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THE BALLAD OF SITE 522

Deep dusk, falling on aluminum struts, and stark

Butler Building white,
What bringeth the children of the farm to greenline

stare and while away this night?
Ionosphere 'tis said, and in its incoherence, doth we

scatter Hertz for some shadow of what might be.
Aided are we by XDS in whose computer's restless guts -

whirl countless hysteresis loops
Counting, weighting, autocorrelating, jumping through

the Fourierian hoops.
All this we do, and hoping that when our time is come

to pass beyond ionosphere and sun --

Lord Rayleigh, Hertz, and Maxwell too, will receive

and say, "Well Done!"

H. D. Olson
8/18/70
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ABSTRACT

This report describes the ionospheric studies performed between

June 1969 and May 1970 using the DASA Project 617 incoherent-scatter

radar. During this time period, significant improvements were made in

the radar Istem to allow nearly real-time processing of the data and

to increase the accuracy, time resolution, and altitude extent of the

measurements. The 1970 measurements presented here are the first to be

made using the new system.

The daytime F-layer over Palo Alto between 1967 and 1969 was studied

to determine (1) its seasonal behavior, (2) its day-to-day variations,

and (3) its correlation with solar geophysical indices. Continuous

48-hour data runs were made in 1969-1970 and were used to study the

ionosphere's diurnal behavior as well as its seasonal behavior during

the sunrise and sunset periods. A new type of measurement, the determina-

tion of ionospheric vertical velocities, was made for the first time in

1970. Increased upward velocities during the sunrise period were found

to exist. Observations of the F-layer during two partial solar eclipses

were made and are reported.

1
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I INTRODUCTION

The incoherent-scatter technique has made possible the measurement

of ionospheric electron densities and electron and ion temperatures using

a single ground-based radar system. Beginning in 1964, Stanford Research

Institute designed, constructed, and operated an incoherent-scatter radar

for the Defense Atomic Support Agency (DASA) in order to (i) develop the j
techniques for operating such a radar in an ionospheric environment that

has been highly disturbed by a nuclear detonation, (2) improve the radar

system, and (3) conduct ionospheric researches on the natural ionosphere.

During the past twelve months, the objectives of this project have

been to implement a program of equipmental and operational improvements

to the radar. Specifically the project efforts during the last half 'f

1969 and first quarter of 1970 have been directed toward the following: j
(1) Implementing computer programs and procedures to speed up I

and automate data processing and data analysis.

(2) Implementing a digital autocorre. ator to enable spectral

analysis to be performed in (nearly) real time. i
(3) Conducting ionospheric studies using the incoherent-scatter

technique for the purpose of better understanding ionospheric

phenomena.

(4) Planning the move of the radar to the auroral zone.

(5) Maintaining a current awareness in the progress of the
incoherent-scatter technique so that maximum usefulness of

this technique for DASA's purposes will be realized.

1J
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This report, Final Report--Part B, describes the results of the work i
performed to satisfy Objective 3. A separate report, Final Report--Part A,

describes the work performed under Objectives 1 and 2. The work performed

under Objective 4 resulted in a proposal entitled "DASA Project 617-Radar

Relocation," which was submitted to DASA in early March 1970. Objective 5

is applicable to all other objectives of this project and its achievement i
is evidenced by the improvement and results described in both Part A and

in Part B of this Final Report.

The plasma physics theory governing incoherent scattering of radio
* 1

waves from the ionosphere is well described in the literature1 , ,a and

will not be repeated here. The details of the radar equipment and the

measurement technique used by the Project 617 radar have also been de- I

scribed.4 '5 '6 '7 Table I below briefly summarizes the radar parameters

used for the bulk of the measurements described in this report.

Table I

DASA RADAR PARAMETERS

Transmit frequency 1390 MHz

Peak transmit power 4 MW

Average transmit power 110 kV

Polarization Circular

Antenna effective aperture 180 m2

Antenna gain 47.1 dB0

System noise temperature 110 K

Pulse length 360 bIs

Receiver bandwidth (IF channel) 50 kHz

Receiver bandwidth (video channel) 32 klilz

References are listed at the end of the report.
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Section II of this report presents the results of a two-year study

of F-layer temperatures. Data for this study were collected with the

Project 617 radar from autumn 1967 to early 1969. The behavior of var-

ious daytime F-layer parameters, and correlation of these parameters with

several geomagnetic and solar disturbance indices is discussed. The data

used for this study were all taken prior to the installation of the new

processing system installed late in 1969.

Section III describes the F-layer data collected between June 1969

and May 1970. During this time period, measurements were made in 48-

hour continuous blocks, once per month. Between September 1969 and

January 1970, the new processing system was being installed at the radar

and no data were taken. The results presented for February, March, April,

and May 1970, represent data taken and processed using the new system and

are of considerably higher quality than the earlier data. Data taken in

1968-1969 are used in combination with the 1969-1970 data to study the

seasonal variations of ionospheric parameters.

Section IV of this report describes the results of a new measur;..ent--

the determination of vertical drifts in the ionosphere. Vertical velocity

determinations have only been practical with our radar since the comple-

tion of the new processiig system in February 1970. Particular attention

in this study is directed toward the sunrise behavior of the vertical mo-

tions.

Section V presents the data collected during two partial solar

eclipses--one on 11 September 1969, in which the sun was about 70 percent

obscured, and one on 7 March 1970, in which the sun was less than 30 per-

cent obscured.

3

------ ~---~-



fa 4

BLANK

'"MILL



U

II 1967-1969 DAYTIME F-IAYER TEMPERATURE STUDY

A. Introduction

This section presents the results of a two-year study of the

daytime F-layer over Palo Alto, California (37'25'N, 122'10'W), by

means of incoherent scatter. Routine biweekly operations were begun

in the autumn of 1967, transmitter problems interrupted operations

from November 1967 through May 1968. From June 1968 through February

1969, routine triweekly observations were made. All soundings were

made at vertical incidence.

A preliminary report based on the reduction of about half of the

data was presented by Bates and Baron.9 The purpose of this section

is to present the final results now that the data reduction has been

completed.

B. Equipment and Operations

The SRI incoherent-scatter radar is a monostatic pulsed system

whose parameters have been given in Table I. For the 1967 to 1969

measurements, the receiving-system noise temperature was about 1700K.

An XDS 930 computer is used to record and reduce the data.

For routine observations, the system operated continuously about

eight hours per day for five consecutive days. In all, about sixty days

of soundings were made. Fifteen minutes of undetected IF signals were

analog-recorded once per hour for spectral analysis; approximately

450 hourly density and temperature profiles were obtained. Observations

were made on consecutive days to uncover day-to-day variations, since

Preceding page blank
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it was felt that not enough was known of this aspect of the behavior

of the F-1,yer.

