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Abstract

Positive ion composition measurements in the D and E regions were per-
formed on three rocket flights during the 1966 solar eclipse program conducted
at Cassino, Brazil. The E region results showed that, at totality, N0+ and 0;
decreased in dersity while the ratio NO+/02+ increased. Long-lived meteoric ions
appeared.to be-unaffected during the short-period of the eclipse. A submerged
layer of meteoric ions became prominent at totality-when the molecular ion
densities were smallest and produced a sporadic E layer. The D region results
indicated that the decay in the water cluster ions at totality was probably less than
a factor of four in the vicinity of 80 km. This work represents part of a continuing
Air Force program to study lower ionospheric processes which affect communica-

tions.
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Positive lon Composition Measurements
in the Lower lonosphere During
the 12 November 1966 Solar Eclipse

L. INTRODUCTION

Cryogenically-pumped quadrupole-mass spectrometers were included as part
of the scientific payloads on four Lefense Atemic Support Agency rockets launched
from Cassgino, Brazil to study the D and:E regions of the ionosphere-during-a total
solar eclipse. Three of these instruments were successful. Becausge the gyro
aspect data are not yet available, the-results are presented in terms of the currents
measured at the:mass peaks versus altitude, .and all current-modulations were
smoothed out by eye. A certification rocket launched one week before the eclipse
provided background ionospheric measurements which showed the Brazilian day-
time ionosphere to be similar-to that-over Eglin, Florida. The water cluster ions,
19+. 37+ and 55+, (H+° (HZO)n) dominated the ion composition below 82 kilometers
and disappeared completely above 85 km. The drastic transition in ionospheric
composition near 83 km, marked by the disappearance of the water cluster ions
and the simultaneous appearance of metal-atomic ions, seems to be a consistent
feature of the earth's ionosphere. Metallic ions, mostly iron and magnesium,
were measured from 83 to 106 km and showed a layer near 93 km with a peak
density of about 10 percent of the total ionization. NO+ and 02+ were about
equally abundant and were the major constituents above 83 km. During the eclipse,
the results obtained when the sun was 80:percent obscured from rocket D-4, were

(Received:for publication 9 March 1970).
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found to.ke somewhnat. similar to those from the certification rocket except that
an additionw »xrrow metal ion layer, composed mostiv:of magnesium and iron,
was found near 05 kmi. At totzlity, the results from rocket D-11 indicated that
both NO~ ar.dO: decreased in density while the ratio 1‘50"'1'0.,+ increased. The
metaliic jons a;pe;'.red to be unaffected by the solar eclipse. _l‘he decay, if any,
of the 177 ion at-totajity was probably less than a factor of four in the viziuity of
30 vm. .

2 TN

Ia aadition to the mass spectrometer, the Nike Hiydac payload contained a re-
t;xrdirig potential analyzer, an mipedarce probe, a Langmuir probe, a spherical
ion trap, a solsr x-ray detector, and a lyman-alpha detector. All the payloads
contained an attitude control system (ACS) which was programmed after separation
frua the rocket motor near 60 km, to maintain the payload at zero angle of attack
over itz trajectory. Only the results of the mass spectrometer experiments are
dizcussed nere. Positive-ion composition measurements were made with
cryogenically-pumped_quadrupole-mass spectrcmeters. In all cases, the massg
spectra were scanned from 10 to 64 amu and the total ion current for magses above
49 amu were measured, all-in a two-second.period. Three figures were plotted
(see Figures 1 through 3) showing.only the major positive ions detected on the
certification, D-4, and D-11 rockets. These plois.are in terms of the currents
measvred at the mass spectral peak versus altitude. ’I'he major 1ons measured
and our 1dent1ncatmns 4re 19 (H3O |3 37t (Hsoz ), 55% (H7 3 ). 30" (1\0 ) 32t
(0 ), 24 (Mg ) and 56 (Fe % Other mass peaks, generally much smaller in
relatwe concentrations, were detected. Some of these were identified as sodium,
aluminum, nickei, and calcium ions. We believe the maximum altitude efror in
the trajectory data is +Z km. No attempt was made to correct or to normalize the
clrrent profiles for the particular instrument.sensitivity, vehicle speed, and
vehicle aspect since the aspect data were not available. (For information, the
ratios of the instrument sensitivities were certification :D-4:D-i1 = 1:1.3:1.7,
which means, for example, the D-il instrument-was 1.7 times'more sensitive
that the certification instruméent;. etc.). Thus one cannot consider changes in the
current values for a particular constituent.from one rocket flight to another, as
being indicative of‘the changes in the densities of that constituent. For any single
flight, more significance c2n be attached to the relative currents at:a particular
altitude-as being represeniative of the relative composition, but keeping in mind
the particular problems-and uncertainties discussed below for each set of results.
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Figure 1. Majur Positive Ions, 5 November 1966,
1155 L. T., Cassino, Brazil, Nike Hydac
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Figure 2, Solar Eclipse - Major Positive Ions at 80%
Obscuration, 12 November 1966, 1154 L.T., Cassino,
Brazil, Nike Hydac
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Figure 3. Solar Eclipse - Major Positive lons During Totality,
12 November 1966, 1209 L.T., Cassino, Brazil, Nike Hydac

