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L. INTRODUCTION

Thies research program was initiated in 1967, under Contract
NASW-1474 with two scientific objectives. Firstly, it was desired to
conduct a simple and inexpensive flight demonstration of two instruments,
developed at this laboratory, for the detection of fluxes of energetic
(1-10 kév) neutral hydrogen atoms postulated to exist in the interplane-
tary medium. Secondly, it was desired that these measurements would pro-
vide not just an instrumental test, but significant scientific information.
Because an auroral experiment admirably satisfied both objectives, these
neutral hydrogen detectors were incorporated into a comprehensive Nike-
tomahawk rocket payload. The first rocket, NASA 18:33CE was successfully
launched into a post breakup aurora from Ft. Churchill, Manitoba, Canada
on 25 April 1968. The results have been reported by Bernstein et al.

[1969a] and Wax and Bernstein [1970].

+

Because the data from this firet flight had only been cursorily
analyzed at the time the work supported under the present contract, NASW-
1819,was proposed, it was planﬁed that the payload for this £light would
consist of the instrument spares from the first flight. However, further

analysis of the data indicated several significant results including:

1. The data indicated a non-Poisson distribution in the time of

arrival of hydrogen atoms at the detector.

2. The lateral spatial extent of the hydrogen forms was much leas
than calculated by Davideon {1965] for the sltitude range at

which the chservations were made.



3. Measurements of the dispersion in arrival times of hydrogen
atoms of different energies at the detector indiecated that
particle sccelerstion or precipitation control processas

écted at distances‘<1000 km from the rocket.

4. The hydrogen precipitation showed a non-isotropic pitch angle

distribution.

Because of the basic significance of these observations, it was
deéidedvto COnstrth a new payload with improved data handling capability
and greater coverage of partiéle precipitation»including pitch angle mea-
surements. This payload was successfully launched into an auroral breakup
17 April 1969 and yielded significant evidence for the presence of milli;

second fluctuations in precipitated hydrogen and electron fluxes.

Because precipitating 1-10 kev protons will have already achileved

or nearly achieved an equilibrium distfibution in the various charge states

(H+, Ho, H ) at Tomahawk apogee altitudes, it is necessary to pérform aimul—l
taneoué measurements of the H+ and H° fluxes‘at higher altitudes in order to
determine which is the primary species. Consequently, ﬁwo,bsmall.ﬂo - H+
energy spectfometera were bullt for flight on two Javelin rcékets assigned
to the University of California at Berkeley. These flights were originally
scheduled for early 1969; but because of a variety of problems, the f£lights
did not occur until 13 Feb. 1970 and 3 April 1970 fr;m Ft. Churchill, Un-

fortunately, the present analysis of the data indicates that neither instru-

ment performed satisfactorily during these flights.



II. INSTRUMENTATION, RESULTS, AND DISCUSSION

A. Tomahawk Flight

1. Instrumentation

The particle detectors included (1) an energy independent detec-
tor [Wax and Bernstein, 1967] for the total energetic hydrogen (H° + H+ +
H) flux, (2) an energy spectrometer [Bernstein et al., 1969b] for ener-
getic H° atoms, (3) an energy spectrometer for energetic protons, (4) an
energy spectrometer for energetic electrons, (5) a fixed energy detector
for protons parallel to the spin axis, and (6) a fixed energy detector for
protons perpendicular to thé spin axis. The important characteristics of
these instruments, together with their‘typical observed counting rates are
shown in Table I. All the energy spectrometers were basically of thg swept
single channel variety. The‘sweep'rateAwas 100 Hz, and permitted the de-
termination of an énergy spectrum eﬁgrf 10 msec éuring éeriods of high count
rates. Scaling circuits, rather than the capacltor storage used in the

previous flight, were employed for ali detectors.

fhe neutral hydrogen and proton spectrometers were combined into a
single instrument. The neutral channel consisted of a collimétor, a set
of deflection plates to remove ineldent charged particles with energy <10
kev, a 2 ugm cm-2 carbon foll in which a fraction of the incident neutral
beam was stripped and a channeltron detector mounted 180° from the entrance
aperture. The proton channel consisted of a collimator only and a channel=

tron detector mounted 180° from the entrance aperture. The angular separa-



tion between the two channels was “60°. Laboratory calibrations showed
that cross talk, defined as the ratio of the detected counts in the un-
irradiated channel to those in the irradiated channel, was always <1033;

this was considered acceptable for these experiments.