The method of computing and interpreting spectra to yield tempera-

tures has been described in previous reports. ,  The undetected IF

signal was range-gated at 50-km intervals betwean 200 and 550 km and

also at about 900 km. Twenty digital samples were taken from each

range gate. The autocorrelation function was computed from these

samples and Fourier transformation of the autocorrelation function

gave the power spectrum. The eight spectra obtained between 200 and j
550 km contained the noise spectrum plus the incoherent scatter spectrum, z

while the spectrum obtained at 900 km contained only noise. Since the

noise at the system input is white, the noise spectrum represents a

measure of the transfer gain of the system. Incoherent scatter spectra

were therefore found by dividing the noise spectrum into the signal- t

plus-noise spectra to compensate for the non-constant, system transfer | i

gain, and then subtracting unity from each value so obtained to subtract I
the noise from the signal plus noise. The two halves of each spectrum I
were added together to form an average half-spectrum.

The electron density was first computed under the assumption of

temperature equilibrium. This trial density was then punched on a card

together with the peak-to-valley ratio and bandwidth scaled from the

computed spectra. Values of elf:2tron-to-ion temperature ratio versus

ion temperature as functions of peak-to-valley ratio versus half-power

bandwidth were stored in the memory of the computer. The computer then

determined the ion temperature, electron temperature and corrected

electron density; i.e., electron density calculated on the basis of the

measured electron-to-ion temperature ratio. The final determination of

the temperatures involved an iterative procedure as described in Part A

of this report.

6



We believe that random errors in both the ion and electron tempera-

tures were less than 5 percent. However, it is possible that systematic

errors, introduced by the use of analog tape recordings and the manual

parts of the data reduction procedures could have amounted to more than

5 percent.

C. Temperature Measurements

Electron- and ion-temperature contours for representative days

between the early autumn of 1967 and February of 1969 are shown in j
Figures I through 6 along with the corresponding electron density j
contour maps. The autumn measurements were characterized by high

electron densities, high ion temperatures, and low electron temperatures.

As winter progressed, electron densities fell, electron temperatures

rose, and ion temperatures fell.

It is difficult, however, to characterize the "average" ionosphere

since two consecutive days may exhibit quite different behavior. The

I and 2 October data shown in Figure 3 is a good example of the day-

to-day variability.

To show the behavior of the F-layer at midday, the electron and

ion temperatures were averaged over three hours centered on local noon

for one day from each observing period; these are plotted in Figure 7.

Also plotted in Figure 7 are the height and electron density (in units
6 3of 10 el/cm ) at the F-layer maximum. As an aid in comparing the

various plots, the line indicating the height of the F-layer maximum

extends between 10000 and 15000 K.

The June 21 and July 22 plots present extreme rather than repre-

sentative cases observed during June and July. As noted in the previous

paper9 the electron densities and temperatures were quite variable from

day to day, and these two plots represent the extremes that we observed

7
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FIGURE 6 CONTOURS OF ELECTRON DENSITY, ELECTRON AND ION TEMPERATURES OVER
PALO ALTO--4 FEBRUARY 1969
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FIGURE 7 AVERAGE MIDDAY ION AND ELECTRON TEMPERATURE PROFILES OVER
PALO ALTO

in these variations. The July 8 data represent the average behavior

observed in the June-July 1968 soundings. Only isolated soundings

were made in August and September 1968 because of minor equipmental

problems; these show some decrease in electron temperature and an

increase in electron density from those observed in June and July. I
I

By October of bolh years, near thermal equilibrium existed between

ions and electrons in the midday F-layer. From late October through

early December 1968, thermal equilibrium existed between ions and

electrons throughout most of the midday F-layer between 250 and 500 km.
I

The winter 1968-1969 soundings were characterized by increased electron

temperatures, low ion temperatures, and decreased electron densities

from the soundings in late autumn 1968.

14
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The height of the F-layer maximum tended to be high in the summer
and low in the winter, and the converse was true for the electron density

of the maximum. The electron-temperature profiles changed grossly from

summer through winter 1968. Some of the variations can be explained,
!I

and others cannot. First, let us consider the June 21 and July 22

electron-temperature profiles (Figure 7). While they appear to be

quite different, the differences in the profiles can be explained

rather simply as the result of the inverse relationship between the

electron density and electron temperature which has been reported by

9 10 11,121
many authors. , ' I

General sense can be made from the experimental records in Figure 7

when the profiles are considered in this light. Consider first the

increase in electron temperature near 250 km in the summer and its

absence during the late autumn and winter. In the summer, the F-layer

maximum at noon was near 325 km, and the electron density at 250 km

was considerably lower than that at the maximum. Thus, the summer and

autumn increase in electron temperature near 250 km is explainable as

the consequence of the increase in electron temperature accompanying
the decrease in electron density below the F-layer maximum; this effect

is discussed by Geisler and Bowhill.'s In the winter, however, the

F-layer maximum was near 275 km, so that the electron density at 250 km

was only slightly smaller than that at the maximum. Hence, a noticeable

increase in electron temperature would not be expected at 250 km in the

late autumn and winter, but rather the increase may have existed lower

where ground clutter prevented its detection. As Geisler and Bowhill

discuss, however, the exponentially increasing atmospheric density

tends to produce thermal equilibrium between ions and electrons below

200 km; thus, there may have been no appreciable increase in the winter

electron temperature over Palo Alto below the F-layer maximum.

15
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The existence of approximate thermal equilibrium between ions and

electrons at all altitudes measured during the late autumn of 1968 was

a somewhat surprising result, Electron densities were high during

this period, but other factors, such as a seasonal variation, may also

have been involved. At this time we have too few data to form a

conclusion.

D. Correlation of Ion Temperature with Geophysical Indicators

When ion-temperature profiles obtained throughout one day at

Palo Alto are compared, the profiles usually agree from hour to hour

to within approximately ±500K. Therefore, this finding suggests that

although individual values may have large discrepancies, on the average

the values found are within 50 0 K of the true value.

Figure 8 shows the average ion temperature plotted vs. month; the

average ion temperature was found by averaging the values from 300 and

350 km over the hours 1000 through 1400 local time for each series of

measurements, usually one week in length. Unfortunately, the measurements

extend neither through the spring equinox nor midsummer, but the data

suggest a minimum near summer and winter solstices and a maximum near

the autumnal equinox.

Near 300 km, the ion temperature should be close to the neutral

temperature. Thus, since various disturbances are believed to be

accompanied by changes in the neutral temperature, the average ion

temperatures were compared in Figure 8 with the 10.7-cm solar flux S

received at Ottawa, sunspot number R, and the planetary magnetic activity

index A. Each of these indicators was averaged over the same days for
p

which the ion temperatures were averaged. Little close correspondence

is evident between ion-temperature variations and the disturbance

indicators.

