities of other auroral features can be ratioed to this
latter number (we shall provide examples presently). Successful
application of this concept requires, of course, that the folding of
background spectral intensity into the response characteristics has
been performed correctly, and that off-band-off-axis leakage is either
negligible or relatable to the area integrals for all scene brightness

distributions.
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EVALUATION FOR SYNTHETIC-SPECTRUM MODELS

The first-approximation fit to the data (Calculation A) assumes
that the wavelength-averaged background intensity is the same in the
sensitivity bands of both channels. This is the reduction procedure
usually applied to data from co-located wide- and narrow-band filter
photometer pairs, particularly when little a priori information is
available about the spectrum of the background radiation. The spectral
radiance need not be uniform, or even have constant slope across the
passbands; it need only have a shape that contributes photocurrents
proportional to the area integrals of the filters.

+
2
and airglow continuum (refer to Fig's 27 and 28) might appear to meet

A spectrum dominated by N, First Negative (0, 3) band radiation
this condition reasonably well. The two simultaneous equations then

become

0. 39 NZD + 4.8r =0.39n

0.75 NZD 4+ 20.3r= 0. 75w,

where n and w refer to the input data in Table 2, r is the mean back-
ground spectral intensity extending across both sensitivity bands (units
are Rayleighs /R), and N°D the corrected radiant intensity of the doublet.
Solutions of these equations, listed in the second and third columns of
Table 3, are clearly inconsistent, as they result in physically-
unrealizable negative NZD-4S intensities (and excessively high mean
backgrounds 5185-5215 R). Thus this zeroth-order calculation fails

to subtract out the fluorescent-chemiluminescent auroral background

contaminating the signal from metastable NZD atom radiation.

The next logical step is to improve the background model by
putting in the response of each channel to the expected spectrum of
radiation from charged particle-excited air. As a second approximation,
we add in the contribution of the (0, 3) band of the N+

2
system and calculate the further quasi-continuum background radiance

First Negative

that (we assume) contributes photocurrents proportional to the area
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integrals. We took the intensity of the (0, 3) band as 1/72 that of the
(0, 2) band, and folded its rotational spectrum from Ref 1 line-by-line
into the transmission characteristic of each filter. The two equations

for this Calculation B are then

0.39 N%D + 0. 044 N‘;/7z + 4,87 = 0.3

0.75 N%D + 0.253 NZ/?Z + 20, 3¢ = 0. 75w,

where N; is the measured (0, 0) band intensity, listed in Table 2.
(Shifting the filter bandpasses 1 R to shorter wavelengths gives effective
(0, 3)-band transmissions of 0.038 and 0. 23 respectively, as compared
to 0.044 and 0. 253 without such a shift.) This approach to a model
spectrum also failed to produce realistic doublet intensities, as the

solutions listed in Table 3 show.

Results of three further attempts to fit the differential photometer
data are also shown in T2ble 3 . The background spectrum for
Calculation C was taken as a continuum having zenith intensity 2r/&
at 85 km and 0 R/& at 100 km, plus the N; First Negative (0, 3) band
whose intensity is one of the unknowns. The ratio of the inferred (0, 3)
band intensity to the measured (0,0) is the principal test of performance
of this fitting procedure. Calculation D is a refinement of C, with the
contribution of the Av = 2 sequence of the O; First Negative system
added as a fixed fraction of that from the N; (0, 3) band. Following
Ref 15, we took the intensity of the sequence as 4 x that of the latter
band, and estimated that the wider filter and narrow filter transmit
respectively 3% and 0% of its spectrum; refer to the synthetic spectrum

in Fig 28. The simultaneous equations for Calculation D are

0.39 N%D + 0. 044 N;’ $+2v 4.8 :=0.39

n

0.75 N2D + 0. 373 N“;_' + 2v 20.3 = 0, 75w

’
where N; is the (0, 3) band's intensity (one of the unknowns) and v an

effective van Rhijn factor viewing through the airglow layer (v =




——

OO

5% - 63 for the 85 km data, and is taken as zero at 100 km rocket
altitude). For Calculation C, the equations are the same except that
0.373 (=0.253 + 4 x 0.03) is replaced by the wider-band channel's
relative sensitivity to the (0, 3) band only, 0.253.