The proton detectoré could not distinguish between protons and
acceleréted ambient ions. However, the efficiencies of botﬁ the ﬁo
spectrometer and the total H detector decreased rapidly with increasing
atomic number of the incident particle because of increased scattering in
the carbon foil. These detectors therefore provided a significant dis-

crimination between precipitated hydrogen and accelerated ambient particles.

In addition to the particle experiments, the payload contalned an
ac and dc electric,field experiment, a two axis aspect mégnetomgter, an’
HB photometer, and a sensitive boom mounted 2 axis flux gété magnetometer
for the measurement of local ionospheric curfenﬁ.aystems agsoclated with
the aurora. The last two experiments were supplied under support by the
TRW Independent Research and Development Program.' The data from these
two experiments will not be discussed further since the photometef experi-

ment was apparently unsuccessful and the analysis of the magnetometer ex-

periment data has not been completed.

The ac and de eléctric'field experiment was approximately identical
to that flown on the first Tomahawk flight and was deécribed in detail in
the final Report for Contract NASW-1474 [1968] and by Bermstein et al.
[1969c]. The significant modifications included a new boom deéign, and

the modification of the de channel response to provide a linear rather



than logarithmic output range. The aspect magnetometer was identical
to that flown on the first rocket; a complete description is also found

in the Final Report for Contract NASW-1474 [1968].

2, Flight Conditions and Experimental Results

The rocket was launched 17 April 1969 at 0057530 local time
(0657:30 UT) from Ft. Churchill. Beginning about sunset, there was some
indication of auroral activity. At ~0500 UI, there was observable activ-
ity to the south appearing as arcs. At 0600 UT, there was major activity
on the southern horizon; breakup activity was apparently present there.
Subsequently, there was a period of very diffuse patchy type aurora which
began to show actively near the zenith. At launch, the patches had formed
into a corona display. There was a magnetic bay and a brightening of the
aurora. Several minutes after completioﬂ of the flight, an extremely bright
(the estimated intensity of 5577A was 50-100 KR) and narrow arc developed
in the zenith with a nearly north-south alignment. This arc appeared
homogeneous. Then the arc dimmed and activity diminished. During the
bright arc, there was still evidence of the original coronal display which

had shifted to the north.

The launch occurred some three minutes after the magnetic field
had reached its maximum depression of 150 gamma. The peak 5577A observed
from the ground was &14 KR. At times during the flight, the 6300A inten-
sity was comparable to that of 5577A; it reached a maximum intensity of 6.3

KR. There was <1 db 30 MHz riometer absorption in the breakup event. A



PCA event occurred some five and one half days before this £light, a
second event may have possibly occurred four days prior to the flight.

On the day of the flight, there was only a very sliéht indication of the
PCA and it is felt that the data reported below were not influenced by any

solar cosmic rays.

Both the total precipitated hydrogen and electron fluxes, based
on five second averages of the counts, ranged from lO8 - 109 cm_z sec_l
str—l. The energy spectra, shown in Figure 1, fitted well to a power law,
E ", representation with n = 3.5 + 0.4 for hydrogen and n = 1.2 + 0.6 for
electrons, where the + indicates temporal variations not the experimental
error. A well defined peak was not observed in the electron spectrum.
The flux and energy spectrum of the total precipitated hydrogen derived
from both the neutral and proton spectrometers are in good agreement, after
the raw counting data are corrected by (1) the appropriate efficiency and

geometrical factors (Table 1) and (2) the extrapolated hydrogen equilibrium

fractions in molecular nitorgen given by Bernstein et al. [196%9a].