16
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FIGURE 8 AVERAGE DATA PLOTTED vs. THE MONTH OF OBSERVATION

Scatter diagrams between ion temperature and disturbance indicators

were constructed to show any possible correspondence between data. The

daily value of the ion temperature averaged over 300- and 350-km heights

from 1000 to 1400 local time is plotted vs. the daily values of the

disturbance indicators in Figures 9(a), 9(b), and 9(c). Little corre-

spondence is evident.

Under the assumption that ionospheric temperatures might respond

slowly to increasing energy input from the sun, ion temperatures for

each day are compared with the average solar flux received during the

previous five days in Figure 9(d). Again, little correspondence is

evident.
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Next, the daily data were averaged over each series of observations

and plotted. These data are shown in Figure 10; with the possible

exception of planetary magnetic activity, the average data show little

common variation.

Finally, the average ion temperature found for each series of

observations is compared in Figure 11 to the disturbance indicators,

averaged over the twenty-seven days before the series of observations.

Again, there is little common trend apparent in the data.

The scatter plots did not reveal any marked correspondence between

variations in the various sets of data. During the plotting, some of

the data gave the impression that changes in the sense of one variable

were accompanied systematically by changes in the sense of the other.

To check this possibility, the sense of the change in each set of data

was correlated as follows: whenever there was an increase from one day

to the next, the value +1 was assigned, while a decrease was assigned

the value -1. These sets of data were then cross-correlated, resulting

in correlation coefficients of 0.2 or less. Since that value is an

upper limit on the magnitude of the correlation coefficient between the

18
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A

original sets of data, tile actual correlation coefficient between ion I

temperature and sunspot number, 10.7-cm solar flux, or magnetic activity 
ii

is less, further confirming our conclusion that changes in the data do

not correlate strongly.

Figures 8 through 11 show that there was little correlation between

changes in the ion temperature found at Palo Alto at the F-layer maximum,

and changes in the geophysical disturbance indicators for sunspot number,

lagnetic activity, and 10.7-cm solar flux. In particular, no correspon- I

dence is apparent between daily values, between values averaged for a

week, or between average ion temperatures and the geophysical indicators

averaged over the 27 days before the Thomson scatter observations. This

lack of correlation may be real; however, it may also be due to systematic

errors caused by the manual portions of the data reduction procedure.

During the two-year period over which measurements were made, changes in

data processing may have introduced biases into the results that masked I
any real correlation. I

E. Height of F-Iayer Maximum

The height of the F-layer maximum generally dropped from near the

400-kn level before sunrise to the 300-km 
level an hour after sunrise,

the time when the height reached its minimum value. As the day progressed,

the height of the maximum typically increased until midday, after which

it occasionally dropped slightly. The average midday summer height was

higher than the winter height, as shown in Figure 8.

The height of the F-layer maximum varied considerably from day to

day, but no correspondence was found between height changes and the

various disturbance indicators. When the sense of the change in each

variable was cross-correlated as described in the previous section,

the correlation coefficients were again found to be less than 0.2,
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indicating little correlation between the height of the F-layer maximum

and solar 10.7-cm activity, sunspot number, or magnetic activity.

Changes in sense of the height of the F-layer maximum did not

correlate with similar changes iia Che ion temperature; the correlation

coef'icient was -0.1. There appeared to be a tendency for a decrease

in layer height to be accompanied by an increase in ion temperature,

but the low correlation coefficient showed that any possible negative

correlation was weak.

F. Summary of Results

The height of the F-layer maximum over Palo Alto showed an average

decrease of roughly 50 km from summer to winter in 1968-1969. This I
effect is also seen in the 1969-1970 data discussed in the next section

of this report. Observations at Millstone Hill in 1964 showed no

seasonal variation, 14 and it is not known whether the decrease observed

at Palo Alto was seasonal or was caused by some other agent.

No correspondence was found between the various solar-geophysical

indicators and the ion temperature at a height of 300 to 350 km. In

particular, we could not confirm the result reportedi s from Arecibo

that the midday average of the ion temperature showed a strong correla-

tion with the solar 10.7-cm flux averaged over twenty-seven days- the

Palo Alto results showed almost a random correspondence between the

two sets of data. As mentioned previously, however, this lack of

correlation in our results may be a consequence of possible systematic

errors in the data processing.

A basic result of the work ..it Palo Alto was the large day-to-day

variation in height, electron density, and ion temperature of the F-layer

maximum. No correspondence was found between these parameters, or

between them and the solar-geophysical indicators. In particular, no
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correspondence was found between these F-layer parameters and planetary

magnetic activity--a disturbance indicator generally thought to cor-

relate with F-layer changes. Other investigators'6 have found that the

onset of a sudden-commencement magnetic storm was accompanied by changes

in F-layer electron density. The results, however, were reported to be

variable and dependent on the time and location of the observation.

For the data reported here, the time after storm onset was not

taken into account, and this factor may explain why the Palo Alto results

apparently do not agree with those obtained elsewhere. An examination

of individual cases, however, does not expose any strong correspondence.

During the two years of operations, only two sudden-commencement magnetic

stons began during a sounding period. On June 25, 1968, a small sudden-

commencement magnetic storm began during the early part of the sounding

period. The F-layer electron density was higher on June 25 than during

operations the previous week; it decreased by one-third on June 26,

and increased again on June 27. The height of the F-layer maximum

dropped steadily and ion temperatures decreased during this period.

Another sudden-commencement storm began on July 9 just before

midnight. Little change occurred in electron density between July 9

and 10, while the height of the maximum and the ion temperature increased.

No pattern is evident between these two observations. Perhaps the

data avaihble are insufficient to form detailed conclusions, but if a

strong relationship exists, it should have been evident in the data.

Since no such correspondence is apparent, we can only conclude that no

strong relationship exists between magnetic disturbances and F-layer

parameters over Palo Alto. Possibly a better correspondence would be

found if enough data were available so that the data could be separated

as to type of magnetic storm and analyzed carefully with respect to

stom time.

22
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This great day-to-day variability indicates that morphology studies

utilizing incoherent scatter should be based upon a week's data, rather

than on one or two days' data taken every few weeks. Such a program

is expensive to implement, but the presence of large day-to-day varia-

tions may make results of shorter-term observations unrepresentative

of average behavior.
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III 1969-1970 DIURNAL AND SEASONAL F-LAYER STUDY

A. Introduction

During the time period June 1969 t) May 1970 synoptic measurem¢;:ts

of the ionosphere were made. The radar was operated generally for a

48-hour continuous period once each month except for those months in

which the new computer equipments and the digital autocorrelator were

being installed. Table II shows the dates and times of operation during

the 1969-70 contract period.

