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ABSTRACT

During 1972, the vertically directed incoherent scatter radar at Millstone Hill
(42.6°N, 71.5°W)} was employed to measure electron density, electron and ion
temperatures, and vertical ion velocity in the F~region over periods of 24 hours,
one or two times per month, The observations spanned the height interval 200 to
900 km, approximately, and achieved a time resclution of about 30 minutes. This

report presents the results of these measurements in a set of contour diagrams.

For a number of the days, the spectra of the signals gathered at altitudes between
450 and 1125 km have been the subject of further analysis in an effort to determine
the percentage of }-I+ ions present over Millstone. The results suggest that H+
ions are escaping from the F-region to the magnetosphere at a value close to the
theoretical limiting flux during the daytime in all seasons. At night the flux be-
comes downward commencing near midnight in winter, but may remain upward

throughout the night in summer.
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MILLSTONE HILL THOMSON SCATTER RESULTS FOR 1872

I. INTRODUCTION

Since 1963, incohereni (Thomson) scatter radar measurements of F-region electron
densities, and electron and ion temperatures have been conducted at Millstone Hill, Westford,
Massachusetts (42.6°N, 74,5°W) (Refs.1 to 9). This paper is the tenth in a series of annual
reports, and presents the resulis gathered in this program during the calendar year 1972, The
observations reported were made for periods of 24 hours, once or twice a month. The results
obtained in earlier years have been published in the articles listed in Table I, and have been
transmitted to the World Data Center A, Boulder, Colorado.

TABLE |
PUBLICATIONS CONCERNING THE MILLSTONE HILL UHF
(68-cm Wavelength) THOMSON SCATTER RESULTS
Year tonths Covered Publication
February 1963 to January 1964 Ref.1
1963 March, July, August, September Ref, 10
Aprit, July, November Ref.11
January through December Ref.2
1964 April, July, November Ref.12
Janvary through December Ref.3
January, April, August Ref.13
1965 June Ref.14
June, August, September Ref,15
January through December Ref.4
1966 January, March, July, September Ref.16
January through December Ref.5
1967 February, June, October, December Ref.16
January through December Ref.6
1968 October Ref.17
January through December Ref.7
1969 February, April, July Ref.18
September, October Ref.1%
1970 January through December Ref.8
1971 January through December Ref.?




The results reported in this paper are of F-region electron density N,, electron and
ion temperatures T(‘3 and Ti‘ and vertical velocity VZ and span the altitude interval 200 to
900 km, approximately, The measurements were made by transmitting single long pulses on
each sweep of the radar time bage and integrating the returns in a digital computer. Spectral
information (from which T and T are determined) was obtained by examimng the outputs from
a bank of filters matched to the length of the pulse (0.5 or 1.0 msec) Additional measure-
ments were made of the E~ and F-regions by transmitting pairs of pulses, whose spacing could
be varied allowing the echo autocorrelation function to be determined in the computer. This
approach also allowed for the digital subtraction of unwanted returns from distant hills,” 21 and
has been described in detail elsewht—:re.z2 Results gathered for E-region ion temperature using
this pulse-pair method in 1972 have been employed in the study of tides in the lower thermo-
sphere and reporied in a number of papers (e.g., Ref, 23).

Other observations conducted in 1972 that are not reported here include short observing
periods chosen to coincide with the overhead pass of a satellite (ISIS II} or with the launch of a
rocket from Wallops Island. In addition, some data gathered over short periods (less than
12 hours) as part of a program of propagation studies have been omitted as contributing little
to the report.

Section II describes the equipment, data gathering, and reduction procedures. During
1972, these were changed little from thoge employed the previous year and described in Ref. 9.
1egults for electron density, electron and ion temperatures, and vertical velocity are pre-
gented in Sec. III. In Sec.lV, we present results for the abundance of H' ions over Milistone
in the upper part of the F2-region and discuss these results in light of present understanding

ulte 1

of the fluxes linking the ionosphere and magnetosphere.

II. EQUIPMENT, OBSERVING, ‘AND DATA-ANALYSIS PROCEDURES
A. Equipment
1. General

The UHF (68-cm wavelength) incoherent scatter radar equipment has been described.i This
system employs a fixed vertically directed 220-foot~-diameter anfenna and hence can measure
only the vertical component of the ion drift. Extensive modifications to the data-taking proce-
dures were made in 1068 (Ref. 8) which allowed the echo power gpectra to be measured for many
heights simultaneously. This scheme made use of banks of matched filters for each of the pulse
lengths (0.5, 1.0 or 2.0 mgec) employed, and has been described in detail in Ref. 20. Owing to
an imperfect match between the filters and the spectra of the pulses (especially for the 0.5-msec
intraduced in the meagurementis of T and T). over some

yl-u.:sc':a;, S&INE S¥8 wm u the meagurerr
altitudes and empirical correction procedures were developed in an effort to remedy these. 7,9
in 1976, the filter bank system was replaced by a digital correlator which cbviated this problem.
During 1972, some incoherent scatter observations were conducted using the smaller
Sd~foot~diameter steerable antenna and associated L-band {2
system is described in Ref. 24, When uged for incoherent scatier studiesg, control of the radar
timing was assumed by the incoherent scatter timing unit (located in the Ionosphere Laboratory)
and the 30-MHz IF output of the L-band receiver was connected to the 30-MHz IF input to the
UHF receiver, so that the data-taking and sampling procedure remained unchaaged
it was necessary to rearrange the elements of the filter bank to span a wider frequency range
as described in Ref. 20.}
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2. New loncsonde

The principal change in 1972 to the apparatus employed at Millstone for ionospheric re-
gearch was the introduction of 2 new HF ionospheric sweep sounder. In February, the C-4
ionosonde was replaced by a ¥Digisonde i28% ionospheric sounder manufactured by Lowell Tech-
nological Institute Research Foundation (Lowell, NIassachuset’cs).25 Since thig instrument pro-
vides only about 80 mW of RF power, it was necessary to construct a transmitter power ampli-
fier to be used with it. This was accomplished using portions of a gpare C-4 sounder that was
on hand. The original C-4 sounder was left intact and available as a standby system until
June 1973, when it finally was shut down. Standby operation of the C-4 was accomplished by
employing the same transmitter amplifier for both systems and switching it between the two.

The Digisonde 128 sounder is shown in Fig. 1. Unlike the C-4, it is located at the main
radar site and supplies the exciter signal to the transmitter power amplifier via coaxial cable.
This transmitter unit, constructed from the spare C-4 components, is shown in Fig.2. The
transmitter unit is located in the building near the antenna. The received signal (at RF) is sent
over coaxial cable from the antenna to the receiver just over 1 km away. To overcome the
attenuation In the coaxial cables, broadband preamplifiers are employed together with matching
filters to compensate for the attenuaﬁon vs frequency response of the cables.

With the exception of the tape recorder and the printer, there are no moving parts in the
new system (Fig.1). Together with complete solid-state construction (except for the transmitter
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Fig.1. Photograph of the Digisonde 128 system showing the main components,
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power amplifier), this insures greater reliability, A second desirable feature of the new instru-
ment is that it provides hard-copy records in real time, from which fOFZ can be read off easily.
Figure 3 provides an example of one of these records.

A block diagram of the Digisonde system is given in Fig. 4. Unlike the C-4, there are no
free-running oscillators. All the required frequencies (and time) are generated from an internal
stable quartz oscillator. Thus, the desired iransmitter and receiver frequencies are selected
by internal digital control of a frequency gynthesizer. The control of the synthesizer can be
transferred to a local computer, but this has not been done at Millstone. The smallest frequency
interval between soundings is 25 kHz. This option is employed for E-region soundings, which
may be made over the frequency range 1 to 4 MHz once per hour. A complete sounding from
2 to 16 MHz {or 2 to 10 MHz} usually is made twice per hour, on the half hour, with 50-kHz reso-
lution. The ionogram shown in Fig. 3 covers the range 2 to 10 MHz, and was made using 50-kHz
frequency stepg. The vertical dark lines denote frequency intervals of 0.5 MHz.

The most novel feature of the new ionosonde is its integration capability. At each frequency,
a train of ZN X 80 pulses (N =1,2,3,4,5...)is transmitted before the next frequency is selected.
At Millstone, N = 2 usually ig employed; i.e., 320 pulses are transmitted on each frequency.

The phase of the pulses in each subgroup of 80 pulses is made 10 change from pulse ic pulse by
0° or 180°, according to a pseudorandom code generated by a shift register. The phase of the
receiver local oscillator is changed likewise, so that the instrument remalns phase coherent,
but at the output, the phase of an unwanted interfering signal is being changed coniinuously. The
receiver signals are converted in a multiple-conversion su}- rheterodyne receiver to an inter-
mediate frequency of 100 kHz, where they are amplified by - logarithmic amplifier,

The correctly phase-decoded 100-kHz IF is sampled in .28 height ranges. Two samples
are taken in each height range, providing sin and cos components of one cycle of the 100-kHz
glgnal. Selectable sample periods are provided so that either every cycle of the 100-kHz IF, or
every second, or third, or feurth one can be sampled. This corresponds to sampling on 1.5-,
3-, 4.5~ or 6~km radar height increments.

The median value of gignal amplitude and phage is determined for each height range; to do
this, the samples are compared with the respective values already stored in a digital memory.
This comparison determines whether the value stored must be increased, decreased or left the
same. A changing weight function allows fast and optimal convergence of the digitzlly measured
values after decoding phase-coherent amplitudes., The improvement of signal-to-interference
ratio by this integration process is proportional to the square root of the number of samples,
which for N = 1 is ~80, or approximately 20 dB.

The gin and cos samples of the amplitude are measured in 256 increments, These samples
are converted after integration into a complex amplitude (phase in 8 increments and amplitude
in 64 increments). Using binary code, the amplitude is expressed as one character of six bits
(or 64 levels). Two adjacent amplitude samples are separated by cne phase character contain-
ing the preceding phase meagurement on the lower three octal bits (8 portions) and the following
phase measurement of three octal bits. Thus, the 128 height ranges produce, after one integra-
tion period (one frequency), a set of 192 characiers. These are preceded by a block of informa-
tion containing: year, date, hour, minutes, seconds, frequency transmitted, receiver gain,
gain range setting, and information on range sample delay and density (Fig.5). Means are pro-
vided to introduce information into characters, which are part of the previously mentioned infor-
mation block. All information is provided in binary form and when combined with 192 characters
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Fig.5. Key to-the .infensii‘y level code {top) employed in the ionosande records (cf. Fig.3),
preface information (cenrer);__ sample record sirip {botiom) showing location of the preface.

of data, will form one-tentli'of one record. . During the integration time; the contents of the -
memory, generated in the preceding sampling process, plus the peripheral information men-
tioned above are transferred-through a storage memory onto tape.

The data are read out of the memory at a rate of 500 characters per second, comapatible
with the fastest integration time of 0,4 second for each frequency. Preface and record gaps
reduce the maximum frequency stepping rate to two per second.

At Millstone, magnetic tape recordings have not been made routinely thus far, and the
printer output is employed instead. Owing to the slower speed of the printer, the memory can-
not be read out at 500 characters per second and hence it is necessary to glow down the sweep
speed. This is accomplished by integrating over 320 pulses (4 X 80) before changing frequency.
The preface information appears on the printed record (Fig. 3) in the manner shown in Fig. 5.

The printed records provide ionograms plotied using a numeric technique developed at
Lowell Techneological Ingtitute Foundation. The picture elements consist of numerals, using a
gpecial type font, having the property that the apparent blackness is proportional to the numeric
value, 7Thus, large numbers like 7 or 8 appear much darker than, say, 3 or 4 (Fig. 5). The
picture, made on a standard Magnafax telecopier, results from coding standard BCD data from
any digital device into a form suitable for the telecopier.

In Fig. 3, the heavy, black, vertical lines mark each tenth sounding frequency. The station
identification data have been printed automatically at the low-altitude end of each frequency

Jerlandannd Binlalibt i et
IVIDkUedl HELgLIL), JiJiiLurebdal

marker. The axes are standard: veriical axig represenis ti
axis represents frequency, -while the intensity (z-axis) represents echo amplitude,

Since the printer records give the log of the median intensity at each height and frequency
{in order to achieve enough dynamic range) some of the "contrast” between echoes and inter-
ference tends to be lost., This can be recovered, in part, by printing as "zero" all numbers

below an adjustable threshold.
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Provision to operate the C-~4 sounder was maintained initially ag this allowed an observer
the capability of finding foFZ by sweeping the frequency manually. In addition, the C-4 provided
35-mm film copies of the ionograms that were sent routinely to the World Data Center. Using
a storage tube digplay and camera system, a means was developed of plotographing the iono-
grams produced by the Digigonde (e.g., Fig.3), so that we could continue to send film records
to the World Data Center. (The paper records tend to be bulky and cannot be reproduced

readily.) At this point, operation of the C-4 was discontinued.