Figure 2 shows a two second period of data from the two fixed
energy proton detectors and two energy channels of the electron spectrometer.
The rocket altitude was approximately 160 km at this time. In thié graph,
the proton fluxes have not been corrected to the top of the atmosphere.
Readily apparent are several abrupt increases of about a factor of 2-4
in the proton count rate associated with larger decreases in the detected
electron rate. At approximately the same times, all the electron channels

showed abrupt decreases, and all channels of the proton spectrometer and the




total hydrogen detector showed increases. Because of the very low count-
ing rate of the u° spectrometer, an identification of an impulsively in-
creased counting rate is less certain. There did ndﬁ appear to be any
significant change in the energy spectrum of either electrons or hydrogen
during the presence of these impulsive events, although there may be a
slight tendency in 5 sec average spectra for the neutral and electron
spectra to soften during burst periods while the proton spectra remain

fixed.

In all the impulsive enhancements we have studied the electron
fluxes have decreased. However, it should be noted that because of satura-
tion effects at high count rates in channeltron detectors, an increase in
incident flux can result in an observed decreased counting rate. Since the
average electron counting rates were generally high, it was thus possible that
the observed electron decreases were actually large electron enhancements. In

~either case, the impulsive character of these events remains valid.

Figure 3 shows one proton burst on an expanded time scale. 1In
general, the characteristice of such proton bursts are (1) the time re-
quired to obtain the maximum proton count rate was <4 msec, (2) the pro=
ton decay time was usually somewhat longer (v30 msec) but sometimes was |
as long as several tenths of a second, (3) the proton energy spectrum re-
mains nearly unchanged during the burst. Because each electron energy
channel was sampled only once every 10 msec, it is more difficult to
accurately determine the time required for the electron decrease, but the
time appears to be <10 msec. The electron recovery time was usually some-

what longer than the typical 30 msec proton decay time.



We have carefully considered the possibility that the described
phenomena could be the result of payload malfunction rather than events
which can be attributed te the aurora. At present, we have concluded
that these events were not spurious because vehicle generated noise could

not account for the following observations:

1. Although the count rates in the various hydrogen detectors
varied over 3 orders of magnitude, the burst enhancemenﬁs for
each of these instruments represented the same relative in-
crease in each detector's count rate. Secondly, the total
hydrogen fluxes derived from the proton and from both neutral
detectors were in agreement despite the large variations in

efficiencies and geometrical factors.

.

2. The fixed energy ﬁroton detector pointed radially to the
vehicle spin axis showed the expected large modulation in
count rate at the spin frequency. A much émaller spin modu-
lation was seen on the hydrogén detectors pafallel to the
spin axié: This latter modulation can be cégse& by a slight

. misalignment betﬁeen the detector and the angular ﬁamentum
vector of fﬁevvehicle and is indicative of a non-~ilsotropic

pitch angle distribution.

3. Occasionally there was no correlation between bursts observed
with the radial proton detector and the forward looking instru-

ments.



7.

The high voltage monitor showed no important varlation dur-

ing the reported observations.

The energy spectrum of neither the protons nor the electrons

changed appreciably during the bursts.

The bursts were characterized by an increase in hydrogen
flux associated with an apparent decrease in electron flux.
Spurious noise counts would always result in increased count

rates.

An abrupt change in the composition of the energetic particle
flux incident on the antenna elements of the E field experi-

ment would result in the observed saturated signals.

It is possible to estimate the extent of the spatial region in

which the enhanced hydrogen fluxes were generated by considering the tem-

poral behavior of the various proton detectors.

1.

The observed maximum delay of V0.l sec between the axial 5
kev fixed proton detector and the 0.28 kev channel of the
proton spectrometer indicates & maximum generatlon distance

of ~30 km,

Because of its 20% FWHM resolution, the fixed 5 kev proton
detectors responded to particles-of engrgy'betweén 4.5 = 5.5
kev. The observed enhancement rise time of V4 msec thus im=

plies & generation distance of <40 km,
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It should be noted that most hydrogen particles have cycled between the

neutral and charged state within a few kilometers of the rocket.

The two identical energy (5 kev) fixed proton detectors, one
viewing parallel to the rocket spin axis (axial), the other viewing per-
pendicular to the spin axis (radial) provide our information about the
proton pitch angle distribution. The counting rates observed with the
radial detector were always a factor of 2 to 4 greater than those observed
with the axial detector indicating a larger flux at angles near 90° to the
field line. These observations are consistent with those described by
Chase [1970). The small spin modulation observed with the axial detector
is attributed to a slight misalignment of the instrument collimator with
respect to the spin axis, and, as has been noted this modulation is also

indicative of a non-isotropic pitch angle distribution.

