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World Data Center A for Solar-Terrestrial Physics
NOAA

Boulder, Colorado 80302, U.S.A.

Service will `end co be faster the more specific the request can be made. Many users prefer
to discuss their needs first with data center staff by telephones (303-499-1000 X6467, Mr. Conkright
or Miss Brophy) or by Telex 45897 SOLTERWARN BLDR.

Data are provided for cost of copying or under data exchange arrangements. The general price
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price list, can be determined only upon completion of the job.

Most requests are filled within three weeks

Prira I ict-
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There are approximately 1400 feet of microfilm.

Electrostatic copies of profiles or autocorrelation data . . . . . . . . . . .	 0.65 per sheet
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Magnetic tapes (new blanks) 	 . • • • • • • • • • • • • . .	 • • • • . .	 current cost

There is a minimum charge of $10.00 per order.

Checks must be made payable in U.S. currency to Department of Commerce, NOAA/h;SDC,
and mailed to the address shown above.
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DESCRIPTION AND CATALOG OF IONOSPHERIC F-REGION DATA,
JICAMARCA RADAR OBSERVATORY

(NOVEMBER 1966 - APRIL 1969)

i

by

W. L. Clark', J. P. McClure2 and T. E. VanZandtl

'Aeronomy Laboratory
National Oceanic and Atmospheric Administration

Boulder, Colorado 80302 U.S.A.

'University of Texas at Dallas
Dallas, Texas 75230 U.S.A.

Introduction

This report basically describes equatorial ionospheric F-region data reduced from the Jicamarca
Radar Observatory (JRO) incoherent scatter observations for particular periods. It lists in catalog
form the times of the observations made during those periods. These F-region data include the
electron concentration, Ne, and the electron and ion temperatures, Te and Ti. The data were inferred
from the incoherent scatter observations of JRO which is located at 511.95 E283.13. JRO is the only
incoherent scatter observatory close to the magnetic equator at 2 6N magnetic dip.

For the period 11 November 1966 to 29 April 1969, Ne, Te and Ti data reduced from the JRO
observations are now available both in digital form (on magnetic tape) and in graphical and tabular
form (on microfilm) from the World Data Center A for Solar-Terrestrial Physics. Some results of
similar analyses are already published, in particular ` he Ne data were presented in graphical form
b McClure et at. [19701 for the period 27 May 1960 to 1 December 1966. Small amounts of data have
appeared in other published papers and reports. Ionospheric drift velocity measurements reduced
from the JRO incoherent scatter observations for the period July 1967 to March 1970 are found in
an earlier UAG Report, Report UAG-17 [Balsley et at., 1971].

Measurement Techniques and Analysis Methods

In the Faraday rotation experiment as performed at .JRO, two pulses are transmitted simultane-
ously with opposite circular polarization. By comparing the phases of the echoes of the two pulses
as a function of time delay between transmission and reception, the Faraday rotation angle as a
function of height is determined. The electron concentration profile is obtained from the height
derivative of the Faraday rotation angle. This technique is discussed fully by Farley [19691.
See also Evans [19691 for a general review of the incoherent scatter technique.

In addition to the measurements for Ne, the temporal autocorrelation function o of the radar
echoes is measured at a series of time separations T. The method by which these measurements are
made is described in considerable detail by Farley et at. [19671 and Farley [1969] and will not be
discussed here. Our concern is with the analysis of the measured autocorrelation function to
deduce parameters of the ionospheric plasma.

The JRO measurements of the autocorrelation functions are usually valid only in the ionospheric
F2 layer where almost all of the ions are ionized oxygen (0 + ). Therefore, the ionic composition has

been approximated by pure 0 + , so that the only parameters determined by the present analysis are Te
and Ti. The presence of appreciable concentrations of ions other than 0 + will, of course, cause
errors in the derived values of Te and Ti. In particular, near the top cf the analyzed height range,
especially at night during solar minimum, there may be appreciable concentrations of ionized hydrogen
(H+). For small fractional concentrations of H + , the fractional errors in Te andTi are of the
order of -1 and +1 times the fractional concentration, respectively. Since the fractional con-
centration of H+ iii the F2 layer typically increases with height with a scale height of the order
of 150 km, the presence of appreciable concentrations of H + leads to a characteristic and obvious
decrease in Te and an increase in Ti with height.