B. Observing Procedures

During 1972, we attempted to make observations using the single long-pulse method and the
newer pulse-pair scheme at least once per monih for 24 hours. Table II lists the operating
modes employed for the single long-pulse measurements and the altitudes over which these pro-
vided data, In noprmal or "regular! operations, the cycle A, B, C was repeated every 30 min-

utes with 8 minutes of data being collected in each mode.

TABLE 1l
THE NORMAL "ONE-PULSE® EXPERIMENT MODE SEQUENCE
.PUIsﬁ o Heagi‘w-t ..5 qm'?_l_st f H”Ude Measured Parameters
Length Resolution Spacing Coverdage
Mode {psec) {(km) {km} {km} Direct Deduced
A 100 15 7.5 100~1000 Power N(“3
B 500 75 30 150~1500 Power Ne
75 225- 675 Power spectrum Te’ T;, Vv
C 1000 150 30 300~2000 Power N
e
75 450~1125 Power spectrum T, TE’ v
D~ 1000 50 30 150~ 500 Power -
75 150~ 350 Power spectrum v d
*Employed with the L-band steerable radar during 2-D experiments.

Ag described in Ref. 9, provision was made in 19741 to switch rapidly between the L-band
and UHF radar transmitters and reload the computer with a new data-taking program which
established automatically the proper condition for the interface equipment that transfers data
from the radar to the compui:er.24 During 1972, advantage was taken of this capability to switch
rapidly between operation of the L-band radar employed to track the Navy Navigation Satellites
{in a program of propagation studies) and incoherent scatter operation of the UHF radar. (The
two radars cannot be employed simulianeously as the transmitter cooling and power supply, the

radar interface equipment, and the computer all are shared.) These mixed operations {termed



STATS for Satellite Tracking and Thomson Scatter) permitted a cycle A, B, C to be completed
once per hour and hence afforded less time resolution than regular runs. Only the resulis from
the longer STATS runs that were completed successfully are included here.

A second application of this rapid switching capability was in obgervations that atiempted
to resolve the drift motions of the ions in the magnetic meridian plane into components parallel
to the magnetic field (caused by neutral winds and diffusion under the influence of pressure
variations) and normal to the magnetic field (caused by the E-W component of the F-region
electric field). These measurements are termed here "2-D" and were a precursor for later
atternpts to measure all three components of the drift {termed "3-D"). Since the UHF radar
measures the vertical component (VZ) of the drift, it was necessary only to employ the L-band
radar to measure one component of the drift in the magnetic meridian to secure a second inde-
pendent measurement from which the two wanted components could be recovered. For most
Z-D measurements, the L-band antenna was directed in the magnetic meridian at 15° elevation
(Table III}. In this direction, the beam is almosi normal to the field lines at F-region heights.
However, on two occasions (Table III) the beam was directed in the magnetic E-W direction.

1 the observing periods for which useful data were gathered and are presented

=
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in this report.
The 2-D sequence was A-mode (4 minutes), B-mode (4 minutes), C-mode (8 minutes), and

D-mode (16 minutes); this could be repeated approximately every 40 minutes.

C. Data Reduction

As described previously,zo no attempt is made to analyze the data in real time (i.e., as it
is gathered) ag this would be too time consuming. Ingtead, the samples of echo power collected

as functiong of range and frequency are stored on magnetic tape at the end of each integraticn
period along with other pertinent information such as the mode type, start time, and duration

of the run, A profile of echo power vs height (i.e., corrected for the R -2 dependence where R

ig the range) is computed and printed out by a high-speed printer. Together with a printout of
the signal-to-noise ratio at each point within each frequency spectrum, this allows the data
guality to be monitored while they are being gathered.

While alert operators usually could deteci malfunctions of the equipment from the printout,
subtle effects such as the failure of any {of three) frequency synthesizers employed in the re-
ceiver to remain phase locked to the site master [requency standard would not be evident.
Accordingly, a frequency counter was provided to monitor each synthegizer in turn, Despite
thié, data for the vertical velocity on some days appear so scattered as to lead one to suspect
that the receiver was not operating properly. This appears to be the case for 12-13 July and
the vertical drift velocity data for these days have been discarded.

The first step in analyzing the data is to construct a plot of the F-region eritical frequency
f F2 vs time for the days of observation. For this, the values are scaled from the Millstone
1onograms Also included in the plots are values obtained at Oitawa (45°N) and Wallops Island
{38°N), which are the two stations in routine operation closest to Millstone. Including values
from these stations usually reveals any errors in scaling the local ionograms, and can serve
to gulde the interpolation that is necessary if any half-hourly values from Millstone are missing
for any reason. Examples of these plots have been included in a number of previous reporis.”™’

Values for £ FZ are scaled from the smooth curves drawn through the points on the plots at
half-hour mtervals and entered into the computer via punched cards. These are stored and used



TABLE It

INCOHERENT SCATTER OBSERVATIONS — 1972

End

Begin Mean .
Date c* | EST Date C* | EST Kp Obst Comment
25 January 1220 } 26 January D 1240 | 4- Rey
26 January D 1350 | 27 January 1500 30 2-D Az = 252¢ E[=15°
23 February G 0950 | 24 February D 1150 | 3+ Reg
9 March 1000 | 10 March QQ | 1000 10 Reg
23 March 1620 | 24 March D 1510 [ 3+ 2-D Az = 345°, E| = 15°
26 April QQ | 1600 | 27 April 1700 1+ Reg
¢ May 1230 } 10 May 1330 | 2+ Reg
25 May Q 1130 | 26 May 1300 | 2- STATS | Gap 1600-2030
30 May 0920 | 31 May 1000 | 3+ |2-D | Az=345° El=15°
8 June 1020 i 9 June Q@ 1 1710 T+ STATS
13 June 0920 | 14 June 1100 | 2- Reg
28 June 1030 | 29 June 0500 | 2+ 2-D Az = 345°, E| = 15°
30 June QQ | 1150 1 July Q 1200 ]o 2-D Az = 345°, El = 15°
12 July 0850 1 13 July aQQ | 1020 lo Reg Ne verfical drift data
26 July D 1020 | 27 July 1420 | 2+ 2-D Az = 255°, E| = 30°
7 August 0920 | 8 August Q 1110 | 2~ Reg
6 September 1010 | 7 September 1300 | 2- 2-D Az =345°, E| = 18°
12 September | @ 0820 | 13 September 1100 | 2~ IReg
3 October QQ | 0810 | 4 October Q 1010 1+ Reg
15 November | D 0930 | 16 November 1630 40 2-D Gops 1530-1900, 03000500
. ° = 180
6 December | QQ | 0930 | 7 December 1600 | 2 2-D Az = 345, El=15
*Condition:

QQ One of five quietest days in maonth
Q@  One of ten quietest days in month
D One of five most disturbed days in month.

1 Observations:

Reg = Regular, 2-D = L-band and UHF radar measurements, STATS = Satellite Tracking

and Thomson Scatter,

10




to obtain the value of £ ¥2 at the midpoint of each A-mode run by linear interpolation. The
program combines measurements of echo power made with the all A-, B-, and C-mode rung in
each cycle' of observation into a single "power profile.” This is converted to an absolute profile
of electron density vs altitude by allowing for the effects on the backscatter power of altitude
variations in the ratio T, /Ti and normalizing the resultant curve to have the correct value of
electron density (Nmax )T at the peak of the layer.

Values for electron and ion temperatures are recovered from the spectra assuming that
o7 is the only ion present. This assumption is a good one except at night near sunspot minimum
when sufficient H' ions may be present at altitudes below 900 km to render the temperature
estimates unreliable. More accurate values can be obtained using a program due to J. L. Massa
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time and hence is not run routinely.

It has been found20 that estimates of Te/Ti obtained from the B- and C-mode data tend to
differ at night in summer when ’I’Q/’I'i —1.0. This leads to differences in the estimates for T;.
It is believed that the discrepancy stems from the large amount of smearing of the frequency
spectra of the sighals introduced using 0.5-msec pulses (B-mode) particularly at night when the
spectra are narrow. In principle, attempts are made to compensate for this by the method
employed in the data amalysis,20 but the measurement accuracy must suffer at such times. Since
it also was evident that the filters employed in the receiver specirum analyzer in the B-mode
are less perfectly matched to the transmitter pulse than those in the C-mode, it is believed
that the gystematic errors are primarily in the B-mode estimates. Assuming the C-mode is
correct, J.E. Salah derived an empirical correction scheme by comparing the data in the two
modes gathered at 525-km nominal height on four days,7 and this was employed to correct the

8 Subsequently, B. A. Emery performed a

B-mode temperatures gathered in 1969 and 1970.7’
more detailed comparison employing geveral heights (to allow for differences in the effective
center height of the pulse for the two modes} using two years' da.ta.9 Emery found that the cor-
rections to be applied to the ’I‘i and Te/Ti values obtained in the B-mode depend not only on the
prevailing value of Te/Ti (taken to be that observed in the C-mode) but to a lesser extent also
on T; (again assumed to be the C-mode value). A smooth continuous correction scheme was
derived from this comparison and employed to correct the results reported for 1971.9 The same
scheme wag employed for the results reported here. Finally, the values for electron tempera-
ture were corrected for the effect of the changing Debye length with altitude®
Beginning in 1976, the analog filter bank spectrum analyzer was replaced by a digiial cor-
relator that is believed to be less susceptible as a source of systematic error. The data
gathered with this device cannot be analyzed with the ANALYSIS program and a new program
(INSCAL) has been written which attempts to recover Ne’ Te’ and Ti ag functions of height,
allowing for the influence on ihe Ne profile of height variations of Te/Ti and on the T, profile
of variations in N e (viaztéle Debye length correction), in a truly self-congistent fashion. That
employed in ANALYSIS® " represents only a first-order correction, but in view of the possible

bias errors in the B-mode results at some times, a more elaborate approach seems unwarranted.

* Actually, the time chosen = start time + 4 minutes.
TN o, = 1.24 X 10* {t Fe )2 el/crn3 when f _F2 is expressed in megahertz.

14
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The next part of the analysis involves smoothing the electron density, electron and ion tem-
peratures, and vertical velocity estimates as functions of height and time. This cperation is
performed by fitting, in a least-mean-sguares sense, a two-dimensional polynomial surface
that best represents the data. The program that performs this is known as INSCON, and has
been described in Ref, 8, The INSCON program-can compensate for distortion in the profiles
of T, and T; vs altitude introduced by the fact that the effective center height for the pulse is
not given simply by the time at which the echoes are sampled (i.e., the go-called "nominal®
height), but is shifted owing to the variation of echo power with delay within the pulse. This
effect automatically ig taken into account-in constructing the electron density profiles, but was
not in¢fuded routinely for the plots of Te and Ti'---- The results published for 1970 and subsequently

(including those presented here) have been corrected for this effect.

A subroutine of the INSCON program preduces a2 plotting tape to drive a Calcomp plotter
which is used te.obtain contour diagrams of Ne' Te' Ti’ and VZ=. :Thege are given in the next

section. In addition, INSCON provides the coefficigénts of the pelynomial fit from which the -
variation of any parameter as a function of height or time {(within the period fitted) can be re-
covered. The sets of coefficients for each day are combined oh a single tape which is trans-
mitied to the World Data Center (in Boulder) together with a listing given here as Appendix A,
These, . together with a simple FORTRAN recovery program (RCVR) allow numerical values to

be obtained in machine-readable form by other users.

IiI. 'RESULTS FOR ELECTRON DENSITY, ELECTRON ANDION TEMPERATURES,
AND VERTICAL -VELOCITY -

A.. General

Computer-drawn coniour plots of l\ Te—,—— Ti’ and -3 z as functions of altitude -and time have ---
been generated in the manner outlined above {and dESCI‘led m detail in Ref. 8); these are pre-
sented for the days listed in Table III in Figs. 6 through 26. Contours of Ne are labeled in units
of 1og10 (el/cm } and are drawn in steps of log10 = 0.2 wherever log o N_ > 3.0. Regions
well above hmaXFZ sometimes are encountered where, owing to experimental error, the density
appears to be increasing with altitude. These usually have been edited from the plots, but in
any case are not considered real. The accuracy of these plots is greatest in the vicinity of
hmaxFZ {(shown as broken line) where the experimental uncertainty is set chiefly by the uncer-
tainty in determining fOFZ (typically +0.2 MHz). At higher altitudes, however, the uncertainty
in the incoherent scatter measurements contributes to the overall uncertainty — especially at
night when the echoes are weakest.