3. CERTIFICATION ROCKET ) -

This rocket was launched at 11:55:21 L. T. on 5 November 1966 to obtain 3
background measurements. The vehicle developed severe coning because the ’
payload did not separate from the -Hydac motor, rendering the attitude -control
system -ineffective. Only the ascent data were used for the plot. The most
serious modulations were in the 30+ and: 32+ currents above 93 km; the smoothed
curves:for-these constituents deviate about a maximum of a factor of two from ,

- the measured values. For all the other constituents and below 93 km for 30+ and
32+, the smoothed current profiles are well within a.factor of two of the measured

¥, ———

ka

values.

L D-LROCKET

This rocket was launched at 1'1:54 L. T, on 12 November 1966 so that the
¢ rocket was ascending.at 90 km when the sun'was 80 percent obscured. Again the
payload did not separate from the Hydac motor and the vehicle behaved poorly.
The best mags spectral data were cbtained near peak on upleg and on descent.
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Only the descent data were used for the plet. The current mnodulations in 307 an¢
327 above 90 km werg sinusoidal ir nature, shot.ing about 2 cyeles from 30 10

1 7 m with amplitudes plus or mitue about a factor cf two about a2 mean value.
fhe enrves siown 1n the piot are these mean curves. The smootred curv:s for
the ctuer constituente are generally within 40 percent of the measured vzlues.

3. Bl ROCKETY

This rocket was launched a¢ 12:08:37 L. T. on 12 November 1966 so that the
rrncket was ascending at 90 km during totality. The payload separated irom the
rocket motor and was Stabilized bty the ACS, s0 that the current moduiatione were
not as serious as on the certification and D-4 rockets. The plotted current pro-
files are the results of smoothing a superposition of both the ascent and descent

measurements. - All the cur;ent profiles are generally well within 1 50 percent of
the measured values.

6. DISCOSSI0N

The results of the certification rocket showed the daytime Brazilian ioncsphere

to be quite similar to that measured in the northern hemispher=. Below 22 Lkm
water cluster ions (hydrated protons) dominated the composition. These ions dis-
appeared completely near the mesopause and were absent above 87 kv, but re-
appeared on rocket cescent below 87 in.

Another typical feature of the lower ionosphere is the abrupt appearance of
metal-atomic ions ncar 82 km on rocket ascent. These metal ions consist mostly
of iron and magnesium, and usually exhibit a layer about 5 or more kilometers
thick with a peak near 93 km. Whenever metal ion layers are detected at higher
altitudes, the thickness of the layers is usually less than 2 km. On the certifiza-
tion rocket, the metal ion concentrations represented a maximum of only abou:

10 percent of the total ionization near 93 km.

Also, a consistent feacwre of the lower ionosphere is the ledge of nitric oxide
ions near 82 km where NO+ rises steeply a density Lecoming the major ioa.
02+ follows N()+ and exceeds the NO+ density above 95 km. In Brazil, we found
02"' to be much more abundant between 80 and 3¢ km than we found in our other
daytime measurement at Eglin AFB. This may be because of the smaller solar
zenith angle (~ 20°) in Brazil as compared with the solar angle of 49° for our

earlier measurement at Eglin, resulting in a deeper penetratior of solar radiation
(that ¢z, Lyman g) which can ionize O,. Recently, it was printed out that the
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wnization of mztastable 0.,(15) may e equally i not of dominating importance to
accoint for the increased (..‘f at these low aititudes (Huzten aad McElroy, 1563).