Examples of theoretical curves of p(r) for pure 0 + , two values of Te and three values of Te/Ti
are shown in Figure 1. Two impgrtant laws are illustrated. The first law states that the value

Of t at p = -0.08 varies as Te- with only a negligible dependence on Te/Ti. The second law states
that the minimum value of p (nmin) in 'Life first negative loop varies approximately linearly with
Te/Ti, as illustrated ir Fiyuee 2, but is otherwise independent of Te. The following empirical
formula gives Te/1`4 to two decimal places:
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Fig. 1. Examples of the theoretical autocorrelation function p(T) for Ta =1000K and
1500K while Te/Ti = 1.0, 1.5 and 2.0. These curves illustrate that T at the
p = -0.08 point is essentially independent of Ti and that the depth of the
first negative loop depends only on Te/Ti. These laws assume a constant ion
composition, in this case pure 0+.
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Fig. 2. Te/Ti plotted as a function of pmin (the minimum value of the auto-
correlation function). The quadratic equation gives Te/Ti to two
decimal places.

With these two laws, Te and Te/Ti may be found from the autocorrelation data by scaling the
value of z at p = -0.08 and at Amin. Alternatively, Te and Te/Ti can be determined by fitting the
theoretical curves to the measured values of p. The fitting has been done in the present analysis
by adjusting the values of Te and Te/Ti until the best fit in a least squares sense is obtained.
This method has the advantage of using all the data and so reduces the effects of noise.

Examination of the actual autocorrelation data along with the functions fitted during the
analysis can provide valuable insight into the quality of the Te and Ti values found at any par-
ticular height and time. Therefore, for each height a plot of measured P's versus i and the corre-
sponding best-fitting function, when actually found, is included on the microfilm. A rather compact
format was used to enable easy visual comparison of data from one height to the next. A sample
frame is shown in Figure 3.
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Fig. 3. A sample microfilm frame presenting the autocorrelation function found
by the analysis program using the raw data and the best fitting functions.
Data for 32-heights are given on each frame. This frame, for 17 Jan.,
1968, 1200-1230 (75 0 W time), presents data for heights between 145 and
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455 km in 10 kilometer steps. A much more detailed explanation of this
Figure is given in the text.
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Figure 3 presents data taken on 17 January 1968 during an irtegration from 1200 to 1230 hours

(75 4W time), as indicated by the title along the left margin. The Figure looks very complex be-

cause data for 32 heights are presented in overlapping form beginning with a height of 145 km and

--

	

	 increasing in 10 km increments to 455 km. This complexity can be avoided by examining one feature
at a time. Consider the bottom row of th n Figure. The ordinate is the p axis, ranging from -0.4 to

+0.6, and the abscissa is the T axis, witf a i:irk every 1000 us. Each tick mark also denotes T = 0
for the height printed sideways, below and cb the right of the tick. Each measured value of pis

w-'	 pl^tted as a vertical bar centered on the measured value and extending ± a (f one standard deviation)
.,1 The sinuous, dotted curves in the plots for 385, 405, 415, 425, 435, and 455 km are the theoretical

autocorrelation functions that best fit the measured values of p. The flattened part of each curve
from 0 to 300 us is a result of an imposed plot limit just above p = 0.6; the actual curves in this

f	 region are as shown in Figure 1.