It is believed that the 30-minute time resolution provided by the "regular" measurement
scheme allows the normal diurnal variations to be followed adequately, but fluctuations caused,
for example, by Traveling lonospheric Disturbances (TIDs) with periods of less than about
2 hours, are effectively smoothed out.

The results for electron and ion temperatures are presented as isotherms at 200°K and
100°K intervals, respectively. The electron temperature exhibits a large diurnal variation and
increages very rapidly at sunrise. It is possible that this rapid increase is not properly repre-
sented in the plots gathered for the STATS observations {Table III) where the time resolution

afforded by the measurements was reduced to ~1 hour.

13




¥

A0

-4
3
|

HE [GHT (KM)

MILLSTONE HILL

%5-26. JAN, 72

1

|

7

(b) T .

Fig.é(a-d). Continued,




ot

HEIGHT (KM)

06

800

700

600

s

|

MILLSTONE HILL
25-28, JAN. 72

l

—i

2300 2400 ' ? ﬁlﬁ@C iG0C 1300 150¢

IR U/// Y \%\
N —

1200

-De-16043

2300 ND

2'10{‘

230(‘-

2200

2100

200C

isce

1802

1700

SN DI\

h—y

tiac

800 1ooc / '

(c) Ti .

Fig.&a-d). Continued.

b

ke L2







LY

HEIGHT (KM)

MILLSTONE HILL
26-27, JAN, 1872

700

N WY s
M\/ ~
=

st by
.t

*e
."'0 ‘eane

{a} Logl0 N

Fig.7(a-d). Results for 26-27 January 1972,




87

HE IGHT [KM)

MILLSTONE HILL
26-27, JAN, 1972

90C

&0e

|

ECC

|

L

Fig.7(a-d). Continued.



26—
T;
60
2200
o0 |
:mc
1900
e Lao0
100
1600
o _] p o0
=
et
5 soe
i
T




LLLLLLLLLLLLL
22222222222222

. \\%/Rw wi %///////%/%//f@w\




Ve

MILLSTONE HILL .
2324, FEB, 1972

LOC oNe

HEIGHT {KM)
8
!

o
EST

{a) Log10 Ne .

Fig.B(a-d). Results for 23-24 February 1972,




o // ] f\W

e

hhhhhhhh




MILLSTONE HILL
23-24,FEB, 1972

T

720 wiﬁ AN < /RN N " Fovy

- w/ ~7, “@“

e 500 \_/\/‘T::

" W AN —

o %,mw 1300 /—/\ 1530
@ ba L by s b la b b L = s b b L H

EST
(e} Ti'

Fig.8{a-d). Continued.







T4

HETCGHT {KM)

R S

P L o ol — ] -1 PNl Y- - kil O Y, W WL NPT o Yo s 2P =2 PP P I e T E s in e, R

MILLGTONE HILL BEERT
09-10, M35, 1372
L&C oN2

. TN A e —

Fig.%(a-d}. Results for 2-10 March 1972.




MILLSTONE HILL
Te

e

5 1
T
e L s & » T L L W b ke - »
EST
(b)Te.




HEICH

00

MILLSTGNE HILL
-10,MAR, 1972

s
T

/AN




HHH jvw Lﬂ
NN\& )

HK

\“/

_______
& g B g g B g g B



HE TCHT (KM)

6¢

MILLSTANE HIpL gEEC
23-24, MAR, 1972
LB 6N

300

4.2 4.0 ¥ “-6

e

5.0

K]

(a) L<:>g.Io Ne .

Fig.i0{a-d}. Results for 23-24 March 1972.




T e

BN A ——

X

. BOC

bG Iga llu ]12 [lu

1202 <
B
P
£57
)T,







LLLLLLLLLLLLL
23-24,MAR, 197

o)

= =

—
e
— T
e ——
——

x\/ \/
® & b G &

i \\\MWJ

1

-y




MILLSTONE HILL [0 -16087 ]
2637, 608, 1972 L
L0C oN:

HETCHT (KM)

133

e




LLLLLLLLLLLLL

Y s

::/f//////A\\\\\ /




MILLSTONE HILL T=to-Teves]
26-27,6PR, 1972

S TN
W// NN\ N

180C

HEIGHT (KM)

5¢

1200

1108
80 —
i Ys \e by b be k- ln L bs lo L [ L Ly
| EST
{c) Ti .
Fig 1Wa-d). Coantinuad
Fig.1Ha-d). Continued.




LLLLLLLLLLLLL
26-27,APR, 1372

gl \\\\ﬁ\\\\y////&7ﬂi\\V/J i

Pesd !

Y Y

M)

g

J

PORIN
Wz o — e

M




MILLSTONE HILL
09-10.MAY, 1972

LCG oNe

a0

A.B Eﬂ ¥.2 (]

/\\ \\\‘“‘”‘“// -

|

=
x
—
5 s |
S
xe _J
X0
w 7 e AT~ = et A S S PSS
2 L le [ b by E_SLTQ_ L b ke Fs lo L2 L

(a) Longe.

Fig.12(a-d}. Results for 9-10 May 1972,




H LLLLLLLLLLLL

:_E d ///\// =\

: w@m&v




6¢

MILLSTGNE HILL T
9 10, MAY, 1972 [—b6=Te073]

fj/////////\ N / /\\\\\\\

: xJ// W

900

800 L

HETGHT (KM)
&

(e) Ti'

Fig.1%a-d}. Continued.




S S N
S g B g 8 4 8 g B
(WY IHJ13H



W
HE IGHT (KM)

MILLSTONE HILL
25-26.41AY, 1972

LOG oNe
Ead

*Tpu=16015 |

1

R ety sl

TNBAN OGS NSOND2 NS -

. L L L " » L n T
ST

{a) LoglONe.

Fig.13(a-d). Results for 25-26 May 1972,




E

Fa4

HE IGHT (KM!

o0

Loy

&

8

MILLSTONE HILL
%5 2B.MAY, 1972

///////

o

A e /

i \\V 7.
-~

\\\\\\/

{b) Te .

Fig.13{a~d}. Continued




MILLSTONE HILL ~D0-
25 26, MAY, 1972

=AY

- | /\ \ t%:
r m | mu
= ~ m

RN | . | \m N

() T.

t

HE ICHT (KM

%4

Fig.13(a-d). Continued.




(44

MILLSTONE HILL

NG T
AN JJ \\

{d) Vz.

Fig.13(a~d). Continued.




s%

MILLSTONE HILL -
30-31,MAY. 1972
LOC oNe

HEIGHT (KM




LSC LL
3

BT

_W

G

W

B e

2T

/_\

/ (
D))/

l
1
\

L

7S \\\\\ \W\ff
///P/

b

{b) Te .




LLLLLLLLLLLLL

2777 T NS

,&EJ/////\\\\\\
\/j /\ \L\

e | \
:\/\f\ /\m AN e
200 _J
160 l
1 3 5 7 llﬂ Y 1 5 7




3
|

TN T "‘5\\\\ SRR

W) R
. =

L\
A
U7

))/9
/\/
WAL

D ( ( ﬂ \
/Z//\N ¢>
e . » T
@V,




6¥

MILLSTONE RILL

08~09.JUN. 1972
0 (oNe

(N 4.8 L) 4.2 §.0 .0 .2 4.5 1.5, [ N3

A~ NN — N S

wo | A e N :
(= ]

]

N .

w _| .

50 |

: |

0 ,«f————_____f’//’f—ﬁ\\\\\ g

= M/-\v/ \/ ' et

s ‘- e

3 ' ;

,.<_2 S-% ;
[T
=

{a) LOQIONe'

Fig.15(a-d}. Results for 8-9 June 1972,




Wk
Nore

&N T X Ty

U\\ —

(b) Te .

Fig.15(a-d}. Continved,




1371

MILLSTONE HILL

l\/ /77! /7?/ /7‘:/ ‘Nm )Nm r 5:;“
e _| /J//\ . W
W

= N=

J N _JI/ /g\d V\“

lu !u m z:’! .5_2 EC- =2 :4‘ -__ ,! . a .2 u l.e
£51

00

/3

g
L
h%ﬁﬁﬁ

HETCHT (HM)
4
]

(c)T,.
1

Fig.15(a-d). Continued,




(4

HETGHT (#M)

MILLSTONE HILL
08-09, JUN. 1872

300

// VNSO e <t 7

U/V/Aﬂ

(d) Vz'

Fig.15(a-d}. Continued.




&4

HEICHT (KM}

oy

MILLSTENE HILL
13-14, JUN, 1872

L8C ,,Ng

‘ -DO—]SUWI

¥

/N TN

S
\/

[T, B

e N -l AT G Apiaae e RN o P
ba b \3 bs Iy s 5 ' & n | s e oo L
EST
(a) LoglON

Fig.16{a-d). Results for 13-14 June 1972,




e et S s T e L T U e B e T s e L m mee i i e T i Sy 2 L b e e e e b 2 et AN d L SR S s R R e R R S S

M
13-
TE

T

;\\7//////@\\\\\@“

ST ¢ \\\\\\\\\é
f;_&gjjjﬂ /A==

(b) Te.




MILLSTONE HILL
%3—1‘4.JUN,19’72
1

SN [N

HETGHT (KM)

Sg

Tl '
: // o :

1“ \3 ES 'i? ‘;9 Ll BE
b EST : ¥ Er' La |
a7
Fig.14(a-d). Continued.




il N

[;
_—_

—r—— T
—_—— T T

=
X
=
5 5L —
S
wi
xT

ETu|
e [\/\ /\
AT
Rig

| W e
S \\M

i

i
W

i




MILLSTONE HILL ' TR
28-29, JUN. 1972
LG oNe

§.2 4.2 ok 4.2 N-U J.E 3-5

A (A& NN

: “/ﬂ&\

HEIGHT (KM)
8

LS

| ¥
|
xe _| -5 £, (/-—\\___/ o /,wé4/_:ntr:_"}c a2 TR Ty e
e 5.2 A,g/‘(: ?
o T2 L he Ly Lo by [ ke b i ke To
EST
{a) Log} 0 N

Fig.17(a-d). Results for 28-29 June 1972.




1 TR T <A

TINTJE
IS .

T
W 3002
-EOG\/ \zee: '
. /\ 20T
e _| 2200
i
" 1800
1607
T N1 e
we _j
e o L, Ly % b he "2 e L T L ks o
ESY
{(b}T .




HEIGHT (KM)

0

800

LESTUNE HILL

M1
%8 9, JUN. 1872

T\ AN

= ﬂfj///ﬁm\\
ey ey




ST

N
\ //NMU j =
a2

e\




19

MILLSTBNE HILL —
30JUN-G1JUL, 1872 [ -pe-T6095 ]

05 oNe

e

HEIGHT (KM}

40C _ |

e

. AN

ks
(a) Log 10 N

e.

Fig.18{a-d). Results for 30 June — 1 July 1972,

———




— 77—~ /T

//////J \\\R\\

/




|||1t.l|\|\\ - |....|

UW

=S

P
=

(WM} LHTFI3H

{d} v

l
i
|



MILLSTONE MILL [—00-16093 |
12-13, JuUL, 1872 emown ]
LOG oNg
Y.y .4 4.4 q.4 Yad 4.2 9.0 3.8 3.E 4.0 4.2 4.4 Y.l
/'\/ N
™/ \ /N
w ] / N\
N AT \ i
- /N
E - .
=
=
5 s _
w
a~ pu vy
&, ]
I
300 _|
o
M-
e be
EST
(a) Log.IO Ne'

Fig.19(a-c). Resuits for 12-13 July 1972,




\Tg\\‘j]/ \w\Vz
\\

///////m \\;\g\\\@

w/\w N7 AV

. - » » I P " G S e
EST




4 w S L EEEERL Y &

L

w /7 i

//\\
b Ly .
{e)T

MILLSTONE HILL
%_2—13. JuL. 1972

S~ ~"\

=

N\
N T

NN
é_\\\

2
(W) LHIT3H

67




89

HEIGHT (KM)

o0

MILLSTONE HILL

s el e TN et R e e e 30 w LT b L e

-0 - 2
26-27, JUL, 1972
LOG oNe
-4 -4 -2 4.2 %.2 .2 4.4
<

4%
k/“‘

(o) LOg]O Ne .

Fig.20a-d). Results for 26-27 July 1972,




Vil N\

A
e =

=/ \k




HETCHT (KM]

oL

MILLSTONE HILL T
:%8 27, UL, 1972

M\;/\U ffx\\ﬂ\\\LQ:

o b2 b b b bo L T L T b Ta " I ™
£s7

400

g
t

(c} Ti .

Fig.20{a-d). Continued.