As the vehicle spun, the radiai proton detector measufed the
pitch angle distribution of protons about the 90° point. As the vehicle
précessed, the pitch angle range explored by this detector changed from
a minimum range of 85 - 95° up to a maximum range of 75 - 105°. In our
analysis of the pitch angle data, care was taken to select portlons of
the record in which the described burst activity was not present. At
the higher altitudes (&3200‘km) the flux observed by the :adial detector
from the downward hemisphere was comparable to or gieater than that from

the upper hemisphere. At lower altitudes the downward flux was dominant.
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A most interesting feature of the data was the pronounced pitch
angle asymmetry observed during some spin cycles. This is clearly shown
in Figure 4 which shows the change in this eastmwest’asymmetry during
several successive spin cycles., The limitations inherent in a 2 axis
aspect magnetometer prevent an identification of east and west for this
rocket because it was launched nearly parallel to the field lines. An
analysis of those cycles in which this asymmetry is evident, shows that
the fluxes from one direction were usually larger. Variations in the
angular distribution of protons were very evident on successive cycles.
The slow spin rate of 0,7 sec"l limits the temporal resolution with

which rapid fluctuations of pitch angle characteristics can be studied.

In general, the burst repetition rate appeared ﬁo range between
0.25 and 2 sec—l at -lower altitudes; above 200 km, the repetition rate
increased to 3 - 4 sec_l. In Figure 5, the times of occurrence (and
. therefore the altitude) versus the angl;; of the éadial detector with
respect to the field lines aré plotted. The altitude dependence of the
recurrence rate is clearly seen. There is no oblvous dependence of burst
occurrence on the up=-down orientation of the detegtore This result ap-
pears to be consistent with our prior conclusion that the regilon of ac-
celeration or precipitation control is located in close proximity to the
rocket. On the other hana, a statistical analysis shows that the burst
occurred with a definite east-west preference. Even though we are un-
able to determine whether the preference was from the weet or the east,
we do know that the bursts occurred preferentially from the same direc-

tion from which the larger fluxee in the pitch angle asymmetry arrived.
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The data from the ac electric field experiment showed the same
large amplitude signals recurring at the spin frequency seen on the
April 25, 1968 flight. Our previous interpretation of these signals
was that they were indicative of a vehicle interaction with the environ-
ment and that they were not characteristic of naturally occurring fluc-
tuating electric fields. Hence we have not devoted a significant effort
to the interpretation of results from this experiment. One very inter-
esting result, however, is that each detected particle burst event is
always aécompanied by the large amplitude ac experiment signal; the con-
verse correlation is not valid. We assume that this large ac signal is
caused by amplifier overload produced by a transient imbalance in the
potential of the antenna elements. Such a transient ﬁoteﬁtial imbalaﬂce
could easily be caused by the described impulsive change in the energetic

particle precipitation associated with the burst events.

The response of the de channel to a steaay‘state electric field
and the induced v x B/c electric field should be & sine wave at the spin
frequency. The launch azimuth was ~v140°; thus the v x B/c field should
have been ~10 millivolts m_l. This expected sinusoidal signal was ob-
served throughout the first flight [Bermstein et al., 1969&];’ However,
there was no evidence whatsoever for such a signal on the present flight.
Consequently we conclude that this channel did not operate eatiafactorily
probably because of a malfunction in the deployment of the antenna ele-

ments.

The results of ocur two flights into auroral breakup events, car=
ried out on 25 April 1968 and 17 April 1969, have shown striking consis-

tency and are summarized below:



1. Large (109 em
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2 sec"l), low energy (1 kev) hydrogen fluxes

were precipitated during the breakup and post breakup phase.
The energy precipitation in the hydrogen component was com-

parable to that in the electrons.

The measured ratio, H+/H°, was consistent with that expected

when charge exchange and stripping equilibrium is attained.

The data from the first flight were indicative of non-Poisson
distribution in the times of arrival of hydrogen atoms at the
detectors. Because the second flight employed fixed energy
analyzers, which operated continuously, the burst nature of
the hydrogen precipitation was clearly seen in the second
flight. These hydrogen enhanpgments were assoclated with
equally abrupt decreases in ;he precipitated electroms.