Often an autororrelation function could not be fitted because of some deficiency in the data.
If the deficiency was only a lack of data about the first negative loop, a pc-tial analysis was
carried out. A, parabola was fitted by least squares to all the points up to and including the first
point whose value of p was 5 -0.08. Then the value of T where this parabola intersects the p = -0.08
line (the dashed line below and parallel to the r axis inserted for ease in reading values) was used
to obtain Te. This parabola, when used, is plotted through the data points as a dotted curve, and
the poini of intersection is indicated by.a circle (e.g., at heights 395 and 445 km in Figure 3).
When even this partial analysis could not be completed, only the data bars are plotted, as for the
first 13 heights (145-265 km) in Figure 3,

In the fi st row of Figure 3 some of the measured p's are plotted using other symbols. 	 The
x's seen throughout the data in the first eight heights (145-215 km) indicate points that have been
rejected because the space-time geometry of the JRO configuration implies a high probability of
contamination by strong echoes from the equatorial electrojet or by a succeeding pulse. 	 The up

and down arrow symbols (+ 1) are used for data points that exceed the -0.4 to +0.6 plotter range
for p, which was imposed to avoid confu:;ion with other data.f

The p values as used in this analysis and presented on the microfilm have been adjusted in a
n

-^
manner that must be discussed in some detail. 	 When the preliminary Te and Ti values were plotted,
it was noticed that at night the ratio Te/Ti was usually less than unity by a significant factor

-u, which was statistically independent of height. 	 IF thiswere true, it would require a large heat
;K input to the ion gas with a special height dependence. 	 Since in the nighttime equatorial F2 layer

there is not known to be any large heat input with the required height dependence, we have assumed

i that this effect was caused by systematic errors.

-i In order to study *hese systematic errors, we first restricted our attention to data taken

between 1900 and 0300 hours (75 0 W time) since earlier evening data and later morning data often
F

seemed to be in a transition state between day and nighttime conditions. 	 heights between 300 and

K	 1 400 km only were considered in order to reduce the passibility of composition effects. 	 The median
g Te/Ti, denoted (Te/Ti)med, within this height range was found for each integration, and the results

E
were plotted versus time.as

Examination of this graph showed periods when the Te/Ti bias seemed to be constant except
for statistical fluctuations. 	 For each of these periods the factor RF (o Factor) by which the

t' p values should be divided so that the median of the (Te/Ti)med's would become 1.0 was calculated.

?r A graph of the RF values versus date is shown in Figure 4.

This normalization method changes Ti much more than Til, because Amin is changed inversely as
RF but T at p = -0.08 is changed very little. Indeed, the changes in Te are usually within the
estimated standard deviation of Te, although Te always decreases for RF >_ 1, and vice versa.

This method obviously provides only a first-order correction of Te/Ti. During some periods
there was no nighttime data suitable for a detemination of RF. For this reason the last two
months of 1966 data and the first two and one-half months of 1967 data had to be assigned the
mean RF value (namely, 0.9) of all of the other data. The periods when the nighttime values of
Te/Ti were obtained are indicated at the bottom of Figure 4. Furthermore, the statistical fluc-
tuations about (Te/Ti)med over the periods for which each RF was determined are not negligible.
Therefore, in some studies the user may wish to renolmalize Te/Ti according to a physical model
of temperature structure. This can be done approximately by changing the RF for each profile or
set of profiles, with the aid of Equation (1). Unl , :ss the change in RF is large, the changes in
Te are negligible, that is, all of the changes in Te/Ti can be attributed to changes in Ti.

L^
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Fig. 4. The RF di v isor values applied to the p's plotted over the periods of their us,.
The periods when nighttime Te/Ti values were obtained and used in the determina-
tion of RF are indicated at the bottom of the graph. The mean RF value of 0.9
was used until 11 February 1967. The process used to determine RF is describes
in the text.