_______




2L

MILLSTONE HILL Toa-1ows]
7- B.AUG, 1972
LOG oNg
LR 4.0 4.2 [T
ac _!
ﬂ 4.6
00 _|
4.8
0 5.0
E E. o S
—
5 00— 5.2
"
=
43 _J
W
200 |
160 [ S AL
-3 19 Ll

EST

{a) Lc:ng10 Ne'

Fig.21(a-d). Resulis for 7-8 August 1972,




K A

i A \j\\\\\/
NN

= %J/ x\




¥L

HE TGHT (KM)

MILLSTONE HILL
7- 8.AUG. 1972

—————
—po-16103

e

=l \f

&oc

S00

w0 _|
—— 11k e 11GE
20 |
1EQ -
T v
ke b by b b7 1

//

acc \ \ 1o

T —— TG

]

110c

b L L

{c} Ti'

Fig.21{a~d). Continuved.

i;‘:! IbS B

b




=2 WMU/\ (
V@Mp ,g/ > — NL«
<_ e

00 ) )
m\\\\l“\l

(WY LHJT3H




9L

MILLSTGNE HILL
€&~ 7,5EP.1872

o B0

- 00-18110

8c ] \H_/

5.0

BEU |

HETGHT M)

AR )

T~

N

I b
Fig.2

ke b




mu\/f/////// %\’\NU/\

//////ﬁ\ﬂ\\\\\
=




HEIGHT (KM)

>§E
1
2

HILLSTONE HILL

ﬁ/ '\R\\ \_///f///\\\\///\\//\\iz“

w N T

vwWJV”\mfz

b | be

{c) Ti'




H H WIN77>=NT Wmy

;JJ\\\\\\ NN |
B =

o 5@//\\\///“\\\\\\\////////




I MILLSTONE HILL -reend]
12-13,S8£P, 1972
LOC \oNe

*®0

[N

-

HETGHT (kM)

08

{a) Logw Ne'

Fig.23(a-d}, Results for 12-13 September 1972.




11111111

SO AR

W
= 2\




8

HETGHT {KM)

e e R 3 e e e DL e DR

l’?é [=po-1616 |

[SLUN-

180

NN f//\\\/// m /\\\\\ L\/

Ellm

30

£op

" b o le Le R b be ke " ke bs o
EST

(c) Ti .

Fig.23(a~d}. Continued.




=00-16117

-k M}\V/UNM@

g~

M

L\

00 _d
T » & » - T " L o & & & » & .
EST




MILLSTENE HILL
3- 1,0CT, 1972
LG, oNe

fa)

¥e

4.4

.

+

=

T
\ N ' .

.2 3.0

5.6

f,s.
Jan

(a) Loglo Ne'

Fig.24{a~d). Results for 3-4 October 1972,




MILLSTONE HILL
]3 5,007, 1972 - JECEIIA

u‘m” S R /S IIENNNSSSNZA

g )
g /%/M\K/
=

ORI

He0

HEIGHT KM}

§EE§§

Fig.24(a-d}. Continued.




98

HETGHT {KM)

MILLSTONE HILL
3- ‘4 gCT. 1972
1,

DDDDDDD

—Mw\// 2 f\k\w\\x A
== 5

i\’\”\ M

&

/ //\m L

{c) Ti .

Fig.24{a~d). Continved







MILLSTGNE HILL .
15-16,NQV. 1972 —
0GgNe

HEIGHT (KM

88

{a) Logw Ne.

Fig.25(a-d)}. Results for 15-16 November 1972.




MILLSTONE HILL ~po-1812
15-16, NGV, 1972

Te

R\ WANNRE 7oA~ R 77T T

- = ;” VU//A//

(b) 'i'e .

58

))K
§

&

Y s
&
&

t

Fig.25(a-d}. Confinued.




06

MILLSTONE HILL [ =0e-18ize]
%_S—IB.NOV, 1372 gt

1
860

250, Oc

AR
= ARINS=AT

:
S~

%27 o=

2=

e

Bl
Sl
)

A

K
q

»

HE ICGHT (¥KM)

)
s

4

o
o
-
—
=1
-
o

lx [ bs tr bs b L Is b

(c) Ti'

Fig.25(a-d). Continued.




11111111

L
=
% o /\
. =
] L:Ig :
e : )
| \/ ﬁ
‘ .:15 _-15
‘ 0 |
| | T
i (
. L‘ e
e
: | . Ta Ly b b |
EST
@Vv,.




6

MILLSTONE HILL
B- 7.DEC.~ 1972
LOG 1gNe

e

e

HETGHT {KM}

L B

'il:‘ 36 !E 35

AN 72

1.2

\

Fig.26{a-d).

Results for 6~7 December 1972,




NN

ﬁﬂv/muw
NN A —

;M\/\///K\\X\ /




idd]

HETGHT {KM)

MILLSTONE HILL
6- 7,0EC, 1872
1

N———

T _
S

wo

/\\4'\&\\\\]/ 1180 R T \@\’Q\@\L‘-\_ﬁ—_;_,f—%/fﬁ?u#ﬁ- IT{ [U VY

//;‘_\\//—\\\/\m

\231‘

X0 2‘51‘7.:‘..\2’?&3
2
0
TR
20
00
2

| [ [ T | L L |
iL 13 is iT 1 o

&

|
il

| |
2] [

(<) Ti'

Fig.28(a-d). Continuved.




MILLITONE HILL

_ NN IThON N AT

;MW Pk Wi \\W
. M M@M

?/

T . » n .




The contours of vertical velocity VZ are plofted at intervals of 5 m/sec and have been cor-
rected for the frequency "chirp” introduced by the transmitter.? Since-the beam is directed at
an elevation of 88° due south, the drift component of the plasma that is measured is not pre-
cisely vertical, but for most purposes the distinction is unimportant. ‘

Values of the <Irift observed with the I.-band radar usually were very scattered at night and
quité unreliable. Accordingly, these measurements have not been included in this report. These
data have, however, been employed by Kirchhoff and Carpenter in a study of the diurnal varia-
tion of the ionospheric polarizaticn electric field over Millstone and its dependence on magnetic
act'wity‘26

During 1972, the I, 5
Despite this, observationg appear to have been made-on at least six deys that were somewhat

solar-flux .continued to decline as sunspot minimum was approached.

disturbed (i.e., with mean Kp given in Table IIl exceeding 30].

B. Quiet Winter Behavior

There is a characteristic quiet-time winter -and summer behavior of the ictiosphere over
Millstone that has been digcussed.-in many previous reports.s_g' In winter, the electron density.
exhibits a pronounced diurnal variation with the daytime densities near hmaXFZ exceeding the
nighttime densities by a factor of 10 and exceeding the midday density in summer also. As sun-
gpot minimum is approached, this seasonal variatiom becomes less pronounced. In addition,
the ¥-layer is formed lower in altitude as the neutral atmosphere density of all levels of the
thermesphere is reduced. Both of these trends can be detected in the results presented here
from a study of IFigs. 9(a), 15(a), 18(a),-19{=), 24(a), and 2&(a).

One interesting feature,-discussed in a number of previous papcn53'6'27
Ref. 7, is the increase in Nmax that occurs-over Millstone during many quiet winter nights. This
feature is evident in Figs. 7(a) and 26(a). Typically, Nrﬁa)& declines during the evening and
reaches a minimum a little after midnight. The density then may remain constant for many

hours or increase reaching a peak between 0200 and 0400 local time (LT). Our earliest attempt

and reviewed in

to explain the 1:>henomenor127 was to invoke a downward flux of ionization from the magnetosphere.
We sought to explain the timing of the increase by noting that the conjugate point to Millistone re-
mains sunlit throughout the winter night and perhaps the heat flux into the tube of force reached
its minimum near midnight when the solar zenith distance at the conjugate point reached its
maximum. The subsequent cooling of the field tube then caused the flux into the local iono-
sphere. Subsequent theoretical and experimental work (reviewed in Ref. 7) have shown these
ideas to be untenable.

We now believe that the timing of the event can be explained guite simply as a consequence
of the diurnal variation of the exospheric temperature. This reaches its minimum at about
0300 LT with the result that the abundance of atomic oxygen in the thermosphere is at a mini-
mum, while that of neutral hydrogen is at a maximum. This is jusi the condition necessary to
cause the charge exchange reaction from H toOto proceed most rapidly, thereby ensuring

that the protonospheric flux is downward and large. We digcuss this further in Sec. V-B.

C. Disturbed Winter Behavior

At midlatitudes, magnetic storm effects tend {o be less pronocunced in winter than summer
(see, for example, Prélsszg) and thig is thought to indicate that the composition changes in the

neutral atmosphere resulting from the storm-induced changes in the thermospheric wind system
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are more pronounced in the summer than the winter hemigphere. We have gsuggested that this
ariges because the auroral heat deposited during the storm is greater in the summer hemi-
sphere, because the prevailing ionospheric electron densities are larger and this leads to a
larger joule heating.29 At all events, large storm-associated depressions of the daytime elec-
tron density are uncommeon at Millstone in winter and the most obvious manifestations of dis-
turbed activity tend to be the pregence of large TIDs and/or the anomalous behavior of N, T,
or v, at night.

A very large oscillation in hmax and electron dengity between midnight and 0600 1.T is
evident in Fig. 6(a} that appears to be the result of a long-period TID. There ar¢ corresponding
oscillations (of appropriate gign) in the electron temperature and vertical velocity. Similar
behavior, albeif less pronounced, was evident on 23-24 February {Fig. 8(a}] and 3-4 Cctober
[Fig. 24(a)].

Other recognizable features of disturbed nighttime behavior include: (1) enhanced E-region
densities (presumably produced by precipitating particles) and (2) enhanced electron F-region
temperatures which may be produced by particle precipitation or large heat fluxes from the
plasmasphere resulting from the decay of ring-current particles. There seem to have been no
ingtances when overhead particle precipitation was observed at Millstone during 1972. How-
ever, there was a large nocturnal increase in electron temperature observed on 24 February
[Fig. 8(b)]. It is tempting to attribute this to protospheric heating, since there appears to be ne
E-region density increase. The osecillation of hmax especially between 0600 and 1000 LT is
most unusual and probably indicative of large electric field effects. Unfortunately, a clear-cut
association is not possible on the basis of the data presented here, and it is possible that the
temperature increase is a predawn effect associated with conjugate sunrise. Comparing
Figs. 8(b) and (d), it is evident that the temperature increase caused a very large expansion
of the layer above hmaxFZ of the type normally seen at local sunrise.

The results for the other disturbed winter day (15-16 November) contain several gaps,
making it difficult to draw firm conclusions on possible nocturnal temperature increases, but
no obvious ones appeared during the pericds for which good measurements are available,.

Large perturbations in the height of the layer peak have been noted previously—" on dis-
turbed winter nights and, foliowing the work of Park30 and Park and Meng,“ usually have been
attributed to the presence of substorm electric fields., While such is often the case, we re-
cently have recognized that long-lived lifting of the layer centered on about 0400 LT probabty
has a different origin. A particularly striking example was observed on 23-24 March [Fig. 10(a)].
Based upon observations of 6300—1‘& airglow, Hernandez and Roble32 and others have found that
there often are large equatorward winds on magnetically disturbed nights near midnight. These
strong winds appear to be caused, in part, by the acceleration provided to the air as it crogses
the polar cép by the rapid electric field-induced motion of the fons (at speeds of several hun-
dred meters/second) and, in part, by heat deposited along the auroral oval which expands the
air in the polar cap region. Since neutral winds can be derived from the incoherent scatter re-
sults presented here,9 thege disturbed nighttime cases are of special interest and are the subject

of a separate study.

D. Quiet Summer Behavior

in summer time, the electron density at levels near hmaxFZ is lower than in winter during

the daytime by an amount that increases at sunspot maximum. It now is recognized that this
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reflects a change in the composition of the neutral air at these levels introduced by horizontal
transport of atomic oxygen from the summer-to-winter hemispher‘e.?’9

The diurnal variation differs also in that the largest electron density is encountered near
sunset and not near midday. The electron temperature exhibits a much larger diurnal variation
at Millstone in summer than winter, as then conjugate heating is absent at night. The switch
from "winter" fo "summer" behavior is quite rapid, occurring within a week or two of equinox.
[ the present data set, 26-27 April (Fig. 11) is the first day to exhibit the quiet summer be-
havior and 12-13 September (Fig. 23) the last.

We earlier attempted to account for the evening increase in Nmax in terms of the ccmtraci--i
tion of the layer {or collapse) that occurs when the electron temperature decreases at sunset.
Subsequent observations of vertical ion drift533 confirmed that there are indeed large downward
drifts of the iong above h___FZ at sunset as a consequence of the cooling of the layer. These
lead to downward fluxes tlll;;gugh 650 ki at sunset of the order 5 X 108 i<)ns;/cm2 (Ref. 7).