%p

Calculation C results in too much N; (0, 3) band radiation and N
radiance levels comparable, with one exception, to those typically
measured in aurora (see the arc measurements in Section V of Ref 1,
and Ref 13). Calculation D results in better fits to the expected

(0, 3):(0,0) band ratio 1:72, but with excessive levels of doublet intensity.

Calculation E uses only the data from the narrow-band channel,
correcting them for the contribution from the N; (0, 3) band whose
intensity is ratioed from the measured (0,0) band plus 2 R/& of con-

tinuum (at 85 km rocket altitude only):
0.39 N%D + 0.044 N; /72 + 2v 4.8 = 0. 39n.

The results (last column of Table 3 ), though also indicating somewhat
too high doublet intensities, do show the expected higher NZD concen-
trations in the arc. Intensities decrease with photometer intercept
altitude in the arc and increase with altitude in the south. Note that
even when the continuum is omitted — for the data at 100 km - the NZL'

radiances for the conditions of Calculation E remain high.

CONCLUSIONS

These reductions of the data from the sidelooking differential
photometer on Al8.219-1, which apply various plausible model spectral
distributions for the auroral background, have failed to provide credible
values for the intensities of radiation in the NZD-4S doublet toward and

away from an auroral arc.

The very poor results with Calculation A are most likely due to
its inappropriately simple background spectrum. The inconsistencies
from Calculations B-E - too much N+ -band and/or NZD-4S intensity -

2
appear to stem from the excessively high signals in the narrow-wave-
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length band channel, These photocurrents may result from inadequate
baffling of the photometer's optical system against radiation from off-

axis angles, as discussed earlier.

Since the spectral intensity of particle-excited air at auroral
altitudes is both uncertain and decreasing sharply with decreasing wave-
length near 5200 x, the background is better referenced with narrow
sensitivity-band channels than with a single broad channel. A second
~T3 ) photometer centered at 5205 R would most likely provide adequately
quantitative NZD-4S radiance data, for example (refer to the discussion
on p128 of Ref 1). In contrast to the zenith view from aircraft (Sec-
tion VI ), the near-sidelooking view from sounding rockets results in a
high contribution from the airglow continuum; - a layer with zenith
spectral radiance 2 R/& viewed with the typical van Rhijn path-length
enhancement of 5 would produce 2 x 5 x 8 R280R of spurious signal,
which is comparable to the expected radiance levels in the doublet.

Therefore even if the air fluorescence in molecular bands can be com-
+
2
First Negative system's intensity, a reference photometer is needed in

pensated by an improved synthetic spectrum and monitoring of the N

coordinated experiments from multi-instrumented rockets to measure

accurately the column-concentrations of NZD precursor atoms.
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SECTION V

HIRIS VIEWING GEOMETRY

AURORAL CONDITIONS, POINTING REQUIREMENT

A Sergeant rocket carrying the helium cooled high resolution
(2 cm-l) interferometric spectrometer payload HIRIS II (IC630.02-1A)
was launched at 0805:20 UT 01Apr76 from Poker Research Range, AK
to measure 4-22um infrared emissions resulting from excitation of the
upper atmosphere by energetic charged particles (Ref 19). Gronnd
based observations (Ref's 19, 20) showed that there had been substantial
predosing, a Class III+ breakup just before launch, and a weakening and
southward movement of the visible aurora starting about one minute
after launch. Large spatial/temporal variations in bombardment
intensity were observed near the trajectory, with the rocket penetrating

Class II diffuse regions on both upleg and downleg.

All-sky views of the spatial distribution of excitation as viewed
from Poker Flat and Fort Yukon, along with projections (ef and az
from these stations) of both the rocket and intercept of the magnetic
field line through it with a plane at 100 km altitude, are in Fig 58 of
Ref 3. Ref 20 contains further all-sky images, meridian photometer
scans (records from both stations in four emission features are
available), and other geophysical data characterizing the auroral
ionosphere and lower atmosphere before and during flight. Ref 21
gives in addition electron density contours, energy spectra of the
precipitating particles, and other ionosphere parameters derivable
from incoherent-backscatter data taken by the DNA 617 (Chatanika)
radar.