These proton bursts appeared to occur with equal probability
from above and below the rocket location, but had an east-

west preferentlal direction of occurrence.

The spatial extents of the hydrogen forms were much less than
predicted by Davidson [1965] for the altitudes aﬁ which the
observations were made desplte the fact that the proton pitch
angle distriﬁutibn was peaked near 90°. This pitch angle dis-
tribution was not always symmetrical about 90°, but at times

showed a pronounced east-west asymmetry.
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5. Measurement of the dispersion in arrival‘times of different'
energy hydrogen atoms or protons can yield valuable informa=-
tion on either acceleration or precipitétion processes if it
is assumed that particles of all energies are acted upon in
the same fashion. The data from the first flight indicated-
that these processes were active within é distange of <1606 k@'
from the rocket. Because of the much better instrumentation
on the second flight, this maximum distance from the rbckep
was found to -be jﬁQ km. The burst acceleration or preéipita4

tion processes therefore were low altitude phenomena. '

6. Observations indicated that botﬁ the electron ana’protoﬁ enérgyl
spectra remain relatively uﬁchanged from the "éteady‘gtate"
gqndition during periods of burst activity. Because of ﬁhe.
‘observed power law &ependence of both energy spectra, ghe
unchanged character oﬁ the ;nergy spéctrum was not consistent -
‘with the idea of acceleration By a local unidirectional elec~-
tric field.. Similar acceleration By a unidirectiénal'electrﬁc
field should result in a larger enhanceﬁen; factor than decre-

" ment factor-because of the power law characteg of the energy

spectra;Athe inverse was observed.

3. Discussian of Results from the Tomahawk Flight

The idea that particle acceleration or preclpitation contrdl occurs
at altitudes less than a few thousand kilometers is not new. Evans [1967],

and Mozer and Bruston [1966] and Albert [1969] have reached this conclusion
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based upon observed electron velocity dispersions and proton and electron
pitch angle distributions respectively. In fact, only one study, based
upon observed electron velocity dispersions, has placed the location of
this region at large distances, possibly the equator [Bryant et al., 1969].

Because of our greater temporal resolution which arose primarily because
of our measurements on the lower velocity protons and hydrogen, we have
been able to place the location of a region of acceleration or control,

in the lower ionosphere.

Evans [1967] has proposed that a beam~plasma instability produced
by the interaction of the relatively monoenergetic component of the pre-
cipitated electrons with the ilonosphere could explain his observations.
As a result of this instabllity, some fraction of thé precipitated‘elec—
trons or ionospheric electrons are accelerated to substantially higher
energies. The observed periodic behavior in these highe; energy elecﬁrons
is attributed to the marginal stabilit§~of the plasma configuration and
the recurrent quenching of the instability. Evans has not performed‘aﬁy
measurements of proton preclipiltation during such periods of activity.
Clearly from our observationms, the required process 1s not limited to
electrons alone, but must also severely modify the precipitaﬁédlhﬁdrogen
energy and flux distributions. Also, there is no evidence whatsoever for
a gignificant monoenergetic precipitated electron component at any time
during the second flight, and therefore the occurrence of a beam-plasma
instability seems unlikely. For these reasons, we do not belleve that
the mechanism proposed by Evans is applicable to the present experimentél

results,
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Mozer and also Albert have invoked the existence of a steady
state electric field parallel to the geomagnetic fleld to explain their
pltch angle observations. The most recent thearetiéal treatment for the
generation of such an electric field is by Kennel and Kindel [1970].
They suggest that bécause of an initial preponderance of electron precip—-
itation, a charge separation electric field i1s created along the lines of
force in the upper ionosphere. Because of this field, return currents
will flow upward from the 100 km region in order to cancel the charge im-
balance. They calculate that this return current flow will become unstable
at altitudes above 1000 km based on typical electron precipitated fluxes,
and ionospheric electron temperatures and densities. The resultant wave-
particle interactions will inhibit the required current f£low and therefore
result in an anomalous or collisionless resistivity. Because of this re-
sistivity a steady state electric fieldréén be maintained parallel to B
in the essentially collisionless upper Jdonosphere. This analysis does not
appear to be applicable to the present data for several reasons: (1) The
experimental results are inconsistent with the existence of a unidirectional
electric field. (2) Their present instability criteria place the region
of anomalous resistivity at altitudes above 1000 km which is[inconsistent
with the observed placement of the region of acceieration or precipitation
control at much lower altituges. (3) Their theory does not predict or
consider the observed transient or burst nature of the precipitation. (4)
It is difficult to understand how anomalous resistivity can lead to the
very localized observed reglon of precipitation of control, (5) Their