An alternative explanation for the phenomenon put forth by Kohl and King34 and Kohl et 511;35
is that it is caused by the reversal of the meridional component of the neutral wind. During the
daytime, the wind blows poleward tending to drive the layer {(along the magnetic field direction)
to lower altitudes where the recombination rates are higher. At night, the gituation is reversed
and this accounts for the smallness in the diurnal variation of the F-layer, especially in sum-
mer when the night is short. Kohl and King34 and Kohl et 51_.35 proposed that the wind direction
reversed earlier in winter than summer and experimental results supporting this were obtained
using incoherent scatter observations by Vasseur.36 Figure 27 illustrates this effect in results

for the neutral air winds obtained from Millstone.
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The role of neutral air winds in generating an evening increase has been confirmed by the

detection of a magnetic declination effect in the size of the increase37‘38 and computer simula-

tion s;tudies.g'9 At this juncture, it appears that, while both effects may play a role, that of the

winds is the more important.

E. Disturbed Summer Behavior

Owing to the shortness of the night at F-region heights in summer, disturbed behavior re-
sulting from particle precipitation, electric fields or heat fluxes is less often observed {han in
winter. The most striking feature is a depression of the F2-region peak densily sometimes to
values below that of the F1. This behavior is thought to be caused by an increase in the rate of
migration of atomic oxygen out of the summer hemisphere. Only one day (30-31 May) was disg-
rbed significantly and the densiti
or 15(a}). In addition, hmax exhihited an oscillatory behavier between about 1500 and 0300 LT
with associated oscillations of Vz suggesting the presence of large-scale TIDs,

While these large-scale TIDs tend to be associated with magnetic activity, this is not always
the case. There appears to have been a fairly pronounced TID on 9-10 May (Fig. 12) during a
period for which the average value of the Kp index was only 2+. Similar findings were reported

in Ref. 9.

IV, RESULTS FOR H' DENSITIES AND FLUXES

A, General

The signal spectra of the reflections over the altitude interval 450 to 1125 km, approxi-
mately, are measured at intervals of 75 ki using a pulse that yields a height resolution of
150 km. Normally, these spectra are analyzed to yield estimates of Te and Ti assuming that
o' is the only ion present. It also is possible to reanalyze these spectra to yield estimates of
the H' percentage as well as Te and Ti’ The computer program employed for this was written
by J. L. Massa40 and modified subsequently by R. Julian. Unfortunately, the program is slow,
owing to the large search that must be undertaken, and thus far this hag limited the number of
days that could be examined.

Early attempts to use this program were for data gathered in 1969, i.e., close to sunspot
maximum.is'w Subsequently, the program was used to reduce data gathered in 1972 and 1973,
i.e., nearer sunspot minimum. We believe that the resulls are of great interest since they
allow conclusions to be drawn concerning the proton fluxes between the iocnosphere and magne-
tosphere over Millstone.

In thig gection, we discuss the data reduction to obtain estimates of H /N from incoherent
scatter results, report values obtained for elevan of the days listed in Table III, and discuss the
implications of these results on the nighttime protonespheric fluxes. This last topic represents

a major advance on a previous study19 whose conclusions were not thought to be very reliable.

B. Data Reduction

The program employed to determine the H+ concentration is run separately from the ANAL-~
YSIS and INSCON programs used to generate the results described in Sec, III. To date, it has
been used only to examine the C-mode spectrum results recorded on the original data tape. The
S

program is required to search for the best fit between the measured spectrum and the theoretical
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spectrum describing the gecattering from an H-"/O+ ion mixture, To do this, a search is con-
ducted in a library of calculated autocorrelation functions for the one that most closely resem-
bles the Fourier transform of the measured spectrum. The matching of correlation functions
rather than spectra facilitates the calculation of the instrumental effects (below). The library
is calculated separately and the resulting functions are stored on the drum of the XDS§ 93060 com-,
puter. fmfortunately, there are four variables in all, viz: H+/Ne’ Te‘ Ti‘ and the variable

«, where
47 (2 :
QZ = (—--*?'\'—e) (1)
in which
Te
L)e = 6.9 _N; cm {2}

is the electron Debye length when 1\’& is in electr’ons/cm3. For Millstone (where A = 68.18 cm)

N

T
ot =1.62(—£) ‘K em® . (3)
e

The dependence upon T, can be eliminated for the purpose of computing the library of correla-
tion functions, since it controls the scale of the time axis only, and not the shape of the function.
As shown by I\/I()orcroftfH it becomes difficult to solve for the H+/Ne ratio as cuz —~ 1.0, Ac-

cordingly, the present library of specira has been computed over a range of cases that includes:

’1‘8/'['.1 = 0.8 to 3.0  in 0.2 steps

H'/N_ = 0.0to 0.4 in 0.1 sleps
«% - 0.0, 0.01, 0.025, 0.04, 0.057, 0.074, 0.09, 0.17, 0.25, 0.33,
0.41, 0.49, 0.60
T, = 800°K

1

These theoretical autocorrelation functions are computed for points 10 psec apart and scaled in
delay (by parabolic interpolation) in order to match the actual ion temperature at each iteration
performed during the best fit search.

The limited range of H+/NE_ ratios was chosen after an analysis of the 1969 resu1t518’19'40
showed that at the greatest altitude for which it was thought that reliable estimates could be
obtained (825-km nominal height), the gt percentage rarely if ever exceeded 40 percent. Sub-
sequent analysis of days in 1972 and 1973 showed that nearer sunspot minimum, this rule was
increasingly violated at high altitudes on winter nights. Accordingly, it is believed that the
program probably does not yield reliable results for those altitudes where the H+ abundance ex-
ceeds 50 percent. Despite this limitation, useful conclusions can be drawn and no attempt has
been made to recompute the library to include cases for HT percentage greater than 40 percent.

To allow for instrumental effects on the obgervations, each experimental spectrum is cor-
rected for the effect of gating the transmitier and sampling the output of a receiver containing
a bank of matched filters. This causes the Doppler-broadened power spectrum of the medium

W(w) to be convolved with a function
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. 2 sm xT
jx) = 2[4 - )) (4)
7Tx
where x = w —w' in which ' is th angula frequency at wh he power is observed and T is
P PR e ISR S | S ™o . ~ A I P e s e b m ] e adkman o m T P P ]
LHe jJuJ.::b‘ 1< lgul (1 IIlHeC ). 10 remove II] 1ECL, g EXPperiileiiial SpeCuid afe rfuullcl ofaus-
formed and the result is divided by the Fourier transform of Eg. (4) namely,

sy =11 - LILp (5)

which is simply a triangular weight function. Since Eg. (5) tends to zerc at v — T, it is impor-
tant to limit the range of 7 values over which a match is sought between the measured and
theoretical autoceorrelation Iunctions.40

A second instrumental effect ig the limited range of frequencies sampled by the filter bank
(£#11.5 kliz). This imposes a further weighting of the measured spectra. This cannot be re-
moved and hence it was necessary to weight the theoretical autocorrelation functions {0 repro-
duce the same effect. This was accomplished by interpolating the calculated autocorrelation
functions (at 40-psec intervals) by parabolic interpolation to achieve points every % usec. This
function then was Fourier transformed, weighted over the frequency range of filter bank by 2

weight wi(f),
wif) = ¢ —12 £ f<g +12 kHz
=0 elsewhere

and then transformed back to an autocorrelation function, ‘tThe use of points every 5 usec was
deemed necessary to avoid aliasing when the ion temperature becomes much larger than the
nominal value of 800°K, causing the time interval between the pointg of the function to he
reduced.40

The computer search involves selecting an initial best guess of T;, '[‘e/’I‘i, H*’/Ne, and o
Various approaches to selecting this initial best guess have been tried such as using the results
from the previous lower height. However, it seems best to use the results of the ANALYSIS
reduction for Te and Ti and set H+/Ne = 0. The value of a'z can be calculated [via Eg. (3)] and
in selecting the appropriate value of Ne from the ANALYSIS profile, allowance is made for the
difference {~25 km) between the nominal and weighted mean height to be associated with each
spectrum. Having obtained this estimate {(e.g., a-iz), a search is conducted for a match between
the measured (corrected) autocorrelation function and any of the set calculated for the value of
az closest to af. The selected autocorrelation function is expanded to first order in a Taylor's
expansion to allow calculation in the intervals between I]+/Ne and T‘e/Ti grid points and a linear
least squares fit is performed to minimize the weighted sum of the differences between the mea-
sured (corrected) autocorrelation function and the theoretical one. This is carried out at seven
points spaced at T = 41.66 psec (1000/24 psec) apart. The weights are chosen to reflect the
variation of signal-to-noise ratio in the measurements.40 This process is repeated to optimize
the estimate of T..

After a solutmn has been obtamed the revised value of l‘ is used in Eq. i3) to recalculate
az. If the value so obtained (e.g., 0’2 ) now is closer to another set within the library, the )
search is conducted again. The entire process is stopped after 15 iterations or whenever oL
has not changed sufficiently to alter the best library set to use. Values of ot greater than 0.6
are encountered and for these cases, a® = 0.6 library is used, and the results are flagged on

the printout.
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C. Accuracy

It is difficult to assign an experimental accuracy to the el percentage values based solely
on an analysis of the accuracy of the experimental spectrum measurements. Some confidence
in the incoherent scatter values can be gained by examining them for consistency both with re-

6-9 are particularly useful for such analyses. Ii

spect to altitude and time. The "drifts" data
is found that some fraction of the estimates are.outside the range of likely values, and these
points also are associated with improbable values of Te' T., and/or T /T1 suggesting that a
poor solution {(i.e., the fit between the theoreti
is thought that these usually are cases where the experimental spectra simply are too noisy to
provide reliable results and/or suffer from one or more particularly bad peints. Eliminating
such cases, it typically is found that the root-mean-square scatter of successive estimates of
H /N at a given height is of the order of #30 percent.

Compamson has been made with H /N ratios measured using the mass spectrometer on
ISIS II at 1400-km altztude on a few occasions in 1972 when there was a pass of the satellite
to the east or west of Millstone while the radar also was in operation (John Hoffman, private
communication}. Since there usually was a significant difference in the longitudes of the satel-
lite and Millstone, the two data sets were compared by selecting the value for the percentage
of H+ provided by the satellite as it crossed the dip latitude (57°) of Millstone Hill, The Mill-
stone values at the same local time then were chosen and an attempt made to combine the two
into a single plot. Examples are provided in Figs. 28(a-b), where the broken curves are in-
tended simply to suggest that it is possible to connect the two data sets by a reasonable and con-
tinuous curve. The incoherent scatter measurement error bars in this plot have been set eqgual
to *30 percent.

The 15IS results provided estimates of H+, He+, and O"L and appear to show that for the dip
latitude of Millstone, He+ always remains a minor icn so that its neglect in the interpretation

of the incoherent scatter results can be justified — at least as a first approximation.

D. Results

For the present study, eleven days in 1972 were analyzed. They were:

25-26 January 12-13 July
23-24 February 7-8 August
9-10 May 6-7 September
30-31 May 15-16 November
13-14 June 6-7 December

30 June -1 July

The diurnal variation of H* percentage at the highest altitude for which reliable estimates
could be obtained {usually 825-km nominal altitude for which the effective weighted height of the
pulse lies near 800 km) is shown in Figs. 29(a-k). Where the density at this height exceeded
50 percent, results for the next lowest height are given.

The diurnal variation of the H* percentage concentration at a single altitude for four days

in 1969 were published previously.18'19

A marked difference in abundance appeared to exist
between summer and winter days with the latter exhibiting higher abundances. This difference
was attributed to the annual variation in the mean exospheric temperature.43 During the day-

. +
time, the H percentage at 800 km was found to be quite small — usually <1 percent. Beginning
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just before midnight, it usually increased, reaching a maximum just before ionospheric sunrise.
During 1969, this peak value typically was €10 percent in summer and in the range 10 to 30 per-
cent in winter at 800 km, These small values of H' percentage made it difficult to construct
* g
* flux at Millstone was upward both by day and by night except for perhaps a few hours prior
to sunrise on some winter nights.
In an effort to test this conclusion, additional days in 1972 and 1973 were analyzed, with

dance to be larger,
provide examples of the winter and summer behavior in 1972.

It is clear that as sunspot minimum is approached, 1arger amounts of H' can be detected
over Millstone at 800-km altitude. In 19
small throughout the night and hence it appears that the flux was still upward at all times. By
contrast, in winter, a period when the flux ig downward clearly can be identified that persists

between midnight and ionespheric sunrise (Sec. F).