Format of Archived Data

An example of the graphical and tabular data as it appears on the microfilm is shown in
Figure 5. The electron concentration data is presented in the upper right graph and in the second
column of the table, labeled Ne. The calcul°ted standard deviation of Ne resulting from the dif-
ferentiation of the Faraday angle is shown as a horizontal bar on the graph (too small to be
visible in this example) and in the first a column, just to the right of the Ne column. It must
be emphasized that c is only the standard deviation due to statistical errors, and that the ac-
curacy of Ne can also be affected by systematic errors., In general, rapid variations of Ne with
either height or time must be treated with caution. For example, in Figure 5 the rapid increase
of Ne with decreasing altitude below 205 km is a systematic error caused by strong scatter from
field-aligned irregularities in the F region. At night, when spread-F irregularities are also
often present, this kind of error can extend to greater heights, Certain other systematic errors
are caused by imperfections in the detectors, particularly at the greatest altitudes where the
signal-to-noise ratio is small. Such imperfections probably cause the weak sinusoidal variation
in Ne from about 450 to 600 km in Figure 5.

The Te and 7i data are presented in the I;pper left graph and in columns four and six, re-
spectively, in the table. On the graph, the Te points are connected by a solid line and the Ti
points are denoted by circles. The estimated standard deviations resulting from statistical
errors in the measured values of p are shown as horizontal ba •s on the graph and arc. listed in the
respective a columns (i.e., columns five and seven) in the table. The column labeled ICD is a
diagnostic code used in the analysis program and can be ignored.

The original magnetic tape archived in the data center is a 9-track, 1600 phase encoded
binary tape. A detailed description of the format is available upon request from WDC-A, and
other types of tapes (such as 7-track binary) may be made available. The tape ;ontains all t`e
Ne, Te, and Ti results, but does not contain the autocorrelat ion function data prom which they
were obtained.
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Fig. 5. Te and Ti are plotted against hei ght i n the graph at the upper left.
7

z
Te is plotted using connected error bars (± one standard deviation)
while Ti is plotted using circles intersected with error bars.	 Ne
is plotted against the same height scale in the graph at the upper

I

right, using connected error bars. 	 The table in the lower r_rt of a

the Figure presents the same information in tabular form.	 Zero values
indicate that no results were obtained. 	 The c column gives the esti-
viated standard deviation of the parameter in the column just to the
left, in the same units. 	 The "ICD" column contains a computer diag-
nostic code and may be ignored.
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Values of Ne, Te, and Ti (normalized as discussed above) along with their associated dates,
times and heights and estimated errors are archived at WDC-A on magnetic tape and microfilm.
Table 1 is a catalog of the observing periods during which measurements were made. Within each
observing pariod there are one or more radar integrations, each of which is an average of several
thousand samples received over 5 to 10 minutes during sunrise, 15 to 30 minutes in the daytime,
and 15 to 45 minutes at night. The integrations are usually contiguous in time, but occasionally
there are gaps caused by operational difficulties. There are a few time discontinuities on the tape,
resulting from integracions being entered on the magnetic tape in non-chronological order. The
times written on the magnetic tape and microfilm are correct. Approximately 1600 hours of radar
data were analyzed.

Reliability, of the Data

The reliability of the present data for any particula r aeronomical study can be determined

only by careful consideration of the statistical and s ys*s-9atic errors described in this report.

The Ne data should be adequate for any study consistent with the statistical errors. On the other
hand, the limitation to regions of nearly pure 0 and the normalization of Te/Ti are especially
important to the accuracy of the temperature measurements. Judgment of the adequacy of the data
for any particular study or of the correctness of a renormalization procedure must, of cour:;e, by
the responsibility of the user.
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TABLE 1