proposed electric field could lead to a "runaway" acceleration of some
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fraction of the higher atomic number ion constituents of the lonosphere;
there have been no observations of the occurrence of such a runaway ac~
cleration. (6) The initial condition of excess electron flux at the

1000 km level is probably not met.

It should be noted that a significant separation of cha:ge can be
produced in the altitude range 100-300 km for equal fluxes of hydrogen
and electrons in the 1=-10 kev energy range 1f it is assumed that all the
precipitated hydrogen was in the proton state at the top of the atmosphere.
The incident proton flux will be 90%Z neutralized between 200 and 300 km by
charge exchange whereas the electrons continue to the 100 km region. The
consequences of thies low altitude charge separation remain to be considered,
but they could influence both the observed limited proton spreading and the
penetration of protons to low altitudes. However, the resulte from our
recent solar eclipse Javelin flight [Wax and Bermstein, 1970b] suggest that
‘the precipitated hydrogen flux may be in‘the neutrél rather than the proton
state at the top of the atmosphere. In this case, the charge separation
pattern would be simllar to that suggested by Kennel and Kindel for pre-
dominant electron precipitation, but with the two distinct reglons of
negative charge; one at 200=300 km where the hydrogen is stripfed and

another at 100 km where the electrons are stopped.

On the first £light, the rocket fortuitously passed through a form
boundary. Both the measurements of neutral hydrogen and electrons >2 kev
gave the same location of the form boundary; the electrons <2 kev extended
geveral kilometers poleward. This sharply defined hydrogen boundary was

not in agreement with Davidson's [1965] predicted spreading of a precipi-
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tated proton beam because of the repeated charge exchange and stripping
reactions which occur during the transit of hydrogen through the atmosphere.
Because the hydrogen and proton detectors were all éligﬁéé parallel to the
spin axis, little meaningful information about the hydrogen pitch angle dis-
tribution was obtained on the first flight. Therefore, we propose that the
sharp hydrogen boundary could be explained by either an incident hydrogen
pitch angle distribution more sharply peaked parallel to the magnetic field
or a much lower density of the upper atmosphere than had been assumed by
Davidson. Unfortunately a form boundary was not observed on the second flight;
however, the precipitated hydrogen piltch angle distribution always ap=
peared peaked nearly perpendicular rather than parallel to the magnetic
field. These results are in agreement with measurements reported by

Chase [1970] during several auroral breakup events. If we assume that

this anlsotropy is characteristic of hydrogen precipitation during the
breakup, and that it wes also present during the first f£light, it seems
likely that the observed hydrogen boundary indicates the reduced density

of the upper atmosphere. This conclusion is consistent with the observed
penetration of low energy (1-10 kev) hydrogen to the 100 km altitude range.
There is a third, unexplored possibility which might make use of ac-
electric and magnetic flelde in order to both energlize and confine the

proton beam,

The observed varlability in the pitech angle distribution and more
particularly in the apparent east-west asymmetyy is conslstent with con-

cept that the lower lonosphere is an extremely active medium., The imposi-
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tion of the east-west asymmetry from a source at high altitudes appears
unlikely; a low altitude modification of the precipitation by local fluc-
tuating electric and magnetic is more reasonable. Clearly the entire
area of low altitude auroral phenomena requires further experimental and

theoretical study.
B. Auroral Javelin Proton and Neutral Spectrometer
Results

These instruments were flown on rockets 8§:55 UE and 8:56 UE from
Ft. Churchill. Their design was identical to the one flown on the Tomahawk
except for a different high voltage sweep. In this case the sweep cycled

once a second.