Vertical attitude stabilization was not achieved due to a mal-
furiction of the rocket's control system that caused its long axis to
pitch at 10 degrees/sec. Thus the spectrometer scanned periodically

across the earth's limb and surface as well as through auroral particle-
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excited air. This section outlines the procedure for establishing

pointing of the tumbling instrument's field of view (taken from the
aspect and trajectory data, Ref 22) against the dynamically-changing,
three-dimensional aurora (whose surface radiance distribution is
determined from meridian scanning photometer and all sky camera

data records).

ROCKET POINTING GEOMETRY

A projection into the meridian plane of the rocket's trajectory,
whose plane lay 8°E of geomagnetic N, is in Fig 31. During the time
that the instrument door was open (88 km on upleg to 62 km on downleg)
the rocket rotated six times about a horizontal axis, with a period of
closely 343 sec.  The period about a vertical axis was about % sec
longer, which results in a slow N = E directed (clockwise as viewed
from above the rocket) precession of the azimuth angle at which the
spectrometer's optic axis reaches each elevation angle. Specifically,
the rate of precession around the vertical direction averages ~+0.0139
sec, or 360° in 73 hr, so that this azimuth angle increases by ~0. 46°
per rotation of the rocket about a horizontal axis (+ 0.25° in the six

rotations, as indicated by the entries in the last column of Table 4).

The inset in Fig 31 illustrates the spectrometer's elevation and
azimuth pointing angles in 1 km altitude intervals for the first such
(complete) rotation in the data period (altitudes 96 to 116 km). Fig 32
is a parallel, vertical projection of the rocket's long axis onto a hori-
zontal plane for this rotation, without considering its 14 km north-
ward movement or 20 km rise. The lengths of the lines in Fig 32 are
proportional to the apparent length of the rocket to an overhead
observer traveling parallel to the rocket's ballistic trajectory at a
distance large compared to the rocket's full length. In the rocket's
translational frame of reference, its nose - that is, the spectrometer -
is describing a cone of full angle ~165° whose axis points at an

average elevation of + ~9° and azimuth ~130° during the six rotation
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Figure 32. Projection of IC630.02-1A's long axis onto a hor1zontal \"
96 to 116 km. When the

plane for Rotation 1,
elevation angle is positive the spectrometer is pointing

into the upper hemisphere. The rocket's position at
106 sec (*) keys to Fig 34,
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED oDDC ____—

Table 4. Times/Altitudes of Zero, Maximum, and Minimum
Elevation Pointing Angle of IC630.02-1A

Rotation Time Rocxet Instrument Instruaeat
(sec after Altitude Zlevation Aziauta
launch) (km) (degrees) (zeoumaznetic)
I 1 100.9 9643 0.0 56,9
1095 10262 86.2 304.0
11842 107.7 0.0 209,1
12646 112,2 ~74.9 129,06
2 135.5 116,72 0.0 I3
152.0 121.9 0.0 210.4
J6E L L2545 =75.0 1255
3 170.0 124.9 0.0 37.8
1779 125.3 84.0 520 )
187.1 125.0 0.0 214 40
19303 12401 —77-5 129-
4 2J4..':‘ 122.4 0.0 3803
212.4 P02 84.4 308.3
o . 11649 0.0 el 35
223.6 113.% -77.5 15042
5 £359,1 108, 5 0.0 3847
245,9 103.5 89540 028
256.1 97.6 0,0 214.8
264.2 91.4 ~77.1 L2owl
6 4 e TR 33«7 0.0 39.2
23044 77.2 35.0 30844
2389.6 07+9 0.0 22249
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cycles. To an observer looking W, asfor Fig 31, the rocket appears
to be rotating counterclockwise. The ''plane' of this rotation - actually
the pointing is * 8° out of plane - is "crabbing, " lying some 30°

from the 8°E plane of the trajectory (refer to Fig 32).

The spectrometer completes one spectral scan (compiles a
double-sided interferogram) in 1.36 sec. Thus over each 34% sec
rocket rotation it obtains approximately 12 spectra in both the upper
and lower hemispheres plus 2 spectra whilecrossing the earth's limb.
Altitudes and times when the indicated maximum, minimum, and zero
elevation angles are reached in the sixrotations are in Table 4., Near
zero elevation angle, when the instrument is viewing aurorally excited
air side-on from co-altitude — that is, when the van Rhijn gain is high -
its angular sweep rates are + 10, 75° ef /sec and - 2. Paz/sec (upswing),
and - 10.37° ef/sec and-1.9° az/sec (downswing). Fig 33 is a detailed
altitude profile of the HIRIS spectrometer axis' elevation and azimuth

pointing over the data-taking period.

