e

g
RN

—

IRSTIPUTO GEORISICO DEL PERU

RADIO OBSERVATORIO DE JICAMARCA

PROGRESS REPGRT O

COOADINATED SATELLITE AWD INCOHERENT SCATTER OBSERVATIONS

Submitted "bo-

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Grant No. HGR-52-158.001

. Principal Investigeior:; Dr. Ronald ¥. Woodman

Associate Researcher : Dr, Q. Pablo Lagos . 4

" Reproduce AL
TIONAL TECHNIC

F\IAFORMATION SERVICE

4 tment of Commerca
7 US Deng eld VA 22151

NT7i-364377 4 '

August 1971 ! 3 {ACCESSION NUMBER) 3., (THRU) .
2 v ';-g !
2 (PAGE 7 {CODE)
SN E i i s A
Q {NASA CR ORTMX OR AD NUMBER} {CATEGORY) :



COYTENTS

ABSTRACT seeesanncenncsnnan csesstieav et adras e st aens
Introduction ......................(.....,..l...............
a} Electron Concentration and Temperature and Spread-F
leasurements Co-ordinated with CGO-VI Pasges secee.ee v
b) Blectron Concentration éﬂd 6300 3 NightélOW'Measurement
C) Special EVENltS eeeeessvesnssetsssrcrsocasrarsasssssssann
ACKnowledsemell eirvaresroassntacasrssacscasssnitsvtitnsesns
Referenées Bt et ears s taatearree s d et s a0 st s antnaes

Ta,bleI'... ...... P s s s s eI B atenstr et

PAGE

® = O O

APPENDIX I. Electron Density and Temperature Profiles Co-ordinated with

0GO-VI Passes.

APPENDIX II., Spread-F Observations Co-ordinated with OGO-VI Passes.

APPEWDIX TII. Flectron Density Contours, Vertical Plasma Drifts and

6300 £ Wightglow Emission Intensities.



ABSTRACT

This report mainl§ provides four types of information: 1) Electron
density and temperature profiles collected at the Jicamarca Radar
Observatory, Lima, Perd, located near the magnetic equator, coinei-
dent with twenty near-overhead passes of 0GO-VI; 2) Films of Spread-F
structure coincident with sevén near-overhead passes of 0G0-VI; 3) B~
lectron density econtours and vertical plasma drifis coincident with
five 6300 13 nightglow emission intensities measured at the Huancayo
Observatory; 4) References to papers completed and prepared for publi-
cation which are commected with tightglow studies and special events

such as a magnetic storm and a solar eclipse.
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Introduction

The present report covers work carried at the.Jicamarca Radio Ob-
*sérvaicry of the Imstituto Geofisice del Pert (11.95°S q76.é76ﬁ; 2° pip)- -
towards the following objectives, as described in a pioposal sﬁbmitted
to the Netional Aeronautics and Space Administration; 1) Calibration
of saiellité borne detectors, 2) Sﬁpply realistic input data and ﬁouna-
ary conditions for theorétical-calcﬁlations of F-region morphology, and
3) Supply needed boundary velues for elucidating the physical processes
leading to the nignhtglow. ' |

-This work has been carried in closé-colabqramion with Dr. W. B.
Hanson's group at the University of Texas, at ballas in connection éith
their satellite borne (0GO-VI) temperature and density probe, and.their
efforts to mathematically model the dynamics of the equatorial iono-
spheric phenomena. In addition fc.the ahéve objectives, concurrent ra-
dar and satellite observabions of F-region irregularities have been
-made in-an effort to understand the morphology end the cause-of the ir-
reglarities responsible for épread—F. '

We 'have performed radar observations and .carried on research,work

. in pursuance of the above men@ioned objectives as-described uder the
following headliness: —

a) Electron Concentration and Temperature and Spread-F leasurement Co--

ordinated with 0G0O-VI Passes

. Several kinds of in situ probes are flown in the NASA 3atellite-
Program to obtain global coverage of the ionospheric parameters Ne’ Te’;
and_Ti. The accuracy c¢f the probe neasurements can only be obtained if

the above parameters are measured by another well established technigue.



Such a technique _/_gee Farley, 1969a, b, for its descrip‘biog-/_ is present-
- 1y used ab Jicamarca. ¥We have made simultaneous observations with the
radar whenever QG0-VI made a convenient pass over the station.