CATALOG OF NE, TE AND TI wASUREMENTS AT JICWMCA RADAR OBSERVATORY

TIME INTERVAL COVERED

YEAR	 DATE	 75WAT DATE 754!17
N0. OF
PROFILES

TIME INTERVAL COVERED

YEAR	 DATE	 75A4T DATE 754HI' POt"
I

ES
PR	 L

1966 NOV 11, 0422 TO NOV 11, 1915 50 1967 APR 14v 2145 TO APR 15, 0245 16

NOV 12, 0315 TO NOV 12, 1215 55 APR 16, 1035 TO APR +ti. 1220 8

NOV 13, 0530 TO NOV 13, il45 29 APR 17, 1200 TO APR , 1336 4

NOV 14, 1640 TO NOV So, 0605 121 APR 20, 1345 TO APR L:, 15UU 3

DEC 1, 1210 TO DEC 2, 0430 45 APR 21, 1330 TO APR 21, 210E 15

DEC 2, 0835 TO DEG 2, i13V 7 APR 25, 0100 TO APR 25, 0415 7

DEC 7, 1506 TO UEC 7, 1035 2 APR 25, ;.215 TO APR Zi, 1500 6

DEC 9. 1353 TO DEG 9, 1619 3 APR 26, 1845 TO APR 26, 213G 6

DEC 12, 0912 TO DEC iZ, 1240 5 APR 27, 0130 TO APK 27, 0330 5

DEC 13, 1715 TO DEC 14, 0930 50 APR 27, 1.210 TO APR 2b, 0300 25

DEC 14, 1500 TO DEC 14, 1600 3 APR 30, 1900 TO APR 3U, 2336 10

DEC 15. 1830 TO DEC 15, 2300 7 MAY 1, 1940 TO MAY 1, 2230 14

DEC 16, 1615 TO DEC 17, 030E 20 MAY 2, 1020 TO MAY 2, 1.605 13

DEC 19. 1745 TO DEG 20, 0315 20 MAY 3, 1130 TO MAY 3, 1315 4

DEC 20, 1645 TO DEC 20, 1845 5 MAY 3, 1530 TO MAY 3, Ibis 3

DEC 21, 1625 TO DEC 22, 0245 22 MAY 12. 0000 TO MAY 12. U53G 19

DEC 22, 1.430 TO DEC 2Z, 1.830 10 MAY 12, 1115 TO MAY 12, 1505 33

1967 JAN 2, 1400 TO JAN 2, 1806 9 MAY I.b. 1600 TO MAY lo, 1615

JAN 3, 1036 TO JAN 3, 1536 6 MAY 24. 1150 TO MAY 25. 0336 35

JAN 3, 1900 TO JAN 4, 0330 10 MAY 25, 1045 TO MAY 25, 21JG 29

JAN 4. 1015 TO JAN 5. 0215 20 MAY 26, 0030 TO MAY 26, 0200 4

j	 JAN 5, 1020 TO JAN 4. Oi45 19 MAY 20, 0920 TO MAY 2o, 1715 13

JAI 6, 1410 TO JAN 6, 1845 8 MAY 27, 1645 TO MAY 27, 2330 15

JAN 10, 1036 TO JAN 10, 2000 145 MAY ?9, 1210 TO MAY 23, 1800 109

JAN 11, 1555 TO JAN 12, 0245 17 MAY 30, 1200 TO NAY 3Jr 1800 100

JAN 12, 1745 TO JAN 13, 0245 14 MAY 31, 0118 TO MAY 51, 0130 2

JAN 1.3, 1104 TO JAN 14, 0145 25 MAY 31, 0415 TO MAY 31, 0445 3

JAN 14, 0922 TO JAN 15, 0245 31 MAY 3i, 0815 TO MAY 31, 0930 3

JAN 15. 0530 TO JAN for 0245 34 MAY 31, 1645 TO MAY 31, 1845 6

JAN 19, 1030 TO JAN 20, 0300 29 MAY 31, 2230 TO JUN 1, 0345 7