Also shown in Table II are the following geophysical disturbance

indicators: sunspot number, R , and planetary magnetic activity in-
z

dices, A and k P . To the left of the date, the letters, Q, QQ, or D

sometimes appear. These indicate that the indicated date has been des-

ignated: (a) one of the five (QQ) or ten (Q and QQ) magnetically quiet-

est days of the month; of (b) one of the five (D) most disturbed days of

the months.

Our observing days were, in general, days of low geomagnetic activity.

The only exceptions are the three disturbed days in March during which

eclipse measurements were made and the first day of the August 48-hour run.

The 1969 data were taken using the old system, in which analog tape

recordings were made once per hour. These recordings of the receiver IF

signal were then played back for spectral analysis. From the spectra,

ion and electron temperatures were deduced and these temperatures were

then used to correct the power profile data. The power profiles were

recorded separately on digital tape and a large amount of manual data

reduction was necessary to relate the two (spectral and power profile)

Preceding page blank
25

I

I

L



Table 1I

PERIODS OF OBSERVATION, 1960-1970

Date Time (GMT) R Ek A Purposez p p

6/20/69 0700-2400 97 18- 10 1 Ai Ii

6121/69 0000-2400 84 11. 5 Synoptic Study f

QQ 6/22/69 0000-0700 56 4- 2

7/16/69 0700-2.100 75 18+ 10 ,

Q 7/17/69 0000-2400 78 8 4 Synoptic Study

Q 7/18/69 0000-0700 73 6+ 3

D 8/27/69 0700-2,00 104 24+ 21

8,/28/69 0000-2400 117 12- 6 Synoptic Study

QQ 8 /29 /69 0000-0700 143 7, 4
I

9/10/69 1700-2300 51 14+ 8 Eclipse Background

9/11/69 1645-2225 67 16,- 8 Partial Solar Eclipse

Q 9/12/69 1630-2100 73 9+ 4 Eclipse Background

2/18/70 0800-2400 143 18 9 1
2/19/70 0000-0440 120 9 4

2/19/70 1715-1830 120 9 4 Synoptic Study

2/19/70 2315-2400 120 9 4

Q 2/20/70 0000-2400 125 6- 3

D 3/06/70 1300-2200 100 29- 25 Eclipse Background

D 3/07/70 1235-2200 108 37 42 Partial Solar Eclipse

D 3/08/70 1320-1715 116 53- 149 Eclipse Background

3/18/70 0800-2400 41 13- 6

3/19/70 0000-2400 48 11- 5 Synoptic Study

Q 3,/20/70 0000-0800 93 9 4

1) 4/22/70 0800-2400 57 28 41

4/23/70 0000-2400 67 23- 1-4 Synoptic Study

4/24 /70 0000-0800 90 2-+ 16

5/19/70 0700-2400 179 13- 6 SSynoptic Study

5/20/70 0000-2300 1-49 22 13
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measurements to yield electron densities and electron and ion tempera-

tures. Thus the 1969 data use 15-minute integration periods spaced at

hourly intervals, except during the sunrise periods when analog data

were recorded at half-hour intervals.

The 1970 data were taken after the installation of the new spectral-

analysis and data-processing system described in Part A of this final

report.7 Time resolution for this data is equal to the integration time,

which was generally 15 minutes, except during some nighttime periods

where 30-minute integrations were used to improve the signal-to-noise

ratios.

The 1970 data have better time resolution and greater accuracy,

and extend over a wider altitude regime than the 1969 and earlier data.

B. Measurement Results

Figures 12 through 25 show the results -I the synoptic measurements

in the form of contour maps of the ionospheric parameters, electron den-

sity, electron temperature, and ion temperature. Each figure contains

three contour maps, one for each of the above parameters, covering a

24-hour period centered roughly around local solar noon. This presenta-

tion clearly shows the diurnal variations. The times at which the local

solar zenith angle reaches 90, 100, and 110 degrees (both during sunrise

and sunset) are indicated on the contour maps along with the time and

zenith angle at solar transit. Also shown on each contour map is hma x

the height of the F-layer maximum.

The 1969 data, essentially all summertime data, show great varia-

bility from day to day. Electron densities on successive days change by

50 to 100 percent. Large day-to-day differences in electron temperature

are also seen--differences that are related to the density changes. As

seen in earlier data (c.f., Figure IV-2 of Ref. 5), when the elect, )n
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density is increased, the thermal contact between electrons and ions is

improved and the rate at which electrons transfer heat to ions through

Coulomb collisions is much greater. Thus at altitudes and times at which

the electron density is high, the electron temperature approaches the

ion temperature. However, during the daylight hours when the electron

density is low the electron temperature is much higher than the ion

tempe rature. This inverse relationship between electron density and

temperature does not hold, of course, at night wher the solar heat source

is not present. During the night at our location the ions and electrons

are at very ne-arly equal temperatures for all months of the year.

In Figures 26 through 32, the following ionospheric parameters have

been scaled and plotted as a function of time of day for each of the

seven 48-hour runs:

(1) The maximum electron density in the F-layer tN )
max

2) The liight of the maximum electron density (h )
mlax

(3) Thle upper and lower half-thickness of the F layer.

Th,. N plots present a simple picture of increases and decreases
Max

in ionization due to electron produc.tion, loss, and redistribution.

!
The height of the maximum electron density is an indicator of ap-

parnt vertical ionospheric motions. However, it should be remembered

that thes(, motions are only apparent and may not be real. For example,

the sunrise decrease in h , which occurs at all seasons, is not a con-max ,

sequence of ionization being displaced downward, but is a consequence of

increas(d production at lower altitudes and an upward transport of ioni-

zat. ion above, the. lay,,r maximum. The vertical drift measurements discussed

iii dti i iin Sect ion IV, show clearly an upward drift of ionization

(|l'illg t1W SLU1V-l ISI' pori(;d.
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The upper and lower half-thicknvsses are measured at the altitudes

where the electron density is 80 percent of its peak value. The value

of 80 percent was used in order to facilitate comparisons with the 1968-69

data, which was scaled at the 80-percent level. This thickness parameter

is an indicator of layer shape--i.e., whether the F layer was "thin" or

"fat," whether it is symmetrical above and below the peak, and whether

or not the shape changes with time of day and season.

The times of sunrise (SR), and sunset (SS) indicated on Figures 26-32

are the times at which the solar zenith angle is 900; solar noon (SN) is

the time at which the sun is at its maximum elevation.

C. Discussion

The general behavior of the ionosphere has been discussed in previous

reports. 6' 6 The data for 1969-1970 improve upon the accuracy and time

resolution of the measurement and also provide greater altitude coverage.