E. H' Concentration Profiles

By combining the percentage of H' estimates with the electron density profile (deduced

separately), it is possible to construct a profile of H+ vs altitude. Iigure 30 provides such a
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Fig.30. Example of the daytime altitude varigtions of N, NH'}, O ion velocity,
T;, and T, observed over Miilstone Hill in 1972.
plot constructed using daia gathered over a 2-hour intervai near noon on 30 Jjune 1972. In these
measurements, the plasma drift in the N-3 magnetic meridia plane was measured using the

smaller L-band steerable radar system, allowing the ion velocity to be resolved into components
along and perpendicular to the magnetic field. In Fig. 30, the parallel component is plotted and
exhibits the usual transition from downward to upward O" flux above about 500 km. Also shown

i

in Fig. 30 are the electron and ion temperatures. Where plotted, the error bars indicate the
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The H' profile exhibits a peak value near 600 to 700 km that is a characteristic of the vari-
ation expected when the flux is upward and cloge to its limiting value (cf. Sec. F). This behavior
appears to prevail over Millstone during the daytime in all seasons and over most of the sunspot
cycle. (We have not examined yet the behavior at exactly sunspot mini i
that whenever the flux is upward (as it always is in the daytime), it is close to its limiting value.

Examples of the behavior found at night are shown in Figs. 31(a-b). The results plotted in
Fig. 31{a) are typical of winter night conditions. The H%—/OJr transition altitude on this occasion
appears to be near 650 km, and hence the HT flux is almos i i
value that cannot reliably be estirnated from the H+ abundance curve alone.

Some idea of the arriving flux can be gathered from the o' vertical velocity results. In
this instance, the velocity is not constant at all altitudes as would be expected if the layer simply
were descending. Instead, the values between 400 and 600 km suggest that th
flux of O+ ions of 2.1 % 108 ions/cmz/sec that is independent of altitude. The constancy of the
flux implies that these ions were created by charge exchange with H' ions at some greater height.

Some contribution to this value may be caused by any descent of the layer, but probably this will

be small. Thus, the arriving H+ flux at this tin
8. .
2 %10 1ons/cm2/sec.
. . - . +
In Fig. 31(b), we show an example of the summer night behavior. In this case, the I con-

centration exhibits a peak near 650 xm and then declines suggesting that the flux is upward. This

e e mm o lmmcam o owrs lae
1e appears io have a value
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the O flux is positive with a value of about 1.2 x 10% 1ons/cm2/sec. This would appear to be a
. + . ‘
lower limit on the H' flux escaping as the layer as the whole appears to be descending (based

on the velocity measurements obtained near the layer peak). If it is assumed that the velocity
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observed near the layer peak is the best estimate of the downward velocity of
whole, then the escape flux must be ~2 X 10® ions/cmz/sec. This case seems quite similar to
the behavior predicted by Bailey et a_l.46 from their time-dependent model for 2300 LT in March
1970, although the escape flux then was considerably smaller.

If the layer is decaying rapidly, then the 0" flux may everywhere be downward, even though
the H' flux is upward.?® In this case, the 0 velocity observed by the radar will everywhere be
negative. This is the more usual situation encountered at Millstone, and is illustrated in Fig. 32,
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Fig.32. More usual example of the nighttime altitude variations of N, N{H+), 0% jon velocity,

T;, and T, observed in summer. Here the HY flux is thought to be weak (see text).
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It usually is impossible to gecure useful obklique-incidence drift measurements using the
L-band radar at night and hence the observed vertical velocity cannot be resolved into compo-
nents parallel and perpendicular to the field line. The observed vertical veloeity then must be
assumed to be caused entirely by drifts parallel to the field line, and at night the scatter in these
measurements also becomes large when the signals are weak. Thus, if the Ht escape flux is
small, it may be difficult to infer its value from the vertical O" flux estimates obtained at Mill-

stone. Nevertheless, it usually can be established whether the flux indeed is upward (Sec. F).

F. H' Fluxes
Protons are creafed in the F-region by the charge-exchange reaction
ot +u=u" 10 (61

where the forward and reverse reaction rales may be found in Banks et a_l.é? 1" ions are cre-
ated [via Eq. (6)] in the daytime and diffuse upward within the flux tube in an effort to establish
a diffusive equilibrium distribution of their own. The upward H flux is limited by the fact that
the ions are created chiefly at altitudes just above the F2 peak (i.e., where the o' concentration
is large} and then must diffuse gsome considerzble distance through the neutral atomic oxygen
with a finite likelihocod of being convefted back to OF [via the reverse reaction Eq. (6}]. This

48,49

leads to the concept of a limiting escape filux which is the maximum possible upward flux

that can be sustained for a given u* production rate.

In the region where Ir-]+ is a minor icn, its concentration can be found by solving the coupled
equations of continuity and momentum for 0" and 0" and allowing for diffusion under the influence
of thermal gr‘adients.so Figure 33 illustrates the essential features of such calculations; it is
evident that the H™ concentration is guite sensitive to the value of the flux when this is upward.
In Fig. 33, the limiting or critical escape flux Ep is 1.45 x 107 ions/cmz/sec and curves of H'

concentration are shown for values of upward flux Gp =1.0, 0.9, 0.6, 0, ~1.0, and —3.0 times

i I i T

1500 -

Gpela5x 107 (cm? sec™)

1000
o+

ALTITUDE {km]

T=1230%

500 -

10N CONCENTRATION jem ™3

Fig.33. lIdealized curves of }f and OF concentration for vcrriol:pl_s valves of the HY flux.
Here the O flux is zero and Gy, is the critical escape flux for H' (after Geisler™).




this amount. It can be seen that for zero or downward fluxes, the H' concentration initially is
found to increase approximately as fast as the 0" {on density decreases — until the transition
altitude [N(O+) = N(H+)] is reached. For significant positive fluxes, however, the H+ density
increases less rapidly, thereby raising the transition altitude considerably. As the escape flux
approaches the limiting value, the H" concentration rnay exhibit a peak in the upper part of the
F-region and remain a minor ion throughout the region accessible to observations from Mill-
stone Hill (1000 km).

The cu
1230°K} and realistic altitude variations of the temperatures (Te
will modify the distribution somewhat — tending to increase the transition altitude. However,

the role of the temperature distribution is less important than the magnitude of the flux, when-

1 re ' (T_=T. =T =
n i e
p Ti -3 Tn during the daytime}

‘_.
-
o]
-]
o]
0

3
=
[1e)
]
]

irves of Fig. 33 were congtructed for an isotherma

ever this is both positive and close to its limiting value. Use can be made of this feature to
attempt to identify periods when the flux over Millstone Hill is upward.

From Fig. 33 and other more realistic calculations conducted by Banks and Kc)c:l*:ar-ts,51
Narasinga Rao and Jain,52 and others, it appears that a practical guide to the identification of
intervals when hen the transition alti-
tude <1000 km, and therefore in view of the radar. In practice, the most reliable nt {(percent)
values at Millstone appear to be obtained near 800 km, i.e., about one scale height below 1000 km.
Thus, the actual test for large downward flux has been to find periods when the H' abundance at
800 km > 20 percent. Where good resgults are obtained at higher altitudes, they appear to support
this rule.

From an inspection of the HY vs altitude and time variations, we have attempted to find the

timesg over which large arriving fluxes appear to be present. These are listed in Table IV, which

includes results obtained for 1969 and 1973. If is clear that periods of downward flux are con-
fined to winter nights near sunspot maximum, but are encountered on summer nights near sun-
spot minimum (albeit for shorter periods, as a rule, than in winter). They always end shortly

after ionospheric sunrise, and appear to begin earlier as sunspot minimum is approached.

V. DISCUSSION OF THE RESULTS FOR H' DENSITIES AND FLUXES

A, Comparison with Previous Experimental Findings

Previously, efforts to measure the concentrations of light ions in the upper part of the
F-layer and infer the presence of exchange fluxes have been made from incoherent scatter ob-
servations at Arecibo (e.g., Ho and Moorcroft53}, from in situ ion mass spectrometer measure-
ments42’54_58 and from topside electron density profiles.sg_éo

The in situ results have identified a region of very low light ion concentration that com-
mences at high latitudes and extends over the polar cap (the so-called "light ion trough"). This
phenomenon has been attributed to the continuous escape of H' ions at high latitudes at values
close to the critical flux along open field lines (sometimes called the polar-wind). Banks and
DoupnikEg have shown from topside sounder records that the region of rapid escape extends in-
side the plasmasphere in the morning sector.

Ho and Moorcroft53 have inferred the existence of very large escape fluxes (.)109 ions/
cmz/sec) over Arecibo. While these values seem overly large in the light of later evidence,
the diurnal variation they observed on one day is interesting as the flux was seen to be upward
between 2000 and 2400 LT and large and downward near sunrise. Unfortunately, the time reso-

lution of their measurements was poor and results were presented for only a single day.
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TABLE IV

PERIODS WHEN THERE APPEAR TO BE LARGE H' ARRIVING FLUXES

Year Date . Begins Ends Comment
1969 5- 6 February - ~ No data above 800 km
12-13 February 0200 0630
9-10 April - -
23-24 April - - No data above 800 km
9-10 July - - No data above 800 km
23-24 September - - No data above 800 km
20-21 November 0200 0600
1972 25-26 January 0200 0700
23~24 February - -
9-10 May - -
30-31 May - ~
13-14 June - -
30 June — 1 July - -
12-13 July - -
7- 8 August 0300 0400
6= 7 September 0200 0400
15-16 November 2200 0300
&6~ 7 December 0000 0700
1973 2~ 3 Janvary 0200 0600
13-14 February 0000 0530
22-23 May - -
18-19 July 2300 0400
14-15 August 0200 0400
16-17 October 0000 0600
13-14 November 0000 0700
112
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The most extensive study undertaken to date of the light ion distribution appears to be that
of Titberidge,60 who examined 60,000 topside electron density profiles gathered with Alouette I
near solar minimum. By fitting theoretical profiles to these, Titheridge has been akle to iden-
tify the transition altitude [N(H"L) = N(O+)] ag a function of local time and latitude. The transi-
tion heights observed then were compared with those calculated from charge-equilibrium con-
siderations (i.e., ighoring the presence of fluxes). Titheridge concluded that, within the
plasmasphere, the fluxes are downward throughout the night in winter, but in summer become
downward only briefly around sunrise. These results are summarized in Fig. 34 and are in
reasonable agreement with those reported here. They imply that for much of the night, there
is a loss of ionization from the flux tube only in the winter hemisphere as illustrated in Fig. 35.
The flux in summer hemisphere is upward tending to sustain the tube content. This allows the
flux tube to provide ionization that serves to maintain the winter night ionosphere without in-
curring large day-to-night changes in tube conient.

The Millstone observations suggest that there is a continuous variation of the flux behavior
with sunspot cycle. Downward fluxes appear for longer intervals on winter nights as sunspot
minimum ig approached. On summer nights, thé fluxes are upward throughout the night at sun-
spot maximum, but periods of downward flux are encountered prior to sunrise as sunspot mini-
mum is approached. Large day-to-day variations also occur, presumably in response to changes
in exospheric temperature and o' density.

Using the ESRO-4 satellite measurements of H' abundances during the northern hemisphere
summer of 1973, Raitt and Dorling58 also have come to the conclusion that the flux remains up-
ward at the magnetic latitude of Millstone (A = 57°) at night. They were, however, unable to

detect any period when the flux became downward (except at lower latitudes).

B. Control of the Diurnal Variations

Titheridge60 concluded that the diurnal variations of the fluxes (and hence O'f'/H+ transition
heights) are caused primarily by the production and loss of OJr in the ionosphere. We suggest,
however, that variations in the abundance of neutral atomic hydrogen and oxygen jointly exert
comparable or greater control.