As an example (from Rotation 1), when the rocket was at 96.3 km
the instrument's elevation angle is 0° at azimuth 37° (E of local
magnetic N). At 102.2 km the rocket's axis was nearly vertical (at

x 3.8° zenith angle), so that the recorded spectrum represents in effect
integrated column emissions overhead from that altitude. Earth limb

;’ and van Rhijn effect-enhanced data are again obtained from near

| 107.7 km (118. 2 sec), at azimuths centeredat 20 Minimum eleva -

tion (- 74.9°) is reached at 112.2 km 8.4 sec later,at 1295° az. The

azimuths at which the elevation is 0° increase slowly, as noted pre-

viously, in each rotation; the spectrometer points northeast on the
upswing, and southwest - back, toward the intense aurora to the S —
on downswing.

AURORAL-EXCITATION INTERCEPTS

Meridian photometer scans output quantitative records of visible-

auroral emission rates summed over columns extending from the ground

92




AD=A055 ga4

UNCLASSIFIED

PHOTOMETRICS INC LEXINGTON MASS F/6 4/1

ASSESSMENT AND EVALUATION OF SIMULATION DATA.(U)

NOV 77 I L KOFSKY: D P VILLANUCCI» G DAVIDSON DNAOO1=-77=C=0208
PHM=01=78 : DNA=4303F NL




-+ DOOR
CLOSES

J20° ¢ - e S P o pye P

I» - .—..—‘H-_“' ..... . . o e - - .
,«:—m ei—a Ln ~T ElevATION
Jipn ol . ; o--0 - AT Az imuri
% Gy O
T 630.02-14 . LocAL
: et MAG N
g LOWER . . .'HF‘ 'f‘ll . PE. !
— HEMISPHERE — = NEMISPHERE —.
EC - R AN w 8o
A2 180 120 w (6] K™ 29 180

Figure 33. Altitude profiles of elevation and azimuth angles of
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instrument into a restricted spatial region (with accuracy limitations
set by scattering of auroral radiation by the lower atmosphere, reviewed
in Section V of Ref 3). The photometric information contained in all-
sky images from the same station can be calibrated from these narrow
line scans to provide two-dimensional radiance distributions, such as
are illustrated by the equi-brightness contour plots in Fig 30 of Ref 1
and p 344 of Ref 4. A 3-D volume emission rate distribution can be
semiquantitatively reconstructed from photographic projections to
spatially-separated PKR and FYU, applying the principles and particle-
flux models outlined (and referenced) in Section II of Ref 1. The un-
certainties in this potentially non-unique reconstruction process are

the limiting factor, in that they are greater than those in converting
optical densities on reproductions of all-sky film to scene brightnesses
and the residual error after outscattering-buildup has been considered.
(Vignetting by the wide-angle camera lens is time-stationary and thus
can be readily corrected, processing of the film can be expected to be
reasonably uniform, and procedures are available for correcting for
atmospheric scattering to < 30% within ~ 60° of the zenith. )

These "unfold" principles can be applied to assess the instanta-
neous emission in the column of the instrument's field of view during
specific spectrum scans. With more laborious but still straightforward
computations the predosing can also be determined. (The three-
dimensional column emission rate data do not lend themselves readily
to display, as is evidenced by the attempts in Appendix XVIII of Ref 1,
p XVIII-28 in particular.) Some rocket locations-aspects with
various physical phenomena in the field - auroral activity, little (as
in Fig 34) or no prompt excitation present, and radiations from the
lower hemisphere with and without aurora included - are listed in
Table 5.

Intensity of the bright moving arc system to the S remained at
100-150 kR 5577R& during most of the flight. When the rocket was

near 108 km on upleg (119 sec, in Rotation 1), the west limb of this
region, narrow at that time, passed through the instrument's field of

9%
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view (second entry column in Table 5). The spectrometer's elevation
angle was -110, az was 2070, so that it was intercepting the excited
volume ~45 km S near 100 km altitude. Earlier in the spin cycle when
the rocket was at 100 km altitude (seventh entry column, and Fig 34),
little excitation lay in the field at 33%0 zenith angle. In later rotations,
the northward movement of the rocket plus southward movement of the
excitation results in much less favorable viewing of this intensely-
radiating, broadened region; the relative increase in separation causes
the spectrometer to point generally below the energy deposition altitudes

when its field is directed into the southern sector.