In addition, this year's data are better suited for studying diurnal

variations sirce operations extended over continuous 48-hour periods.

In this report we will concentrate our discussion on seasonal be-

havior and on aspects of the ionosphere's behavior that we have not pre-

viously reported, making use of two years of data. Included are: (1) A

study of the sunrise behavior as a function of solar zenith angle and

season; (2) a study of the sunset behavior as a function of solar zenith

angle and season; (3) an extension of last year's study of the seasonal

behavior of N ; (4) layer height variations.
max

1. Sunrise Behavior

The sunrise behavior of the ionosphere is characterized by three

events: an increase in electron temperature, a decrease in the height

of the maximum electron density, and an increase in the electron density.

50
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As the solar zenith angle, X, approaches approximately 1030, a rather

abrupt increase in electron temperature, T., is seen. During the night

the electron temperature is essentially equal to the ion temperature.

As the sun rises and X decreases from 1050 to 900, the electron tempera-

ture approximately doubles. The solar zenith angle at which the rise

in electron temperature begins is independent of season, being 103 *30

for all the 1969-1970 data. This is shown by the solid line of Figure 33.

Shortly after T begins to rise, the height of the maximum
e

electron density begins to fall. This drop in h is not a consequencemax

of ionization physically moving downward, but instead is due to increased

production at lower altitudes and increased upward diffusion at altitudes

above the layer maximum. These two effects combine to cause the decrease

in h . The solar zenith angle at which h begins to fall does seem
max max

to depend on season, as shown by the dashed line in Figure 33, occurring

earlier (larger x) in the winter and early spring, and later (smaller X)

in the late spring and summer.

Following the decrease in h by 5 + 3 degree of solar zenith
max

angle, the maximum electron density N begins to increase. The zenith
max

angle at which this increase takes place seems to depend on season, in

the same way as the h variation--i.e., the increase in N is earliermax max

in winter and later in summer.

The rate at which the initial increase in density takes place de-

pends on season. Figure 34 is a plot of the post-sunrise rate of change

of N as a function of season and includes data from 1968 through 1970.
max

During the winter the density increase is rapid, with N increasing at
max

rate of 4 to 6 X 10 el/m per hour. During the summer the rate of

11 3change of N is a much more gradual--of the order of 0.8 to 2 X 10 el/m
max

per hour.
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Another interesting seasonal aspect of the sunrise behavior can

be seen by inspecting the layer thickness plots. During the winter, the

layer becomes thinner during the sunrise period, while during the summer

it becomes thicker. This result, in combination with the seasonal dif-

ferences in d N /dt, implies that the amount of electrons produced
max

after sunrise may not be grossly different in summer and winter. In-

stead, their spatial distribution is different. During the winter the

electrons concentrate near h max, producing a relatively thin F layer

with a high peak density, while during thu summer the electrons are dis-

tributed over a greater altitude regime and form a tbcker layer with a

smaller peak density.

2. Sunset Behavior

The sunset behavior of the ionosphere is characterized by a

rather abrupt decrease in electron temperatures, which generally precedes

a decrease in electron density. A general increase in h is also evi-max

dent in the data for all months.

Sunset effects are not as rapid as sunrise effects. The sunset

decreases in electron temperature and density occur at slower rates than

the sunrise increases.

During the winter, the density and temperature begin to decrease

at nearly the same solar zenith angle (800 < X < 900). Sometimes the
density decrease occurs first; sometimes the temperature decrease occurs

fi rst. However, during the summer months the temperature decrease begins

well before the density decrease. The electron temperature begins to

fall when X x 85 , while tho, density does not decrease until after the

sun is well belo\t the horizon (X > 1050). These effects are shown in

Figure 35, in whiich the solar zecnith angles to which N and T begin
max e

to decreast, are plotted as a function of month.
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For all seasons the layer becomes thinner during the sunset

period. This is due to the rapid recombination on the bottomside that

reduces the lower half-thickness, and to the reduced clectron temperatures

above the layer maximum that lead to (1) a smaller scale height and (2) a

contraction of the lay2r as it cools.

3. Seasonal Variation of Nmax

The seasonal variation of N is shown in Figure 36. DatamaxI

from 1968-1970 have been used and the maximum observed electron density

for each day's observation has been plotted as a function of month of

year. The inclusion of the 1969-70 data has confirmed the conclusion

reported earlier,6 that N is greatest in the winter and near the equi-max

noxes, and smallest during the summer. There is approximately a 2-1/2-

to-i difference between winter and summer maximum densities.

4. Layer Height Variations

During the course of a 24-hour period the height of the layer

maximum changes by a large amount (90 to 170 km). Typically the layer

is highest around local midnight and lowest shortly after sunrise. In

order to determine whether any systematic seasonal behavior of h
max

exists, Figure 37 was constructed using data from the past two years.

In this figure a vertical line has been drawn between the lowest and

highest altitudes that h achieved during each full day of observation.
max

Thus the length of the line indicates the magnitude of the diurnal varia-

tion of h , and the end points indicate the extremes of h . From
max max

Figure 37 it can be seen that the greatest diurnal variation occurs during

tlu equinoxes, and the smallest variations ( < 100kin) during the solstices.

Also, 11 is generally higher in summer than in winter.max
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IV SUNRISE VERTICAL V',LOCITY OBSERVATIONS

A. Introduction

The Stanford Thomson-scatter radar has been used to examine vertical

drift velocities in the upper F-r -ion during the sunrise period.

The sunrise behavior of th.. :'onosphere, especially the region above j
about 300 Ikn altitude, has be : effectively studied only recently. j

Carlson1 7 has reported sunrir,- s servations below 450 km using the Thomson-

scatter system at Arecibo; boh ummer and winter observations were re-

ported, and considerable attent.Oon was paid to conjugate effects. Evans1 B

has reported the results of ob; rvations of sunrise phenomena made during

February and March 1967 by thG ". mson-scatter system at Millstone Hill.

In order to maximize the dexail of temporal variationF, that study was

confined to consideration of a %eiglit interval from 350 to 400 km.
19J

Da Rosa has theoretically considered the sunrise behavior of electron.

temperature at all ionospheric altitudes below 1000 km. Carru et al.1 0

have reported the reqults of vertical drift i'ar',rements using the bistatic

Thomson-scatter systen at St. Santin. Th"' asurements were averaged over

the altitude range 200 to 400 !:n r'd wei-e obtained over the full diurnal

-0
cycle. More recently, Evans et al. have observed diurnal F-region drifts

over Millstone Hill between 450 and 900 km, and in particular have ob-

served large upward drifts (about 100 m/s) at 600 km during sunrise, and

this sunrise effect has also been reported by Watt21 using the Alouette I
22

topside sounder. Evans has given a very good review of drift measure-

ment techniques using Thomson scatter radar.
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It is reasonable to expect transient motion of the ioi,,sphere during

sunrise. The rapid increase in solar EUV flux during the sunrise period I
gives rise to correspondingly rapid increases in both ambient electron

temperature and electron density. The increase of either temperature

or number density of a plasma should cause pressure gradients to build

up, and these in turn should result in a flux of particles away from

the high-pressure region. In the middle and upper F-region and at mid-

latitudes, the relatively low collision frequency and large dip angle

of the geomagnetic field should result in largely vertical flow, provided

electric fields can be ignorer. it is with this reasoning that attempts

have been made here to determine whether or not a systematic vertical

flux can be associated with the onset of sunrise in the ionosphere.