The first rocket was launched int; weak activity. There was a
boom deployment problem with another experiment which caused the rocket
to tumble; the data are therefore not complete because of many telemetry
drop-outg. There was an apparent malfunction of our spectrometers since
almost all the recorded counté occured simultaneously in both the proton
and neutral counting channels; the instantaneous rates in each channel
were thus equal. We believe the data are probably the sum of the counting
rates for both channels because another experiment had a similar malfunc-
tion on the second flight. There are two possible causes for this summing
of counts. The first is that there was cross talk between our discrim-
inators; the second is that there was a malfunction of the Berkeley pulse

code modulator unit. The count rates were so low throughout the flight

®
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that no data concerning burst phenomena or atmospheric attenuation of
the hydrogen beam can be obtalned. Because of the large neutral effic-
iency factor, the major portion of the observed cougts were probably
protons. One concludes that the proton flux at kilovolt energies was
on the order of 103 to 104 throughout most of the flight. This is.con-

sistent with the low proton fluxes observed by other instruments on the

rocket.

The second rocket was launched into an active auroral breakup con~
dition at Ft. Churchill. Fifteen seconds after high voltage turn on,
there was a sudden drop in the observed counting rate and until the rocket
reached the 200 km level on the downleg of the flight, there are practically
no counts observed by either channel, even though the other instrument on
the‘rocket‘showed extremely large proton fluxes above 60 kev., We believe
that the channeltron high voltage suppyy did not function properly during
that portion of the flight. In the periods where. data exist, the neutral
hydrogen flux was %107 cmfz'sec-l and the proton fluxes were '\le6 c:m-2 sec_l
which appears to be consistent with what waa observed by other instruments
at that time. However, the rocket was no longer within the gctive auroral
forms. There were peaks in the hydrogen spectra, but it should be remembered
that the energy sweep rate was only once per second so that it is impossible
to say 1f these peaks result‘from the energy distribution or from flux in-
creases. The data would be consistent with either interpretation. The spec-
tra were soft showing a two decade decrease in the neutral hydrogen flux be-

tween 1 and 7 kev., The counting rates were not high enough to distinguish

if burst structure was present.
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Neither instrument was able to make a measurement of the neutral
to proton ratio as a function of altitude or to observe bursts. Thus,

we were unable to make the observations we wished toc have made.
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FIGURE CAPTIONS

Characteristics of the Instruments Flown on the Auroral

Tomahawk Flight.

Typical differential energy spectra of electrons and neutral
hydrogen observed on the auroral Tomahawk. The fluxes have

not been corrected to the top of the atmosphere.

Display of auroral Impulsive precipitation events in 5000 ev

radial and axial protons and 200 and 6000 ev electrons.

A proton burst from Figure 2 at 5000 ev in the radial and

axial directions shown on an expanded time scale.

Response of the 5000 ev radial proton detector as a function
of observed pitch angle showdng a strong east-west asymmetry

which decreases with time.

Time of occurrence of lmpulsive precipitatibn,events as a
function of pitch énglé. Points are the events., The soild
lines represent the range of pitch angles covered at a given

time.
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TABLE 1
Geometrical Typical
Look Energy Factor Count Rate
Instrument Direction Range (cm? str) | Efficiency |(Counts per sec)
Total » Integral | 7 %107 ,
Hydrogen Axial Flux 2.2 x 10 Energy in- 7.5 x 107
Detector 0.5-10 kev dependent
Neutral -3 | eff = 1.3 x
Hydrogen Axial 5 Channels | 4.60 x 10 10-3 gl.8 20
Energy 0.5-9 kev E = energy
Spectrometer ) in kev
Proton -3 . 3
Energy Axial 5 Channels | 4.60 x 10 m 1 1.3 x 10
Spectrometer 0.3-8 kev :
Electron ) -3 o 4
Energy Axial 5 Channels| 2,51 x 10 sl 4 x 10
Spectrometer 0.2=6 kev
0° Proton Fixed 2.74 x 10“2 3 x 104
Detector Axial Energy ]
5 kev
90° Proton Fixed 2.74 x 1072 6 x 10°
Detector Radial Energy ]l
5 kev
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