The D-4 resuits plotivd in Figure 2 are belicved to be displaced about 1 km 100
high. This rockei was fired when the sun was 20 percent obscured w.nd the resuite
are s:uniiar w those of b certification rocket (at jeast withir: the discugsed ex-
cursions), cxcepi that an additional tnetal ion lajer conposed mostly of magnesium
and iron was measvred near 105 wn. Nothirg can be said ai this time of the
+ects of this metal ion layer on the total d msity profile, becavse the data fromn
the ozl charged particle detectors on D—4 were mod:lated near 105 bn.

Dering totzlity rocket D-11 reached an apogee of valy 95 km so that e upper
metal -ior layer could not be measured. However, from a Nike Apcche socket at
ictality, Mechtiey et al. (1969) detected an Es Iager at 104.2 ke skich protruded
50 percent above his smooth electron density profile. in addition, J. . Ulwick
{private commanicition} found a 20 peceent enlancemnent it bis total demsity pro-
file new~ the altitcde of the metal-ion layer after totzlity at 30 percent obscuratiorn:
o rocket D-313. This points oct tha! the metal-ion layer beczme mozt g rominesnt
in ihe total density profiles near fotality when both molecular jons (NO¥ ans 0,™)
Gerayed 10 their minimum values. it was expectied that if Sere nere no chznr}s
in transpert processes, the mretal atomic fons rouled show Little or no eficets Que
0 the solar eclipse decause their Jifetimes are much lonzer than the molecular
ions and the period of th= solzr eclipse. The rough results bear out this expecta-
tion.

A rough estimate of ‘he change in total density dering the cclipse can be inade
using the mass spectrometer data, by asswning cither th> iron 1on coulent or the
magnesium fon content at 33 km did not change from 3 Novemnber and dering the
eclipse ga 2 November. Then, nox.. alizing the 30° and 327 currents 2¢ €3 tan
%0 the 56" curren: for the tkree {lights and king the sun of the normalized 39"
and 32‘ curreris as proportional to density, we find the change in deasity at 23 km
i ia the ratio cerdfication: D-4: 1M-11 = 2.4:1. 6:3, or the demsity at toiality is
decreased by a factor of 7.4 from mormal. Performing the same caiculation,
assuming tie mageesium ion concentration is constant, we obtain for the same ratio
1.8:1.4:3. It is stressed that these are only rough estimaves. In comparisen,
Ale~-hiix et al. {1959) found that the density decrease at totality is uniform above
50 km, and about a facior of three down from Lie normat daytime ionosphere.

1t x25 aiso found that the NO' /O, ratio increased from 1. 1 on the certifica-
tionr; yocket to about 1.7 at totality near 83 kmi. This is inderstandable quaiita~
tively by considering the basic processes. Simply, in addition to dissociztive
reeombiration with electrons, 0; can either charge transfer with neutral nitric
oxide or charge recarrange with aiomic nitrogen to form and mairtzin No'.
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It is difficult at this time to determine what changes occurred in the water
ciuster jions with accuracy; however, it is estimated that the maximum decay at
3 : totality of 37+, for instance, is probably less (han a factor of four near 80 km.
Gther rocket measurements have been performed showing that the water cluster
b ions indeed can and do change in densi through swnrise, through sunset and from
midday to midnight. The combination cf the low charged particle density in the
D region below 0 km {(about 103 Eer cc) and the short time involved in the solar
eclipse shouid prevent the water cluster ivus from undergoing-a decay as drastic
as the electrons, which mainiy attach to form negative ions at these low altitudes.
It is again stressed that these data are not completely reduced or analyzed

at this time, and only when this is completed can more definite conclusions be
3 reached.
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Pesitive ion composition measurements in the D aad E regions were performed
on three rocket flights during the 1566 soiar cclipse program conducted at Cassino,
Brazil. The E region results zsl.owed that, at totality, NO* and 02* decreased in
density while tiie ratio NO*/O,* increased. Loug-lived meteoric fons appeared to
be uniffected during the short period of the eclipse. A\ submerged layer of
meleoric ions pecame promirent at totality when the molecular ior densiies were
smallest anud produced 2 sporadic E layer. The D region results indgicated that
the decay in the wats r cluster ions at totality was psobably less than a factor of
four in the vicmity of 80 km. This work repregents pari of a continuing Air Force
program to study lower icnospheric processes wh:ch affect cemmunications.
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