Examination of data obtained at Stanford between February and May

1970 has indicated that the best frequency spectra, in terms of drift-

velocity interpretation, are obtained at altitudes nominally less than

450 km. Although the Stanford radar regularly provides electron density

and electron and ion temperature data above 500 km altitude, it should

be pointed out that during the sunrise period, electron density and hence

signal power is at its lowest value of the day. Several analysis tech-

niques have been considered that show promise of extending the altitude

range from its present limit.

B. Measurement Techniques

At any point in the ionosphere there is a spectrum of velocities

associated with the fluctuations of the plasma particle densities. In

the presence of any illuminating electromagnetic wave, this velocity

spectrum will cause, via Doppler shifts, a spectral broadening of the

backscattered signal. In the case of a monochromatic (Oc) radar signal,
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j the received signal spectrum will directly represent the fluctuation

4 spectrum of the plasma. In the case of a pulsed radar, the received sig-

nal spectrum will depend on both the fluctuation spectrum of the plasma

Iand the frequency spectrum of the transmitted pulse.

If there is any bulk motion of the plasma with a component along

L the range vector of the radar, this component of motion will give rise

to a Doppler shift in the received signal spectrum. For a vertically

pointing radar, the relationship between Doppler shift and vertical ve-

locity is given as
t

Af = -2v/X (1)

where Af is Doppler shift in Hz, v is vertical drift velocity in m/s

assumed positive upwards, and X is carrier wavelength in meters. Fig-

ure 38(a) illustrates a typical signal spectrum with an exaggerated nega-

tive Doppler indicating an upward drift velocity.

Through mixing and sampling, the received signal is processed such

that the original spectrum is frequency-limited to a total width of

50 kHz, reversed, and centered at 25 kHz, and this spectrum is normally

plotted by computer for study. Figure 38(b) illustrates such a spectrum

for the same conditions as Figure 38(a).

As a convenience for the study of Doppler shifts the spectrum

illustrated in Figure 38(b) is folded about 25 kHz and then shifted

downward 25 kHz as shown in Figure 38(c). To a first approximation the
total frequency difference between the spectrum halves is just twice the

Doppler shift--that is, if Af is the scaled frequency difference, thens A

Af = 2Af = -4v/% (2)
s
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-Af (c) .V = 4 (3) ;

4f i
For an operating frequency of 1290 MHz, Equation (3) becomes

v = 0.5814 Af m/s (4)
S

In order to be consistent, the shift, or frequency difference, is measured

between the limbs of a folded spectrum at an amplitude level of -3 dB, or

50% of the peak amplitude of the entire spectrum. This level is illus-

trated in Figure 38(c). Under these conditions it is a simple task to

automate the computation of drift velocities and, in fact, the veloci-

ties illustrated were all computed without the need for any formal spec-

trum plots such as shown in Figure 38(a), (b), and (c). Figure 39 il-

lustrates a real example of a folded spectrum for measurements made at

1130-1144 UT, 23 April 1970.

,- 1130 - 1144 UT
023 APRIL 1970

~1

.I

0 5 10 115 20 25
FREQUENCY kHz

FIGURE 39 EXAMPLE OF A FOLDED SPECTRUM OBTAINED FROM MEASUREMENTS
MADE AT 1130-1144 UT, 23 APRIL 1970
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C. Observed Velocities

Figures 40-46 illustrate representative results obtained. Each fig-

ure represents the sunrise results of a single day and each curve is la-

beled according to the altitude at which it was obtained. The results

for May represent 48-km averages centered at the indicated altitudes;

all other results are 37.5-km averages.

100 423km

373
------.. 323

80 --- 273

18 FEBRUARY 1970

60
I- / I
U -0 407

-20

110 105 100 95 90
SOLAR ZENITH ANGLE,X - degrees

FIGURE 40 VERTICAL DRIFT VELOCITY vs. SOLAR ZENITH ANGLE FOR THE
18 FEBRUARY 1970 SUNRISE

64

A _________



_ _ _ _ _ _ _ _ so
373 km

32

20

60 --------------------------- e
ISMAC 17

40

o 20

-?0 - 4
110 10 10 59

SOA ZEIT ANL X ders

FIUE4 VRIA DRF VEITYv.SLRZNT NL O H

-20ARH190SURS

I6



60 - 396 ki

346
-*296

60 23 APRIL 1970

I40
o20

-20

-40

110 105 100 95 90
SOLAR ZENITH ANGLE, X degrees
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FIGURE 43 VERTICAL DRIFT VELOCITY vs. SOLAR ZENITH ANGLE FOR THE
20 MAY 1970 SUNRISE
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FIGURE 46 VERTICAL DRIFT VELOCITY ENVELOPE LIMITS vs. TIME FOR THE

PERIOD 0030-2230 GMT, 20 MAY 1970

The results illustrate wide variations in ionospheric behavior from

day to day, and also reveal some consistent systematic behavior.

A characteristic of ionospheric vertical velocities during the sun-

rise period, as illustrated by Figures 40 through 43, is that upward

velocity generally increases with increasing altitude. Although local

or short-term disturbances cause some exceptions to this, the trend is

unmistakable.

There appear to be two types of responses to sunrise, as shown in

the velocity curves. The results obtained for March, April, and May in-

dicate a slow but definite upward flux beginning between about X = 950

and X = 970, and occurring slightly earlier at the higher altitudes.

In contrast to this behavior, the response on February 18 was substantially
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different. On this day, the ionization above about 350 km altitude ex-

hibited strong upward flow of short duration, beginning at about X i 1010

~ I and ending about x = 91°.

Figures 44 and 45 illustrate, respectively, plots of electron temper-

ature and number density for sunrise conditions on May 20, 1970. It can

be seen that electron temperatures at all observed altitudes begin to in-

crease at about x = 1020. Electron number densities show very little in-

crease at the highest altitudes and a much more pronounced increase at

the lower altitudes. In addition, the approximate time of electron-

density buildup becomes later with decreasing altitude. The character-

istics of observed electron densities during this period are entirely

consistent with both other experimental evidence and ionospheric photo-

23
chemical theory.