JAN 20, 1425 10 JAN 20, 1.430 2 JUN 1, 1035 TO JUN 1, 1035 1

JAN 20, 1600 TO JAN 21, 0300 14 JUN 1. 1345 TO JUN 1, 1400 2

{	 JAN 22, 1325 TO JAN 22, 2025 84 JUN 1, 1645 TO JUN 1, 1700 2

JAN 23, 1520 TO JAN 24. 0300 20 JUN 2, 1100 TO JUN 2, 110U 1

JAN 24, 1022 TO JAN 24, 2200 23 JUN 2, 1515 TO JUN 2, 1600 2

JAN 25, 0300 TO JAN 25, 0300 1 JUN 8, 1122 TO JUN d, 1225 2

31, 1903 TO JAN 31, 1926 3 JUN 8, 1545 TO JUN 8, 1545 1II '	 JAN
JAN 31, 2200 TO FEB 1, 0640 22 JUN 9, 1545 TO JUN d, 1545 1

``
	

FEB 2, 0300 TO FEB 2, 1045 27 JUN 12, 0910 TO JUN 12, 0945 2

`, 1330 TO FEB d, 0400 24 JUN i6, 1500 TO .JUN lo. 1808 6I^	 FEB
FEB 8, 0930 TO FEB 9, 0500 30 JUN ?2. 1530 TO JUN 22, 2315 it

FEB 9, 0845 TO FEB 9, 1100 8 JUN 24. 1315 TO JUN 24, 1415 3

FEB :i0. 1000 TO FEB ilr 0500 30 JUN 24, 1715 TO JUN 24, 1945 9

FEB 16, 1.015 TO FCB 17, 0245 29 JUN 27, 1145 TO JUN 27, 1215 3

!]	 FEB i7, 8895 TO FEB 18, 0530 44 JUL F, 1100 TO JUL o, 1600 9

E	 FEB 21, 1545 TO FEB 21, 1700 4 JUL 1, 0950 TO JUL 7, 155G 13

FEB 22, 1130 TO FE9 22, 1505 9 JUL 11, 2300 TO JUL 11, 2300 1

FEB 23, 0905 TO FF.k 23, 0950 4 JUL 12, 0200 TO JUL 12, 0406 2

FEB 23, 1200 TO FEB 24, 0330 31 JUL 13, 0405 TO JUL 13, 0405 1

FEB 24, 0830 TO FEB 24. 1315 11 JUL 13, 0725 TO JUL 13, 0725 1

FEB 24, 1600 TO FEB 25, D200 16 JUL 13, r i0 To JUL 13, 1550 1

FEB 27, 1200 TO FEB 27, 1230 2 JUL 17, - - :JO TO JUL 20, 0750 149

FEB 28, 1130 TO FEB 28, 1230 2 JUL 21, 0400 TO JUL 21, 0400 1

MAR 11 0915 TO MAR 1, 1757 120 JUL 21, 0800 TO JUL 21, Ot:OU 1

i	 MAR 3, 0900 TO MAR 3, 0900 1 JUL 24, 2305 TO JUL 24, 2,'105 1

MAR 3, 1145 TO MAR 3, 1.330 4 JUL 25, 2000 TO JUL 26, 0600 33

MAR 3, 1600 TO MAR 4, 0345 25 JUL 31, 0920 TO JUL 31, 0940 P.

MAR 6, 1215 TO MAP, b, 1230 2 JUL 31, 1630 TO JUL 31, 1730 2

MAR 7, 0930 TO MAR 7, 1230 8 AUG i, 2230 TO AUG 2, 0200 7

MAR^ 22, 1400 TO MAR 22, 1704 6 ACG 2, 0500 TO AUG 2, 091E 12

MAR 22, 2030 TO MAR 22, 203E 1 AUG 2, 1615 TO AUG 3, 1200 40'i
MAR 23, 1100 TO MAR 23, 2230 13 AUG T. 2040 TO AUG 7, 2040 t^.,
MAR 24, 0100 TO MAR 24. 0100 1 AUG 9 1 2330 TO AUG 9, 2330 1