When the pressure variations in the topside plasma are changing only slowly, the direction
of the H™ flux will depend primarily on the direction of the reaction Eq. (6}, i.e., on whether ut
ions are being created or lost in the F—region.éi The expectation of upward daytime fluxes and
downward nighttime fluxes, thus presupposes that the o' variations dominate and that during
each day, the protons lost during the previous night are replenished. The finding of upward
fluxes at night demonstrates that this cannot always be true. Under conditions of charge-
exchange equilibrium, the 1" ion abundance would be given by Eq. (6). The temporal variation

of H' ions then will be given by

1 eN(H') [ 1 oN(H) , 1 eN@Qh) | 1 8N(O) 7)
Ty o N(H) "ot TE et N(©) ~ ot
N v N )

i.e., the relative variation of H* with time is controlled by the relative variation in the other
three constituents, when variations in the temperature ratio Tn/Ti {which are smazll) are ne-
glected. It follows that in order to generate an upward flux at night, the percentage increase
in H together with the percentage decrease in O per unit time must exceed the percentage de-

. . + . .
crease in O per unit time.
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Fig.34. Observed O - H transition heights
at midiatitudes derived by Titheridge®® in 1976
from topside sounder profiles: (a} summer and
(b} winter. Broken lines show the altitudes com-
puted assuming no vertical fluxes. Where the
observed heights exceed those computed, the
flux is presumed to be upwoard,
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+ -
Fig.35. Directions of the H  fluxes over most parts of the day and night at solstice (northern summer).
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The diurnal variation of O+ is measured directly in our experiments, while that for atomic
oxygen can be inferred quite reliably from models of the upper atmosphere (such as the MSIS
62 .
model ") that are based upon i
for
+

H" percerntage at the level where charge-exchange equilibrium [Eq. (6)] prevails, and such mea-

itu mass-spectrometer measurements. It is possible, there-

8
e, to estimate the abundance of n

eutral hydrogen from incoherent scatter observations of the

surements have been made in France (Derieux et il_.éz’). This same experiment can be carried
S 64- )

out using in situ ion mass-spectrometer measurements of HY and 0" abundances 67 and this

approach probably has provided the most reliable estimates of neutral hydrogen to date. Addi-

LY LG ey LUe

tional measurements of neutral hydrogen abundance have been made via sateilite observations
of the UV Lyman-g airglow intensity.68_72

The hydrogen concentration derived from in situ measurements of N(H+), N(O+) and N(O),
considering charge-exchange equilibrium, exhibits an approximately ginugoidal variation with
a maximum at ~0400 LT and a minimum near ~1700 LT, with about a 3:1 diurnal variation
(Fig. 36). This variation is in marked contrast to that inferred from some of the Lyman-« air-
glow measurements, which over the interval 0100 to 0900 LT indicate a predawn depression in
N{H) followed by a rapid increase at sunrise. It is possible that the airglow measurements are

contaminated in some way b

=

more consistent with theory.

I \ R
BRINTCN AND MAYR (1971 RN
- — WMEIER AND MANGE {1573)

— — — — EXTREME THEORETICAL VALUES (Tinsiey, 1975}

NORMALIZEC DENSITY (10% e )

| J i

o =3 112 18 24

LOCAL TIME {hr}

54,70,74

Fig.36. Diurnal veriation of neutral hydrogen according to several sources.

The diurnal variation of neutral hydrogen has been the subject of a number of recent theo-
retical studies.63’73_76 It appears that a 3:1 variation is larger than expected as a result of
temperature changes alone, and may reflect the influence on the distribution breught about by
charge-exchange with O+ and thermospheric neutral winds.

According to the MSIS model,62 O and H have comparable diurnal amplitude variations at
altitudes (400 to 500 km) where charge-exchange equilibrium would be expected to prevail, but
are almost in antiphase. These variations appear to be sufficient to force Eq. (§) to proceed to

the right causing upward fluxes throughout most of the night in summer.
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In the MSIS model, N{H) reaches its maximurn near 0400 LT while N(Q) reaches its mini-
mum near 0200 LT. Thus, following about 0300 LT, the O and H variations always will act in
concert with that of O+ to cause the flux to be downward. In midsummer, sunrise occurs near
0300 and hence there may be only a short period when the flux can be expected to be downward,
but in winter when sunrise is later, there always should be a period of downward flux.

These findings serve to explain why the downward flux from the magnetosphere reaches its
maximum well after midnight, and hence the timing of the increase in the winter night {onosphere

discussed in Sec. II1-B.

C. Comparison with Theoretical Models

A number of authors have investigated the coupling between the ionosphere and protono-
sphere from theoretical considerations. In the most comprehensive treatme.ats, the ionosphere-
protonosphere has been modeled as a single unit whose time-dependent behavior has been simu-
1ated.40’46'61'77'80 To avoid a camplete solution for the behavior of the F-layer (i.e., including
production, loss, winds, and electric fields), it is convenient to adopt 2 lower boundary for the
region to be simulated near 400 km where charge-exchange equilibrium between H' and OF can
be assumed to prevail. One then may appeal to incoherent scatter measurements to establish
the O* density and temperature at the boundary and the variation of the temperature along the
field line. For this reason, a number of the above studies have been carried out to simulate the
behavior aleng the Millstone field (L. = 3.2]).

The need to adopt an upper boundary condition has forced many authors to treat only the
equinox condition when (it is assumed) behavior along the two halves of the field line are identical
and there are no interhemispheric fluxes. In the case of Millstone, this condition might never
apply totally as the conjugate point (70.7°5, 78.9°W) lies at a very high southerly latitude, where
the ionospheric conditions may differ congiderably. '

In the study conducted by Marubashi and Grebcmrsky,6i an attempt was made to avoid this
difficulty by adopting additional boundary conditions at 3600 km altitude. The flux through this
level was set equal {o the rate of change of tube content above, assuming that the distribution is
governed by static diffusive equilibrium. These calculations were conducted for sunspot maxi~
mum conditions {March 1970} and showed that upward fluxes of ~5-7 % 107 ions/cmz/sec are to
be expected during the daytime, i.e., in agreement with the observations we have reported pre-
viously.18 Marubashi and G]r-t-:-bowsl-;y61 concluded that the nighttime flux becomes downward at
sunset and increases in magnitude to a peak of ~1.5 % 108 ions/cmz/sec just prior to sunrise.

In these calculations, the atomic oxygen abundance at 500 km was taken from the CIRA 1972
model and the diurnal variation of nentral hydrogen was modeled on the regults of Brinton and
I\f[ayr'.()4 These variations, however, were not large enough to offset the diurnal variation in OJr
and thereby maintain the flux upward in the evening hours. This suggests that the competing
effects of the variations in O+, O, and H ai the lower boundary make it quite difficult to model
the coupling between the ionosphere and protonosphere unless very precise values are available.
in contrast to that study, Bailey et g}_.46 have found that upward fluxes of H' can persist into the

evening hours at Millstone based upon calculations employing different lower boundary values.
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DATE

2o=262JANs 1972
25=8b6r JANS 15972
25=26sJAN, 1972
2526 AN, 1972
25226, JANs 1972
25-26, JAN, 1972

GOF AN LS L
2526, JANS 1972
26=271JAN, 1572
26274 JAN, 1972
26=274 AN, 1972
26~R71JANS 1972
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26=271JAN» 1972
23-24,FEB,1972
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23-24,FEB,1972
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06~071MAR, 1972
06«07, MAR, 1872
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CS=10,MAR, 1972
05=10,MAR,1872
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09=10sMAR, 1372
Qg=10,MAR, 1972
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1718, MAR, 1972

17-182MAR, 1972
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FLECTRON TEMPERATURE
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VERTICAL I8N CRIFT
ELECTRON TEMPERATURE
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I8N TEMPERATLRE
YERTICAL 106K DRIFT
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YERTIr AL TAy MOTET
FON ) IR LWy Wi

ELECTREN TEMPERATURE
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L/LHF
L AUHF
L/UHF
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L/UHF
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STATS
STATS
STATS
RETIAS
REYIAS
RETIAS

BrTIa
RETaAY

RETIAS

RETIAS
RETIAS
STATS
STATS
STATS
STATS
STATS
STATS
STATS

START
(EST)

1242
1242
1242
1242
242
1242
1242
11565
115S
1158
1158
115%
1155
1155
o947
0547
0947
cou7
0947
0947
Q947
1518
18186
1816
1818
0897
0957
5957

nas?
gz

0957
0957
0857
172¢
1720
172¢
1720
172¢
172¢
1720

END
(EST)

1048
1748
1745
1248
1748
1248
1748
1440
1440
144G
1440

144G

144G
144G
1153
1153
1153
1153
11562
1153
1153
&3l
0631
0631
0631
1141
1141
1141

11 44
P Y

1141
1141
1141
2341
2341
2341
2341
2341
2341
2341

TEST VALUE

«B52706E
=+ 94533E
-+ 72797E
~e25701E
~+94858¢F
-:72802E
-025710E

+52778E
~+89529E
=e7004CE
=« 26046E
-+ 89%60E
=+ 69959E
*e26027E

+53322E
=4976p5E
=+ 71946E
~124834E
-+97630E
=:71948tE
=e248863E
-« 38059E
=+ 78291EF
'17173OE
~+23727E

1S4056E
-078232E
e 74757E

- RPULTE
LS A =

=«78250E
=2 74550E
e 22469E
s 44874E
= RE782E
s 78744E
=+ 25864E
-058419E
~+756463E
=+25893E

ol
G3
03
23
03
03
53
c1
c3
G3
o3
03
03
03
ol
03
03
03
03
o3
03
01
c3
03
G3
01
C3
c3
c3
23
03
03
01
3
c3
63
23
03
3

KDAT

101
203
ac3
1601
223
393
1691
101
203
303
1061
293
393
1091
101
203
303
1001
293

2919
pep= g

1081
101
203
303

1001
101
203
303

10014
&Y

293
393
1091
01
204
3p3
1001
233
323
1921

FIT NO.

720250
720250
72C250
72¢25¢
720250
720280
72485¢
720260
72C2&6C
725260
720260
720260
72260
72C260
72054C
720540
720540
720540
720540

TorBAM
rEGORY

720548
720660
72066C
72C660
720665
72069C
726690
72069¢C
720690
720650
72069C
720630
720770
72¢077C
720770
72¢77¢C
720770
72c770
72770



Per

DATE

23=B4,MAR, 1972
2384, AR, 1972
23=34%,MAR, 1972
23-34,MAR, 1572
23~24,MaR, 1972
23-24,MAR, 1972
23-%4%,MAR, 1972
13-14,APR,1972
13=14,APR,1972
13-14,ARR,1972
13=14,APR,1972
13=144APRS 1572
13-14,APR,1972
13~14,4PR,1972
26=27,APR, 1972
267271 APR, 1972
2627, APR» 1972
26=87,APR, 1572
26=27,4PR,1972
2627, APRS L1972
26=274APR, 1972
09=1C,MAY, 1972
Go=10,MAY, 4572
09=10sMAY» 1872
09=10sMAY, 1572
Co=10,MAY, 1972
09=10sMAYS1972

NOm1n.MAY . 1972

(PR RO SUT R I

25=26,MAY, 1972
25+26,MAY, 1972
PS=26,MAYL 1972
25=86:MAY, 1972
£o=26,MAY,15872
2S=26,MAYS1972
Po=RBhsMAY 1972
30-31,MAY, 1972
30-31,MAY, 1972
30-31,MAY»1972
30=31.MaYs1972
30=31,MAY, 1972
30=31,MAY,1972
30°31,MAY. 1972
08=09, JUN,1972
0B»G5,JUNS1972
08«09, UN,1972

INSCON

TYPE

PENSITY
ELECTRON TEMPERATURE
10N TEMPERATURE
VERTICAL ION CRIFT
ELECTRAN TEMPERATURE
1ON TEMPERATURE
VEBTICAL ION ORIFT
BENS]TY

ELECTRON TEMPERATURE
16N TEMPERATULRE
VERTICAL I8N CRIFT
ELECTRON TEMPERATURE
10N TEMPERATURE
VERTICAL I8N DRIFT
DENSITY

ELECTRON TEMPERATURE
19N TEMPEBATURE
YERTICAL I@N CR

el CrTDmAay, YEMBED A
GLECL INRVIN TRhrgiMA

18N TEMPERATURE
YERTICAL ION CRIFT
DENSITY

ELECTRON TEMPERATURE
10N TEMPEBATURE
NERTICAL 1GN DRIFT
ELECTRON TEMPERATURE
{ON TEMPERATURE
VERTICAL ION DRIFT
DENSITY

ELECTRON TEMPERATURE
JON TEMPERATLRE
YERTICAL 1ON DRIFT
ELECTRON TEMPERATURE
IBN TEMPERATURE
VERTICAL ION DRIFT
PENSITY

ELECTRON TEMPERATURE
[ON TEMPERATURE
VERTICAL I8N DRIFT
ELECTRON TEMPERATURE
I9N TEMPERATURE
VERTICAL 1QN DRIF
DENSITY

ELECTRON TEMPERATURE
10N TEMPERATURE

NI~
WL

FT
T

-+
i

SUMMARY . 01, JAN, 1979 (Continued)

L/UHF
L/UHF
L/URF
L/LURHF
L/UKHF
L/UHF
L/UHF
STATS
STATS
STATS
STATS
STATS
STATS
STATS
RETIAS
RETIAS
RETIAS
RETIAS

RCOTTAC
N 1IAD

RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
STATS
STATS
STATS
STATS
STATS
STATS
STATS
L/URF
L/ UKF
L/UKF
L/UHF
L/UHF
L/UKRF
L/URF
STATS
STATS
STATS

START
(EST)

1619
15619
1619

1619
1619

1619
1613
eill
21ill
2ill
2111
2111
2111
2111
1604
16C4
1604
16Q4
1604
1604
1604
1231
1231
1231
1231
1231
1231