A close examination of Figures 43, 44, and 45 suggests that the point

of increase of upward velocity (x 970 990) occurs later than the point

of electron-temperature increase (x A 101- - 1040), and approximately co-

incident with the point of electron-density increase (X P 970 - 1010).

Figure 46 illustrates a 24-hour envelope of velocities for May 20,

1970 between the altitudes 318 km and 498 km. Although not shown ex-

plicitly, detailed examination of the data confirms that upward veloci-

ties increase consistently with increasing altitude; thus the lower bound

of the envelope is the velocity profile at 318 km. and the upper bound is

the velocity profile at 498 km. Solar zenith angle is scaled along the

abscissa in correspondence with universal time, and even with the di-

minished detail of the 24-hour plot, the sudden increase in upward ve-

locity is seen to take place at sunrise. An interesting consequence of

the results illustrated by Figure 46 is that the vertical flux appears

to have a net upward value when averaged over a 24-hour period.
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At present, these effects have only been observed and no attempt

has been made to explain the observations in terms of ion production,

plasma heating, etc. Both Watt 1 and Evans2 0 have considered predawn

thermal expansion effects at higher altitudes, and Evans2 ° has also ob-

served a large-velocity effect at 450-km altitude similar to our Feb-

ruary 18 observations. The notion of an apparent non-zero average flux

has been considered only recently, and some speculation about it exists

although a satisfactory explanation has not yet been given for this

ieffect.I

i

'I
" i

II



*1
F!

V PARTIAL SOLAR ECLIPSE MEASUREMENTS i

A. General

This section reports observations of electron density, and electron

and ion temperatures, made during the 11 September 1969 and 7 March 1970

partial solar eclipses at Stanford, California. Vertical drift velocities

and gravity-wave effects are also considered for the 7 March eclipse.

The technique used for these measurements was the incoherent-backscatter

method. Electron-density profiles were obtained over a 300-to-400 km

altitude range at 15-minute intervals for at least an hour preceding

each eclipse and for several hours following the eclipse. Profiles over

the same altitude range with the same time resolution were also taken on

the day before each eclipse and on the day after the eclipse for use as

background control data.

An exception to this procedure was necessary on 8 March 1970. An

unusually large magnetic storm occurred on this date, and the resulting

disturbed ionosphere was not useful as a background comparison for

eclipse measurements A synoptic study of magnetic storm effects would,

of course, be interesting in its own right. Unfortunately, a failure

in the transmitter's intermediate power amplifier occurred at 1721 GMT

on 8 March and no data are available after that time. As far as the

7 March eclipse is concerned, the only useful control day for background

data was 6 March.

Electron and ion temperatures were deduced from the backscattered

spectra for all six days at 50-km intervals. For many of the measure-

ments, ground clutter was apparent in both the power profiles and spectra

at heights below about 200 km, thus making it impossible to scale these
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I
measurements. Also, at times and altitudes when the density was low, I
the spectra were too noisy to scale temperatures accurately. However,

for most of the F-region, usable measurements were obtained and the main

eclipse effects--namely, reduced electron densities and reduced electron

temperatures--were evident at almost all altitudes above 200 km for two

to three hours following the eclipse.

Eclipse effects have been reported before. The main effects of

an eclipse as reported earlier are as follows:

(1) Electron densities tend to decrease at all altitudes, or

if the eclipse occurs during sunrise when electron density

is normally increasing the rate of increase is substantially

slowed down during the period of the eclipse.

(2) Electron temperatures decrease during the period of the

eclipse.

(3) The height of the maximum of the electron-density profile

decreases during the period of the eclipse.

(4) Recovery time of the ionosphere following an eclipse appears

to be of the order of two to three hours.

In the present report two eclipses are considered and for each the

same general trends seem to appear. Because these observations have

been reported before, they will not be dealt with in detail here but

simply presented and pointed out. Three new aspects will be considered

here, however. The first aspect is that of the possibility of gravity
24

waves directly associated with the eclipse. Chimonas and Hines have

predicted that gravity waves might be caused by an eclipse, and an
A

attempt has been made here to verify their prediction. The second aspect

is the consideration of vertical drift velocities for the eclipse of
I

7 March 1970. Recent improvements in the radar equipment and processing

techniques have made it possible to determine drift velocities associated j

with the plasma along the range vector of the radar. For most cases, A

and in the particular case of the eclipse observations, the radar vector

74

,\I
ZI

J~



was vertical and thus information has been obtained about vertical drift

velocities for both the eclipse day and the control day (6 March). The

third aspect associated with these eclipse observations is that the period

of the 7 March eclipse was one of very high magnetic activity. The day

of 8 March was considered a period of a magnetic storm, but, in fact,

the three-hour K index experienced a substantial increase during the

last six hours of 6 March and remained high through the first six hours

of 9 March. The data for these three days, because of the overlapping

phenomena, are therefore very difficult to interpret. Nevertheless the

observations will be presented and discussed.

B. Electron Densities, Electron Temperatures, and Ion Temperatures

Figures 47 through 53 illustrate percent obscuration and contours I
of electron density, electron temperature, and ion temperature taken

directly from the data for the two eclipse days and the four control

days. Generally electron densities and electron temperatures behave in

a predictable manner, as described above. Electron-density variations

for the September eclipse are rather mild in comparison to those during

the March eclipse, but the September eclipse effects can be easily seen

in the electron-temperature contours as shown in Figure 50.

It is well known that ion-temperature variations tend to be very

sluggish in comparison with electron temperature variations. This is

seen regularly under sunrise conditions. Under eclipse conditions the

same trend is apparent. There appears to be some variation in ion tem-

peratures that is caused by the eclipse, but the variations ar'e far less

pronounced than the variations of electron temperatures during the same

period.

Figures 54 and 55 summarize electron-density effects associated

with the eclipses. It can be seen, for instance, that during the eclipse,

electron densities at the peak of the layer are depressed from normal
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conditions, the height of the maximum decreases, and the thickness of

the layer (as illustrated here, the distance between the 80 percent of

maximum density altitudes) decreases slightly. For the March eclipse,

Ithe control day of 8 March is seen to be useless as a "normal" day.

IAs mentioned earlier, the data are incomplete and even where data are

taken they appear to be very unusual, most probably due to the presence

of the magnetic storm.