MAR 27, 1045 TO MAR 27, 1.700 48 AUG 10, 1500 TO AUG SL 0115 19

MAR 29, 1400 TO MAR 230 1400 1 AUG 11, 0935 TO AUG 12, 0750 52

MAR 29, 1630 TJ MAR 29, i800 2 AUG 14. 1300 TO AUG 17, 1036 157

MAR 30, 1530 TO MAR 31, 0330 24 AUG 17, .	 2311 TO AUG 17, 2311 1

It	 MAR 31, 1145 TO MAR 31, 1230 3 AUG 23, 1145 TO AUG 23, 1515 5

APR 5, 1000 TO APR 5, L730 15 AUG 28, 1145 TO AUG 29, 1200 48

APR 12, 1430 TO APk 13, 0330 27 AUG 29, 1510 TO AUG 31, 0904 104

APR 13, 1030 TO APR 14, 0115 33 SEP 1, 1450 TO SEP 1, 1940 59

APR 14, 1115 TO APR 1,4, 144E 8 SEP 5, 1845 TU SEP b, 0100 16

9
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OCT
OCT
OCT
OCT
OCT
OCT
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NOV
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1600
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0100
1745
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TABLE 1 (CONT'D)
1.

CATALOG OF NE, TE AND TI MEASUREMENTS AT JICNAARCA RADAR OBSERVATORY

TIME INTERVAL COVERED	 TIME INTERVAL COVERED
NO. OF	 NO. OF

YEAR DATE	 75WT	 DATE	 75WT	 PROFILES	 YEAR DATE	 75MNT	 DATE	 75WT	 PROFILES

TO SEP B, 0100 18 1968	 JUL 23, 1615 TO JUL 24,-0745 32
TO 5EP 8, 1645 3 JUL 24, 1145 TO JUL 24, 2345 23
TO SEP 13, 0930 36 JUL 30, 0800 TO JUL 31, 0730 52
TO OCT 12, 080L 105 AUG 6, 16.30 TO AUG 7, 1600 56
TO OCT 12, 1230 2 AUG 6, 1415 TO AUG 6, 1430 2
TO OCT 24, 2341 16 AUG 9, 1200 .0 AUG 9, 1230 3
TO OCT 2b, 2345 13 AUG 26, 1650 TO AUG 2b, Z300 16
TO OCT 26. 230b 14 AUG 27, 2145 TO AUG 26, 1530 42
TO OCT 30. 1555 1 SEP 3,1620 TO SEP 4, 0830 36
TO NJV 3, 0830 7 SEP 4, 1430 TO SEP 5, 1500 58
TO NOV 16, 1400 5 SEP 13, 1200 TO SEP 13, 1315 3
TO NOV lb, 2300 10 SEP 23, 1330 TO SEP 23, 1530 4

TO NOV 17. 0715 4 SEP 23, 1845 TO SEP 24, 0906 33

TO NOV 17, 1.245 1 OCT 7, 1330 TO OCT 7, 1745 9
TO NOV 20, 1535 1 OCT 8, 1132 TO OCT 9, 1.607 57

TO NOV 25, 0800 160 OCT 15, 1605 TO OCT 16, 0200 30

TO NOV 29, 0130 19 OCT 16, 1515 TO OCT 17, 0200 34

TO NOV 29, 091.8 2 OCT 16, 1240 TO OCT 18, 1610 21

TO NOV 29, 1245 2 OCT 21, 1100 TO OCT 21, 1435 19

TO NOV 29, 2300 20 OCT 21, 1720 TO OCT 22, 0800 47

TO DEC 12, 1230 3 OCT 22, 1130 TO OCT 22, 1200 2
TO DEC 13, 0336 23 OCT 22, 1630 TO OCT 23, 0345 36
TO DEC 13, 1945 5 OCT '1, 1315 TO NOV 1, 1200 58