At higher rocket altitudes the spectrometer viewed mostly diffuse
(20-45 kR zenith radiance) aurora. Near apogee for example a broad
~20 kR region lay (principally) below the rocket; at 161 sec when the
tumbling payload was pointing at -75° et (third entry column) it views
this region and the earth's atmosphere-surface. Approximately 9 sec
later (fourth column) elevation had increased to -5 at a NE azimuth,
placing a distant (~100 km range) 45 kR arc in the field. On downleg,
the rocket penetrated a region that had been predosed by Class II+ -III
(~50-100 kR) aurora in the period ~5-15 minutes previous. When it
reached 80 km, the instantaneous auroral intensity in its zenith was
about 20 kR.

As noted above, meridian photometer and all-sky camera data
are available for assessing semiquantitatively the prompt and past
auroral-particle dosing in the spectrometer's field at these and other

rocket aspects/trajectory positions.
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SECTION VI

AURORAL INTENSITIES, ICECAP 76 AIRCRAFT PROGRAM

INTRODUCTION
AFGL's IR-Optical Flying Laboratory (USAF NKC-135A S/N

55-3120)performed a series of measurements of the short-wavelength
infrared emissions from auroral particle-excited air during the period
22 Feb - 28 Mar 1976, under the program heading ICECAP 76. The
principal function of the flight missions is to investigate spatial struc-
ture of, and processes leading to, radiation near 2.8pm by the upper
atmosphere. The Operating Plan for the flight series is Appendix I
of Ref 3 , Table I-1 of which lists the characteristics of the radiometers.

interferometric spectrometers, photometers, and all-sky camera carried by

the aircraft. Other background material on the eight night flights in the
auroral zone and the similar set of missions oo nducted under ICECAP 75

is referenced in Table 6.

This section reports the auroral radiances measured in the moving
aircraft's zenith by five channels of the narrow-filter photometer of
aircraft system E-05, which is coaligned with the infrared radiometers.
Characteristics of this sequentially-sampling, thermoelectrically-

cooled instrument are in Table I-2 of Ref 3.

DATA,APPLICATION

The air fluorescence-chemiluminescence features reported, and

their principal functions in the aircraft program,are

4278 & N; First Negative (0, 1) band (7.7, 2.4 R):
monitor of column rate of production of ions
by incoming charged particles (refer to
discussion of the ratio of column intensity to

ionization rate in Section V of Ref 3);
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Table 6. Reports on ICECAP Aircraft Measurements

1975 Missions

- Instruments, flight paths, data
periods, coordination with
PKR facilities

Results from Flight 75-4 (10 Mar 75)

- Preliminary assessment
- Final evaluation

1976 Missions

- Operating Plan

- Instruments, data periods,
coordination with DNA 617 radar

- Data from Flight 76-9 (07 Mar 76),
2.8um synthetic spectra &
passbands

- 12-channel photometer data,
flight paths

Synthetic Spectra for
NO + OH + thermal radiation,
atmosphere transmission

Optical Method for determining
auroral altitudes
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5577 % oI 's

- 1DZ forbidden line (7.9, 3.4 2):

second indicator of auroral intensity, with

0

application to energy deposition altitudes;

6300 & o1 'D,, - *P, forbidden line (9.2, 5.5 &):
indicator, when taken with N;
of altitude of peak energy deposition (refer to

Appendix II of Ref 3);

fluorescence,

5198.7 - 5200.5 & NI 2D - %5 forbidden doublet
(8.5, 4.5 h: ): precursor of NO*, measure

of buildup of [NO] in the auroral ionosphere;

Continuum near 5312 2 (10.0, 7.1 R): measure of

buildup of [NO] in the auroral ionosphere, and of

continuum sky brightness at twilight.
The numbers in parentheses are the full-widths-to-half-maximum-
response and area integrals of the individual channel. The absolute
calibration procedure includes convolution of the emission feature's spectral
shape with that of the sensitivity band as corrected for radiation filling the
photometer's 2° full field of view; refer to Ref 23, Some contribution to
the signals in the last two channels from air fluorescence is expected on
the basis of experience from auroral flights of this photometer in 1968-72.
The data from the NZD channel, whose sensitivity is shown in Fig 27, are
reasonably accurate, as evidenced by the fact that they follow closely the
Ol red line radiances as expected. The correction for the contribution of
the N;
Section IV, is 3R/kR 4278 R band (viewing in the zenith the continuum of
Fig 28, if it is indeed a real effect, is not expected to introduce much

First Negative (0, 3) band, applying the procedure described in

further error).