We have made 25 ceincident measurements at dabtes and $times listed
in Table I, Concentration end electron temperature measurements have
been made during twenty of those days. The results are presented in
40 figures shown in Appendix I. Jon femperatures can be obtained from
the electron téﬁpera‘hure since, at the equator, both temperaiures are
approximately equal for height ranges sbove 300km Z}Ec(!lure, 196_9_7.

Bach of the figures shows three vertical profiles, one before and, one
after the satellite pass. The consistency between records can be used
to indicate the degree of confidence that can be put on the different
neasurements. More asccurate values can be obtained by smoothing in
height and fime, -

The data is currently being compared with CG0-VI concentration and
ion temperatures by Dr, Hanson's group at the University of Texas, at
Dallas. Prelim:i;nary results show good agreement,

Seven of the satellite (0C0-VI) passes occurred a‘i: times where Spread-
F was present. Whenever irregularities occur, echoes are received sev-
eral orders of magnitude larger than the incoherent scatter signal re-
ceived when the medium is in themodynamic equilibrium. The intensity
of these echoes can be used as an indication of the strength of the ir-
regularities that produce them. The irregularities occur in very well
defined layers and their height can be gccur'a:tely determined.

A very :useful photographic technigue has been developed at the eb-

servatory to record the strength of the echoes in a logarithmic way with



the necessary dynamic range. Results are shown in Appendix II. Each
frame records the height and strength of the echoes at the time marked
along the film. The continuous marks are height marks 100 km apart.
The ground pulse is at the bottom of the figure, the echo 2% 100 ¥
corresponds to the E-region, the rest of the echoes sre associated with
Spread-¥, The length of the white marks is a measure of the intensity
of the echoes in &b above an arbitrary level (usually noise). The
scale is 40 db between two consecutive frames., Two antenna positions
are used 6° apart on the E-7 plane center around the vertical. They
are switched every two frames.

The three days in September were taken using a standard A-scan
strip showing ouly the occurrence and height of the irregularities,
The information is being compared with the observations taken by the
satellite in collaboration with the Universiity of Texas, ai Dallas.

b} Electron Concentration and 6300 A Hightglow Measurement

Simultaneous observations of electron density and vertical plasma
drifts at Jicamarca and 6300 K nightglow emission at Huancayo have been
carried out on five nights. The vertical drift has been obtained ug-
ing a technique recently developed at the observatory _{_ﬁoodman,_a‘zﬂ B‘agi‘ors,l%.g
The electron density data are logarithmic contour plots. The vertical
drift velocity is the average value of drifts between 300 and 400 km,
except during the presence of coherent echoes (from P-region irregular-
ities) that ceompletely mask the incoherent scatier sigmal in this alti-
tude range and the average is baken from 400 ﬁo 500 km altitude. The
dotted positions of the figures indicate the presence of these echoes

(]
(equatorial Spread-F). The figures showing the 6300 A emission inten-



s
51tles also -show ﬁhe vertical plasma drifts- (w ), the maximum electron
- concentration (hm), and the three hours average of‘Kp. These data are
shown in Figures €l to (-10. Preliminary analysis and interprétation
have been made in a recent comprehensive study of -equatorial airglow
reported by Lagos and Veldsquez 1397g7. The informatioﬁ has been made
availzble to the Universitf of Texas, .at Dallas for their stndies.

¢) Special Events

Simultaneous observations of N, T, and vertical drift were made
during thé great magnetic storm of March 8, 1970 and, during the Sep-
-$embe£_ll, 1969 solér eclipse, The informaiion has been processed and
‘analyzed. The data is presented and interpreted in the following pub-
licationssz ‘

Woodman, R. P., "Jicamarca incoherent scatier obsérvations during the

March 1970 storm”, in WDC-A Upper Atmosphere Geophysics, Boulder, Co-

¥

lorado.‘ Data on Solar_Geophysical.Activity Associated with the Hajor
Geomag‘ne‘bic‘ Storm of March 8, 1970, Rept. UAG-12, April 1971, 3 Parts,
pp. 194-199.