TO DEC 19, 2300 84 NOV S. 1405 TO NOV It 2345 22

TO DEC 21, 1300 3 NOV 2, 0200 TO NJV 5, 7600 170

TO DEC 26, 13OU 3 NOV 5, 1015 TO NCV 6, 0500 43
TO JEC 27, 1415 6 NOV !•, 1230 TO NOV 6, 1250 2

TO DEC 29, 1330 4 NOV 6, 1530 TO NOV 6, 2330 15
TO JAN 2, 1330 5 NOV 19, 1.110 TO NOV 21, 0615 97

TO JAN 3, 1230 2 DEC 3. 1245 TO DEC 3, 2045 20
TO JAN 4. 1300 3 DEC 3, 2300 TO DEC 4, 1545 40
TO JAN So, 1330 9 DEC 16, 1545 TO DEC 16, 2133 11
TO JAN 17, 2345 71 DEC Sl, 0930 TO DEC 17. 1100 3

TO JAN 24. 2300 3 DEC 17, 1400 TO DEC 18, 0800 4i
TO FEB 2L, 2330 28 OEC 15, 1130 TO DEC is, 1300 4
TO MAR 13, 1330 8 DEC 20, 1515 TO DEC 21, 0000 29
TO MAR 14, 0806 53 DEC 23, 1640 TO DEC 24, 0015 23
TO APR 3, 0830 48 DEC 27, 1530 TO DEC 27, 2345 16
TO APR 4, 0815 55 DEC 30, 1405 TO DEC 30, 1405 1
TO APR 24. 0600 40 DEC 30, 1730 TO DEC 30, 2345 15
TO APR 24, 1300 7 1969	 JAN 7, 0700 TO JAN 7, 1003 6
TO APR 24, 2357 21 JAN 7, 1330 TO JAN 8, 0800. 41
TO APR 25, 0300 17 JAN 26, 1020 TO JAN 26, 1100 3
TO APR 2b, 0500 20 JAN 28, 1345 TO JAN 29, 0800 42
TO APR 30, 0300 10 JAN 29, 1120 TO JAN 30, 0800 53
TO APR 30, 2345 20 FEB 17, 1530 TO FEB 19, 1130 105
TO MAY 2, 0400 6 FEB 24, 1302 TO FEB 24, 1323 2
TO NAY 16, 0745 22 FEB 26, 0630 TO FEB 26, 0330 102
TO MAY lb, 1405 3 FEB 26, 1145 TO FEB 28, 1230 3
TO MAY 1$, 0745 41 MAR 4, 1715 TO MAR 6, 0600 93
TO JUN 6, 1430 44 MAR 17, 1645 TO MAR 16, 1100 62
TO JUN 12, 0630 44 MAR 16, 1650 TO MAR 19, 0900 62
TO JUN 21, 1504 -54 MAR 19, 1640 TO MAR 20, 0900 60
TO JUN 24, 1200 5 MAR 25, 1145 TO MAR 2b, 0630 54
TO JUN 24, 2245 13 MAR 27, 1315 TO MAR 27, 1600 4
TO JUN 26, 1550 67 APR 3, 0945 TO APR 3. LIDO 5
TO JUL 1, 1300 2 APR 10, 1605 TO APR 10, 2345 24
TO JUL 6, 1705 2 APR I1, 1920 TO APR it, 2245 14
TO JUL 10, 1630 69 APP 12, 2020 TO APR 12, 2230 10

TO JUL 11, 150P i APR 13, 2040 TO APR 13, 2345 14

TO JUL 12, 1440 1 APR 14, 2030 TO APR 14, 2315 12

TO JUL 16, 1530 2 APR 15, 1645 TO APR 15, 2345 21

TO JUL 17, 1250 2 APR 16, 2045 TO APR 16, 2230 6

TO JUL 22, 1450 4 APR 22, 1620 TO APR 24, 1500 115

TO JUL 23, 1300 5 APR 28, 1400 TO APR 29 9 1130 50
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