The photometer's 12-position filter wheel makes one complete
revolution in 24 sec. During this time the aircraft's forward speed
advances the fields-of-view, as projected on the typical energy
deposition altitude of 100 km, by ~ 13 fields. Data from the two
additional channels that monitor N; fluorescence and one sensitive to
the 6300 & line would lower the time resolution for these emission

features to 8 or 12 sec respectively. Records are also available
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of zenith intensity of the 3466 ] NZP - 4S forbidden line, and from the
relatively fluorescence-free channel at 5525 -\ (9.0, 4.6 R). The latter
data can be applied to extend measurement of 5577 R aurora -airglow
into twilight, and/or measure brightness of the twilight sky (for other
than ICECAP auroral missions, as listed in Table 6 of Ref 3 ).

The forty plots of zenith-sky radiance in the above features - five
for each of the seven cross-auroral arc or parallel-arc flights ICECAP
76-3,4,5,6,9,10, and 16, plus the Eielson AFB—> Pease AFB ferry
flight 76-17, — are in Appendix I. Appendix II is a listing for each of
the seventeen 1976 missions of the aircraft's position and heading,
altitude, air and ground speed, and outside air temperature, along with
the sun's azimuth and elevation angles from the earth's surface below
its flight path (prepared by J. Reed, Ref 24). Data periods and other

particulars of these missions are in Table 6 of Ref 3,

REDUCTION PROCEDURE

Typical output from the sequentially-sampling photometer is shown
in Fig 76 of Ref 3. To access these interlaced channel data, the
signal voltages above dark-current level are manually measured from
the strip charts and entered by teletype into AFGL's central computer.
Also entered is the control information flight number and date, mission
type, channel (identified by wavelength) and its calibration factor, and
amplifier gain setting. The program that creates the data file is written
so that only those values of gain and output voltage that have changed
from the previous entry need be entered for each successive data point.
An existing PhotoMetrics program then computes and plots the auroral
brightnesses in formats such as in Appendix I. The abscissa (time)
scale can be readily adjusted for convenient qualitative comparison to
similarly-plotted zenith radiance data from the aircraft's infrared
radiometers (whose format is shown in Ref's 2 and 4 ). The visible
radiance data are also stored on punched cards to allow ready access
for reprinting or further reduction, for example correction of the

continuum or NZD channels for their air fluorescence components.
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Figure 36, Scatter plot of N+ First Negative fluorescence
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A major such application of these radiances is to computing an
altitude profile of volume ionization rate by the primary precipitating
electrons, using photon intensity ratios in auroral-emission features
(see Appendix II of Ref 3). An example of 6300 /4278 & column ratios
from the 1976 data files is shown in Fig 35. A program is being written
to calculate directly the altitude of peak energy deposition from this
ratio and the N; fluorescence intensity (on which it has a weak depend-
ence), and from similar 5577 R -4278 & auroral radiances.

Fig 36is a cross-plot of the N; First Negative Band air fluor-

escence data from the System E-05 photometer and a second coaligned
photometer (Ref 4 ) in flight ICECAP 76-9. Agreement between the
radiances measured by the two instruments is reasonably satisfactory

(slope 1.00 is expected).
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APPENDIX I

AURORAL RADIANCES, ICECAP 76
AIRCRAFT MISSIONS

(Refer to Section VI. The mission
numbers, at the top of each plot,
are identified with flight data and
DNA 617 radar coordination in
Table 8 of Ref 3.)
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APPENDIX II

POSITION AND HEADING OF ICECAP 76 AIRCRAFT
(Refer to Section VI. The flight

numbers are identified with
mission type in Table 6 of Ref 3.)
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Defense Documentation Center \
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