1231

-y

1136
1136
1136
1136
1136
1136
1136
0922
Q922
c922
922
o922
ggae
ggee
1023
1623
1083

END
(EST)

i610G
1¢10
161G
161¢C
161G
1610
1610
0558
05589
0959
0hED
0559
5559
0559
1701
17¢1
1701
17¢1
1708
i701
17¢1
1314
1314
1314
1314
1314
1314
1314
13¢c3
1303
13¢3
1303
1303
1303
1303
101%
1015
1019
101%
10615
1015
1015
1714
174
1714

TEST VALUE

+50609E
»190862E
~s 74096E
~26377E
~+90832E
*s 74QPLE
~e26416E
~+30205BE
~e§9928E
=+ £5812E
=125724E
‘nﬁ97ﬂ0E
~e65660E
~+25702E

V57314E
=« 10056E
~«73898E
=-e27774E

egt0iN,. Al
SerlvugTo

=+ 73778E
e P27 782E

«54065E
'ollESSE
!.765i7E
=« 28894EF
«.11231F
- 76424E
=+289054E

+53280E
-+11286E
=+73123L
‘029003E
-+1i3p2E
=+73194E
=+ 2R994E
=+53907E
~+310966E
=.70211E
“s27415E
=+10962E
= 6998RE
=e27410E
54471 E
=«10252E
=e73511E

Ll
03
03
03
03
03
03
c1
03
03

KDAT
iol
203
303
1001
293
393
1691
1ol
203
303
101
293
393
1091

" 101

203
303
1001

2aa
=73

393
1091
iol
203
303
1001
293
393
1091
104
203
303
1p01
293
393
1091
101
203
303
1001
293
393

L.t ~Kl
1VAd

101
203
303

FIT NO.
720830
72C830
720830
720830
720830
720830
72¢830
721640
721040
721040
721040
721040
721040
721040
721170
721170
721170
721170

221470
PN

721170
721170
721300
721300
721300
721300
721300
721300
721300
721460
721460¢
721460
721460
721460
721460
721460
72151¢C
721510
721510
721510
721810
721510
72151C
72160C
7216C0
721600



aZF

DATE

C8=09,JUN»1872
08=09,JUN» 1572
08-09,JUNL 1972
08~09,JuUNs1972
13=14,0UNa1972
13=14,JUNs1972
13=14,JuyNa1972
13=14%,JUNR 1372
13-14,JUN,1972
13~14,UNe 13872
13=14,JUNs1972
2829, JUN, 1972
28+32,JUN, 1972
28~29sJUNS 1972
28«23,J UN,1972
28~29,JUN,s 1972
28+39,JUN, 15972
28~8%sJUN, 1972
3CJUN=CLJLL, 1872
F0JUN=QL UL 1872
30JUNCLULLS1872
30JUNPDLJLL L1872
30JUN=CLJul #1972
30JUN-C1JLLs 1972
30JUN=0LyLLs 1972
10=11,JUL,1972
io=11,JUL,1372
10=11,JUL,1872
10=11,JUL #1972
10-11.,JUL,1972
10=11,JUL,1972
1o-11,9uL,1972
12=-13,0UL,1972
12-13,00L.1372
12-13,0ULs1972
12=-13,0UL,1972
1g-13,uuL,1972
26=87,)JL,1972
26«27,JUlLs1972
26-37,JUL,1972
26-27, 4, 1972
26=87,4UL41972
26-27,JULs1972
26=27,.UL21372
07-08,AUG,1972

INSCON

TYPE

VERTICAL ION DRIFT
ELECTRON TEMPERATURE
ION TEMPERATURE
VERTICAL IaNn DRIFT
DENSITY

ELECTRON TEMPERATURE
I8N TEMPERATURE
VERTICAL 1ON CRIFT
ELECTRON TEMPERATURE
10N TEMPERATURE
VERTICAL IGN DRIFT
PENSITY

ELECTRON TEMPERATYRE
IBN TEMPERATURE
VERTICAL [ON DRIFT
ELECTRON TEMPERATURE
IGN TEMPERATURE
VERTICAL IBN DRIFT
DENSLTY

ELECTRSN TEMPERATURE
ION TEMPERATURE
YERTICAL JON DRIFT
ELECTRON TEMPERATURE
10N TEMFERATURE
VERTICAL ITuN DRIFT
DENSITY

ELECTRION TEMPERATURE
19N TEMPERATURE
YERTICAL ISN DRIFT
ELECTREN TEMPERATURE
16N TEMPERATURE
VERTICAL I1ON DRIFT
DENSITY

ELECTRON TEMPERATURE
10N TEMPERATURE
ELECTRON TEMPERATURE
ION TEMFERATURE
DENSITY

ELECTRON TEMPERATURE
1ON TEMPERATURE
VERTICAL 10N CRIFT
ELECTRON TEMPERATURE
1ON TEMPERATURE
YERTICAL lON CRIFT
EENSITY

SUMMARY , 01, JAN, 1979 (Continued)

STATS
STATS
STATS
STATS
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
L/UHF
L/UHF
L/UHF
L/UHF
LsurF
L/URF
L/LHF
L/LHF
L/UHF
L/ GUHF
L/LHF
L/UHF
L/UHF
L/UHF
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
RETiIAS
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
L/uHF
L/LHF
L/UHF
L/UHF
L/UHF
L/LHF
L/LHF
RETIAS

START
(EST)

1023
1023
1023
1023
o914
0914
0914
914
0914
0914
0914
1036
1036
1036
1036
1036
1036
1036
1148
1148
1148
1148
1148
1148
1148
1208
1208
1208
1208
1208
1208
1208
D840
0840
N84
0840
0840
1029
1029
1029
10279
1029
1029
1029
;929

END
(EST)

1714
1714
1714
1714
1056
1056
1556
1¢%56
1056
1056
1056
0505
0505
0505
Q%05
0565
0505
Q5C5
12¢C3
1203
12¢3
1203
1203
1203
1203
1821
1921
1921
1921
19214
1921
i9g1
1034
1034
1034
1034
1034
1409
1409
1499
1409
1499
1405
1409
1106

TEST VALUE

=+ 23595E
=e10252E
=e73344E
" 23606E
~+B45614E
-+ 89208E
=+70065E
=+28107E
-+ 89161E
e 69914E
=+ 2B095E
=«53018E
=+11319E
-« 70268E
=«31155EF
~+113¢8E
=+ 700%1E
=s+31152E

154613E
=+11674E
s 72147E
=+27917E
=+11671E
~e72129E
=y27919E
=y SA0S4E
=+1150p9E
»+73532E
'.27354E
-e11542E
«+73510E
=s27230E
=+52426E
-+ 98585E

=e62273E ¢

»+98077E
=e1533E
“e543C4HE
=+ 11483E
=e72707E
-e27342E
=s1ly77E
'0726176
= 27354E
=+53095E

03
04
03
03
o1
03
03
c3
a3
o3
c3
Gl
o4
03
03
04
03
03
Gl
O4
G3

03

KDAT

i001
293
333
1031
101
2C3
303
1c01
293
323
1091
1ol
203
303
1001
293
393
1091
iol
203
303
1001
293
393
1091
o1
203
363
1001
293
393
10381
icl
2G3
303
293
393
101
203
303

[EeYe k!
PRV

293
393
1031
101

FIT NO.

721600
721600
721600
721600
72165¢
721650
721650
72165¢
72166C
72166C
721660
721800
721806
721800
721800
7218C0
721800
7218060
721820
721826
721820
72182¢
721820
721820
721820
721910
721910
721910
72191¢
72191¢C
72191¢
721910
721940
721940
721940
724940
72194¢
722080
72280
722080

ra-1-Ta%: 1)
foauay

722080
722080
722C80
722200
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~ AT

UAILLE

07-08,AUG,1972
C7+08,AUG, 1972
07=08,AUG,19372
07-08,4UG,13972
C7=Q8,AUG,1972
C7=08,AUG» 1972
06=07,5EP,1972
C6=-07,5EP, 15972
06=R715EP, 1972
C6=-Q7,8EP,1572
06~Q728EPL1972
06=07,5EP,1972
CerQ7,5EP, 1972
12=13,5Ep,1972
12-13,5EP,1972
12=-13,8EP,1972
12=13,8EP,1972
12+13,S8EP,1972
12~13,8tEP,1972
12~13,8EP,1972
C3~04,0L07,1972
C3~04,0CT,1972
03~04,0CT.1972
03~04%,007,1972
C3-04,0CT,1972
C3+~Q4,0CT,1872
C3~04,0CT,1972
15+=16,N08v,1972
15=16,N0V,1972
15=16,N0V,1872
15=16,h0V,1972
15~16,N0V,13872
15-164N0V,1972
15=16,N0v,1972
C6=07:0ECa1972
G6=Q7.0EC.1872
06-07,CEC,1972
06=0Q7,0ECs1972
C6-07,DEC,1972
06-Q7sCEC,1972
Cé=07,CEC, 1872

INSCON SUMMARY. 01, JAN, 1979 (Continved)

Twvwor
PFTre

ELECTRON TEMPERATLRE
19N TEMPERATURE
VERTICAL ION DRIFT
ELECTRON TEMPERATURE
[ON TEMPERATLRE
VERTICAL IGN ORIFT
CENSITY

ELECTRON TEMPERATLRE
JON TEMPERATURE
VERTICAL I1ON CRIFT
ELECTRON TEMFERATURE
10N TEMPERATURE

-VERTICAL Ien CRIFT

CENSITY

ELECTRON TEMPERATURE
IEN TEMPERATURE
YERTICAL [OBN CORIFT
ELECTRIN TEMPERATURE
16N TEMPERATURE
VERTICAL 10N CRILFT
DENSITY

ELECTRON TEMPERATUREL
10N TEMPERATURE
VERTICAL 10N DRIFT
ELECTRON TEMPERATURE
IQE TEMPEBATUEE
VERTICAL [ON CRIFT
CENSITY

ELECTRON TEMPERATURL
108 TEMPERATURE
VERTICAL 10N DRIFT
ELECTREN TEMPERATURE
JON TEMFERATLRE
YERTICAL JON DRIFT
GENSITY

[AR R ol ZEF_ 2N Ty ati.Cr
Chtio iU JRFFCRA [URL

10N TEMPERATURE
VERTICAL Ton CRIFT
ELECTRON TEMPERATURE
[ON TEMPERATURE
VERTICAL TON CRIFT

RETL1AS
RETIAS
RETIAS
RETLIAS
RETIAS
RETIAS
L/UHF
L/ UHF
L/ UHF
L/ UNHF
L/ UHF
/UHF
L/ UHF
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
RETIAS
RET]AS
RETIAS
RETIAS
RET1AS
RETIAS
L/UHF
L/UHF
L/UHF
L/UHF
L/LURF.
L/UHF
b/ LHF
L/LHF
L/URF
L/UHF
L/UHF
L/LHF
L/UHF
LALHF

START

{ECTY
\LJiy

0923
0928
0929
Q923
ps29
092%
1011
1011
1011
1011
101t
1011
1¢11
;819
GRLY
c813
o819
2819
0819
;819
089
0809
Q809
0809
n809
3809
080%
uge8
0928
0528
o828
(328
0S28
5928
u929
3929
592%
ode9
0929
0929
%29

END

fECTY
\ES1}

1106
1106
110e
1106
11p€
11Ce
151
12%1
1251
1251
1251
1251
1251
1043
1043
1c43
1c43
1043
1043
1043
11c8
1108
1108
1108
11c8
1108
1i08
1632
1632
1632
1632
1632
1632
1632
1603
16C3
1633
1603
1663
1F03
1603

TEST VAL
- 11237E
~e 74026E
=s26739E
=e11233E
-173890E
~e26764E

«53781E
-+113p5E
-274688E
= 25270E
=+1l299E
s 7466 1E
-«25286E
=153974E
~e78833E
=1 699R9E
~+253¢5E
=« 78830E
-«692861E
-+ 2529%E
-053208E
=+ 10054E
=2 74985E
~+32849E
=+ 1005 1E
-+ 74835E
=+ 32397C

r43251E
= 77187E
-+ 62382E
=+ 25933E

«28773E
-+ 6CH1RE
-+259655
-+58995L

-sQREACE
A=l I g 1

e 54083
=+ 22533E
-+88086E
«543p4E
+30370E

303
1001
293
393
1051
101
203
303
1201
293
393
1091
101
203
303
1001
293
393
10391

722500
722500
722500
722860
72256C
722560
72256¢
722560
722560
72286¢C
722770
72277C
722776
72277C
7228770
72277¢
7eeric
723200
72320C
723200
723200
723200
7232060
7232CC
723410
7234%1¢G
723410
7234%10
723410
723410
72341¢C
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