Sterling, D. L., W. B. Hanson, and R, F. Woodman, "Synthesis of equato-

srial data from Jicamarca, Peru, during the September 11, 1969 eclipse”;
submitted. por publicétioﬁMto Radio Secience,

Woodmen, R. F., D. L. Sterling,and W. B. Hanson, "Synthesis of Jicamar-
ca data during the great storm of March 8,- 1970"%; to be submitted to
Radio Seience,

The last two publlca$1ons 1nclude synthesis of the dats obtalned
using the mathemailcal model developed by Hanson and Sterllng of the Uni.

versit& of Texas, at-Dallas. The agreement is very good, showing that


http:publication.to

b

theée is now a very good understanding of the‘physical and chemical pro-
cesses of the equatorial ionosphere, There is only one important para-
meter that has not ﬂeen neasured yet, and that is peeded for unambi-
guously modeling the equatorial ionosphere: the North Soutﬁ component
of the ion velocity due o the'drag caused by the NS component of the

neutral wind.

Acknwoledgement. The authors wish to thank the Jicamarca Steff for their

technical assistance.
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TABLE I

0G0-VI Pagses .

DATE LOCAL TINE HEIGHT REMARKS
Oct. 31, 1969 1127 943 Jm N, T,
Oct. 31, 1969 2349 635 km N, T,
Nov. 12, 1969 1110 467 km N, T
Fov. 15, 1969 2206 433 lm o, T
¥er. 7, 1970 0637 479 km N, T,
Mar. 7, 1970 0816 453 km N, T
¥ar. 8, 1970 o727 467 km N, T
Nar. 8, 1970 L% T — Ne, To
Aug. 6, 1970 1156 625 km N, T
Aug. 8, 1970 1148 639 km No, To
Aug. 17, 1970 2252 539 km N_, T
Aug. 30, 1970 2109 421 xm N T
Septe 1, 1970 0831 1038 Im N, T
Sept. 3, 1970 0822 1021 km e, T,
Sept. 10, 1970 1928 553 km Film
Sept. 12, 1970 1919 506 Xm H, T, Film
Sept. 14, 1970 1909 459 xm §o, T Film
Sept. 29, 1970 1711 676 km NS, T
Oct, 1, 1970 1501 708 Im N, T,
Oct. 30, 1970 0113 509 km N, T,
Nov. 1, 1970 0101 605 lm Ne, T,
- Wove 19, 1970 2217 488 km Film
Nov. - 21, 1970 2204 514 Im Film
Nov. 23, 1970 2150 517 km Film

| Nov. 25, 1970 2137 547 m Film




APPENDIX I

Pigure Gaptions.

Fig. A 1a) t0 A 20a Electron density profiles for the times (75°%)
and date indicated in the figure. There was a
near overhead O0G0-VI pass within the period at
a time and height shown in Table I of the main
text. .

-

Fig. Alb) to A 10b Same as above, but the electron temperature pro-

file is shown.



Fig. B5 to BT

APPENDIX II

Mgure Cap%ions

Photographic. prints of a film strip épowing.the struc-
ture, ‘height, thickness, and strength of F-region irreg-
wlarities responsible for Spfead»F and satellite scinbile
lations.,  The film is centered around the time of 2 near
overhead satellite pass shown in Table I. The vertical
scale is 100 km in between continuous lines; The long-
est of the traces at the bottom correspond to the trans-
mitter pulse interference., The next higher (100 km) .
traces correspond to the elecirojet. All higher traces
are due to the presence of F-region irregularities. The
length of the trace is a measure of the strength of the

echoes with .2 scale of‘4d db betwgen frames,

These show similar information as in Bl to B4, but there
is no quantitative indicaiioﬁ of the strength of the echo,
A wider transmitter pulse was used in these cases. The
two lines on the top of the figure on September 1. cor-

respond to the next transmitter pulse.



Fig. € 1la) to & 5a

Fig. € 1b) 1o € 5b

APPENDIX IIT

Figure Captions.

Electron density contour plots in & base ten loga
rithmic scale and the corresponding vertical drifd

wvelocity.

0
6300 A nightglow emission intensity corresponding
to the densities in Figures € la) to € 5a. The

vertical velocity W, maximum density, Hm and

3 ?

height of the maximum, L, is also depicted.



APPENDIX I

ATTITUD PROFILES COF Ne AND T e COINCIDENT WITH OGO VI PASSES
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