C. Eclipse-Induced Gravity Waves

5In a previous report consideration was given to the possibility

that the presence of gravity waves could be detected through Thomson

scatter techniques, and observations seemed to indicate the presence

of some wave-like structure propagating downward. Chimonas and Hines2 4

predicted that gravity waves should be induced by an eclipse. We there-

fore have considered this possibility for the March eclipse using the

same technique discussed in the previous report.5 Figures 56 and 57

illustrate the results obtained for 6 March and 7 March 1970. Plotted

are profiles representing constant percentage of maximum density. Such

a plot tends to normalize all density values to the value of maximum

density in the layer and thus eliminate the effect of the variations

that tend to affect all of the layer equally. A careful plot of these

profiles reveals that certain deviations appear at all altitudes. Some

of the deviations considered are identified by the dashed lines, and it

can be seen that the deviations do occur later at lower altitudes, sug-

gesting a downward propagation of wave energy. However, in order to

verify the prediction it would be necessary to show significantly more

evidence for gravity waves on the day of the eclipse than on the control

day, and this is not observed. If the deviations observed and identified

by the dashed lines do indeed signify gravity waves, then it would appear
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either that gravity waves are not more likely to appear as a result of

a solar eclipse or that the particular eclipse of 7 March was not com-

plete enough to produce the predicted effects.

D. Eclipse-Induced Drift Velocities

As part of the study of phenomena associated with a partial solar

eclipse, an attempt was made to determine whether or not variations in

vertical drift velocity of the plasma could be attributed to the eclipse

of 7 March 1970.

Determination of vertical plasma drifts was discussed in Section IV,

where it was shown that in the upper F-region and upward drift of the

plasma can be associated with sunrise. It was also shown that a wide

day-to-day variation exists in observed drift velocities.

Figures 58 and 59 illustrate envelopes of observed vertical drift

velocity for periods of interest during 6 March and 7 March 1970. The

envelopes illustrate maximum and minimum vertical velocity limits ob-

served during the periods of interest. As discussed in Section IV,

observed velocities tend to increase monotonically with increasing

altitude so that the upper and lower curves might be said to represent

observed velocities at altitudes of 448 km and 298 km respectively.

Because of the wide day-to-day variations in drift velocity known

to exist in the tipper F-region, it is difficult to attribute observed

differences in the 6 ,March and 7 March results to the 7 March eclipse.

There are two features of the velocity profiles on 7 March that

are interesting and deserve comment, however. Firstly it can be seen

that the upward v'elocity present at all altitudes just prior to the

beginning of the eclipse is generally increasing with time until just

after obscuration begins, \%hen a sudden decrease takes place. It appears
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iU II
from this that the ambient velocity profile has been affected by the

eclipse-associated cooling of the ionosphere, resulting in a thermal

contraction and a subsequent tendency toward diminishing the upward flow.

The second curiosity associated with the 7 March observations is

that, following the period of obscuration, upward velocities continue
to decrease steadily until finally, by 2100 GNIT, a net downward flux

begins at all observed altitudes more than two hours after the eclipse.

This velocity trend is interesting because it differs from the other

observed trends occurring at the same time of day. This observed velocity

trend may or may not be significant in terms of eclipse effects, since,
as was pointed out, the entire period of observation was one of high

geomagnetic activity.
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VI CONCU/JSIONS AND RECO(MIENDATIONS

tt

This report has described the results of several ionospheric studies

carried out over the past year. A lai-ge amount of data, collected over

a three-year period, has been collated and analyzed to provide a descrip-

tion of the ionosphere's diurnal and seasonal behavior. During this

time period, a number of improvements to the radar system and data-

processing system have been made, resulting in an order-of-magnitude

reduction in data-processing time and a two-to-three-fold improvement

in measurement accuracy. I
Section II reviews the behavior of the daytime electron and ion

temperatures in the F-layer. These ionospheric parameters are cor-

related with various solar-geophysical disturbance indices. No

significant correlations were found. large day-to-day variations in

height, electron density, and electron temperature appear to be typical

of F-layer behavior over Palo Alto.

The behavior of the ionosphere at sunrise and sunset has been studied

and described. Typically, sunrise is characterized by an increase in the

electron temperature, followed by a decrease in h , followed by anmax

increase in N . Seasonal variations of these parameters are shown.
max

Sunset behavior is characterized by a decrease in both electron density

and temperature. During the winter, these effects are coincident.

However, in the summer the temperature decrease occurs significantly I
earlier than the density decrease.
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The maximumA dcnsity of the F-layer is typically greatest in winter,

and smallest in summer. During the winter, N varies by an order ofmax

magnitude from day to night, while during the summer the day-to-night

variation may be only a factcr of two or three.

Seasonal variations of the height of maximum density have been

studied. The F-layer is generally highest in summer and lowest in

winter. During the course of a 24-hour period, h undergoes the
max

greatest excursions at the equinoxes, and the least at the solstices.

The behavior of the ionosphere during the course of two partial

solar eclipses has beeni studied and reported. In general, the eclipse

effects are characterized by decreases in electron density and temperature.

Vertical velocity measurements, made for the first time in 1970,

are reported here. A general upward motion of the ionospheric plasma

at sunrise was found to exist. Vertical velocity measurements also

made during the 7 March 1970 eclipse indicate that an eclipse occurring

near sunrise may cause a diminution of the normal upward flux associated

with sunrise.

For the past several years the ionosphere over Palo Alto has been

studied, using the incoherent-scatter techniques. Other incoherent-

scatter radars (Millstone, Arecibo, St. Santin) are located, as is ours,

so as to study the midlatitude ionosphere. The radar at Jicamarca,

Peru has been used to study the equatorial ionosphere. No incoherent-

scatter facility has yet been geographically located so that it can

study the very interesting auroral ionosphere. DASA has recently I
initiated moving the Project 617 radar to the vicinity of College,

Alaska; a location beneath the region of maximum visual auroral occur-

rence. The relocation f the radar to the auroral zone will allow the

radar to be operated at a geographic location where the natural iono-

sphere more closely approximates the dieturbed ionosphere caused by
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and following a high-altitude nuclear detonation. In addition, many I
scientifically new and interesting studies can be made on the unique

t| auroral ionosphere. Among the studies that can be envisioned for the
U

radar are:

(1) F-region behavior during an auroral disturbance when

conventional HF measurement techniques cannot be made

due to absorption, blanketing, sporadic E, etc.

(2) Morphology of auroral ionosphere.

(3) Electron-loss processes and loss coefficients in the~E region.

I I
(4) Electron-density increases in the ionosphere produced

by the aurora. I

(5) Auroral sporadic-E ionization measurements.

(6) Electron density and collision frequency in the D region

during auroral and polar cap events.

(7) Transition from normal incoherent scatter to scatter from

field-aligned irregularities.

(8) Non-equilibrium electron-velocity-distribution measurements j
using observation of the plasma lines.

However, as with the application of any new technique in a complicated

environment for the first time, the most exciting studies will probably

be discovered during the operation of the radar. We recommend that the

radar relocation be carried out and completed as soon as possible.
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